OF FACTOR ANALYSIS AND THE ANALYSIS OF VARIANCE

Extract of Thesis to be presented for the Degree of Ph.D.

in Psychology in the University of London, June 1942.

Introduction

The essence of an examination is stated to be measure-
ment and the thesis analyses the measurements given by some
examinations. The methods of scoring examination marks

and the application of them are outlined.

(1) Factor Anal7/-sis of Marks with different Types of

Scoring-

The marks of two.university examinations for eight
consecutive years are analysed. In the case of one exam-
ination, the instructions given to the examiners demand that
the marks should approximately fit a normal distribution
curve. The.other examination papers are marked without
restrictions. In this section an endeavour has been made
to determine whether the instructions to fit the marks to a
normal distribution curve affect the factors obtained by

analysis.
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(11) Analysis of Variance of Two Sets of Scores for Sore.

Examination Candidates

The college assessment and the examiner’s mark for one
subject in a university examination are analysed to test the
significance of the difference between the variances of the
two sets of scores. The revising examiner has marked in-
dependently some of the border-line cases together v/ith
some of the poorest and best papers picked at random. The
significance of the difference between the wvariances of

these re-markings and the original marks 1is also tested.
(1ii) Correlations between Persons

The marks of an examination for entrance to secondary
schools are analysed. In this case the same candidates
are examined in both 1937 and 1938. One purpose of this
analysis 1is to determine the change, if any, in the factor
saturations for the set of persons after the lapse of a
year, using Burt’s method. The second aim is to try out
another method which has recently'been evolved and to test -
the agreement of the results obtained by this method with

those obtained by using Burt’s method.



Results and Conclusions

The main conclusions are:-

(i) According to the data used in this research,
fitting the score-scatter to a normal distribution curve
does not influence the resulting factors. Some interesting
facts concerning the individual examinations are revealed.

(ii) In many cases the difference between the college
assessment and the examiner’s marks 1s significant. There
is evidence that there is no difference in the average mark
assigned by the first and revising examiners, and that the
marks do bear some relation to the ability of the individual
concerned.

(1iii) There is reasonable agreement in the first factor
saturation of the marks of both years but there are diff-
erences 1in value and sign in the second and third factor
saturations. The other method used gives results which

agree to the degree of accuracy used.

Mary K.B.Harwood.
23rd April 1942.
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CHAPTER I

INTRODUCTION

Aim of This Thesis

This thesis analyses the marks given by some examina-
tions, and 1in particular it investigates:

(1) The influence of enjoining examiners to fit their

marks to the normal distribution curve.

(1ii) The variance between a personal assessment and an

independent examination mark.

(1ii) Correlations between persons v;hen a second mea-

surement was made a year after the first.

For many years correlations have been applied to edu-
cational tests which are virtually school examinations ;
naturally enough, psychologists have applied the same method
to the examinations which, in their academic capacity, they
are constantly carrying out themselves. Though much fac-
torial work has been applied to school tests, little factor
analysis has been made of university examinations. The
first, probably, was the unpublished analysis made by Burt
with results of the same examination as that with which

Examination I in Chapter II is concerned. However, these

analyses never really answered the frequently asked question
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as to what particular aspects of teaching capacity the
examination measures. The analyses of this research show
that the examinations considered measure certain special
aptitudes other than general intelligence. They also
measure the relative weights of those aptitudes year after

year.

Examination Scores

One of the main issues of an examination is the placing
of a set of candidates in a relative order of merit. The
system of scoring should be suitable to the purpose of the
examination. The examiners 1in many universities mark their
degree and post-graduate examination papers with a system of
symbols such as ~ T, etc., and this system has been
found most satisfactory where the number of candidates is
small. It is thought that by this method there is a greater
likelihood of maintaining a constant pass-level for different
groups of candidates, a task which is very onerous and calls
for experience and sound judgment coupled with a somewhat
rare ability in setting suitable examination papers. IVhen
some thousands of candidates are entered for an examination,
the more objective method of fixing the pass-level at a
point such that a definite percentage always pass 1is used.

Some boards of examiners are instructed that the marks that
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tiiey allot to the candidates should fit the normal frequency

curve. In this way about 40" of the candidates score
between 407 and 60%. In some examinations, the teacher

submits a mark on the relative merit of the candidates he
is entering. Though this estimate is not altogether re-
liable as it is influenced by personal bias, it 1is a means
of helping to secure fair treatment for a candidate who 1is

nervous or not well at the time of the examination.



CHAPTER II

A SOME QE THE EFFECTS -CAUSED BY MARKING IN'ACCORDANOE WITH
F, A GIVEN DISTRIBUTION

page
Material ' o ! 4
Examiners and Their Methods of Scoring 6
Correlations Obtained 6
Statistical Methods 9

Results 15
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CHAPTER II

OF THE- EFFECTS "CAUSED BY fclARKMG IN ACCORDANCE mTH
Yv LA. GIVMT DISTRIBUTOR'.

Material

By the kindly aid of two examiners.and with the per-
mission of the university authorities in question, the sets
of marks for twv/o different examinations for eight consecu-
tive years were obtained. The university required that
neither the names of the examinations nor the actual marks
be disclosed. Only the following few facts about these
marks can therefore be mentioned.

(a) Examination I These are the marks for a post-
graduate examination set in the years 1951 to 1938, inclu-
sive, the subjects of which are:

) Principles of Education
(ii) Psychology and Hygiene
(iii) Special Method
(iv) Educational Psychology or Comparative Education
or History of Education
(v) Educational System”

(vi) Essay
(vii) Practical Teaching

All the candidates have the same question papers in the first

two and the fifth subjects. The fourth subject comprises

three different courses only one of which may be chosen.

In actual practice. Educational Psychology is very much more
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popular than the other two, so that the marks for the
fourth of the papers which the candidates have to take may
he treated as the marks for one main subject only. The
questions 1in Special Method, also Essay and Practical
Teaching, are related to the subject in which the candidate
took his degree. The candidates,bothmen and women, are
graduates of the faculties of artsandscience:there are
about 400 entries each year, only few of whom are graduates
of other universities. Owing to the high 'standards of
their selection, these men and women form an extremely
homogeneous group.

Examination II The marks, again for the years 1931
to 1938 inclusive, are from an undergraduate examination
whose entrants are all women. The'names of the subjects
may not ge disclosed so they will be described as follows:

(i) P, an organic science

(ii) Q, an inorganic science
(1ii) R, a mathematical science
(iv) S, a social science

iv
The four subjects are compulsory for all candidates and the
number examined is small, rising from 38 in 1931 to 63 in
1938. . All the candidates belong to the same faculty and
they also may be considered to form an extremely homogeneous

group.
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Examiners and Their Methods of Scoring

Different methods were used in the scoring of the two
examinations and the purpose of the analysis of these marks
is to attempt to estimate the influence of the method used
on the marks obtained. In Examination I, the examiners
were instructed to mark their papers so that the resulting
scores form a normal,. distribution curve. Also they were
to use literal marks, At, A, A-, B B etc., to E-, i.e. 15
grades. The examiners of Examination II received no in-
structions about the scatter of their marks; they formed
their own maxima and then calculated-the marks as a per-
centage. In this set there were no changes 1in the exam-
iners throughout the eight years, while in Examination I
there were a few changes. The influence of these changes
will be discussed with the results. The distributions of
marks for the eight consecutive years for both examinations
are given on pages 10, 11, 12, 13 and 14. (figs. I, II, 1III).

Correlations Obtained
/

As early as 1917 Burt stated that "school achievements
are due to mental qualities of two kinds: first, a general
ability entering into all school work; secondly, special

aptitudes for particular subjects."” After collecting test

“Burt, C. The Distribution and Relations of Educational Abil-
.itles, p.S.King & Son Ltd.. London/ 1917. n. o64.
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results from many hundreds of children of all ages and capa-
cities he wrote "with younger children, and particularly, it
would appear, with younger girls, one can often demonstrate
little hut the existence of the general factor; with older
children, and particularly with college students, little

but specific talents or specialised interests . The gen-
erally-accepted viex seems to be that human abilities dif—
ferentiate or become specialised more and more as the child-
ren examined get older and pass through the adolescent to the
adult stage. Burt suggests that one important factor at
work is the increasing selective character of our educat-
ional system. The children in an infant school form an
almost perfect sample of the population of the age they
represent and hence correlations between test results should
be high. Heterogeneity is lessened in the junior schools
v/ith the removal of the mental defectives. The senior,
central and secondary schools give three definite” levels

of ability in the child population of their age group.
Finally, college students form groups with varying degrees
of homogeneity according to the type of college, the age of
the student and the ability level of the course which the
student is attending. It has been found that as the degree
of homogeneity of groups increases, so the correlations

2
Burt, C. Mental and Scholastic Tests. P.S.King & Son Ltd.,

London, 1927. p. Z266.



-8-

obtained between group test results become smaller. . In
Examination I, where the candidates are all graduates, the
correlation coefficients are all smaller than those of Exam-
ination II where the candidates are studnets in their first
year of college life. Recently Vernon” has found evidence
in his ovjn researches which enables him to state "in the
educational field at least, our .data show that there is
positive overlapping of widely diverse abilities among
training college students." The results of the present
research seem to be in agreement with those of Burt and as
far as correlations are concerned with those of Vernon: all
his correlations are positive and statistically significant
except one. In Examination I of this research,- out of a
total of 168 correlations, three were not significant, while
in Examination II, only one out of 48 was not significant.
Again, 1in Examination I, the correlations are -small, the
average ranging from .248 in 1955 to .365 in 1932. Vernon
found small correlations too, his median being .279. In
Examination II, the correlations are larger, ranging from
.235 to .881, with an average of .574. (See Tables III & 1V,
pages 21 and 22).

g
Vernon, P.E. Educational Abilities of Training College

students. B. j'.Ed.P.. Vol. IX. Nov. 1939.
pp. 233-50.



Statistical Methods

A. Correlations

The method used throughout for calculating the corre-
lation coefficients was the formulaE, H » 2cr—d—_—-\’"?wﬁere
X, Y and Z are the total square deviations along the two
axes (x * 0, y e o) and along the (y x) diagonal of the
scatter diagram. The correlation was assumed to he sig-
nificant if greater than SPE.0",, where . vn — 1 and n
is the number of pairs of observations.”

B. Analysis of Factors

Several methods were tried. As there were many anal-
yses to be made, a method v/as sought which gave reliable
factors and was, at the same time, quick to compute. For
rhis purpose, Burt’s method by Weighted Summation” was
found to be most satisfactory. Each of the tables of
correlations for the eight consecutive years for Examina-
tions I and II were analysed for two factors and the satura-
tion coefficients will be given later.

4
Thomson, G.H. How to Calculate Correlations. Harrap,

London, 1924. p. I6.

also Kelley, T.L. Statistical Method. Macmillan Co., New
York, 1924. p. 180. (X—V)

5 /\X/\
Fisher, R.A. Statistical Methods for Research ﬁgrkers.
Oliver & Boyd, London, 1932. pp. 46, 198 seq,

“Burt, C. The Factors of the Mind. University of
london Press, London, 1940. p. 467.
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FIGURE I

Graph to show Distribution of Marks in Examination I

MO-

D- D ‘o-'ct 'ct'ee £-‘E 64-

o’ c ~"C4'5-'0 'BfA-’A

Principles of Education— Psychology & Hygiene— Essay—

Special Method—" Educational System—
Educational Psychology or Histroy of,

Practical teaching— *
or Comparative Education—



1935

100

80

60 4

20

(601

404 IB37

1004

804

604

404

20\

- 11

FIGUKa I contd,

E 'E+ a-

1938

0 WM.'c'C «+'6F'B

'8A- A



-12.
FiaURE IT

Graph to show Distribution of Maries in Examination II
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FIG-URE III

G-raph to shov/ Distribution of Marks Suramed for the Years
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Results

In Tables- III and IV, pages 21 and 22, will be found
the correlation coefficients of the marks of Examinations I
and II and the saturation coefficients for both examinations
obtained by Burt’s weighted summation method are given in
Tables V and VI, pages 24 and 28. Graphs to illustrate the
last two tables are given as Figures IV and V, pages 26 and
29. These tables and figures, together with the distribu-
tion curves, .will be considered in. order.

(@) Distribution of Marks

In Examination I, where it v/as enjoined that the marks
for each subject should fit the normal distribution curve,
it will be noticed that the curves for each subject are
practically coincident and appear to approximate to the
normal distribution shape. The most notable exceptionsito
this are Special Method and Essay, and the probable explana-
tion for the divergence of these curves from the others is
that these subjects are marked by at least six different
examiners, though it is highly probable that any one candi-
date is marked by the same examiner in both subjects.
Practical Teaching "is marked by the same examiners as the
last two mentioned subjects. ' However, this subject has a
curve nearly coincident with the curves of Principles of

Education, Psychology and Hygiene, Educational Psychology



and Educational System.

In Examination II, although the method of marking is
non-restrioted, some of the curves appear to approximate
fairly well to the normal distribution. Subject Q, inor-
ganic science, 1s somewhat irregular, five out of the eight
curves having more than one peak. Subject S, social
science, always has a very narrow range of distribution and
the curve 1is very erratic in 1936 and 1938. This subject
is less "exact" than subjects P, Q and R and possibly may be
marked by impression.

As the number of candidates for each year in Examina-
tion II is small, the mark distributions.' for '-the eight -years
were summed and graphed in Figure III, page 14. The indi-
vidual pecularities shovm in the eight distributions of
Examination II, Figure II, pages 12 and 13, are then nearly
eliminated and subject Q, inorganic science, has only a mild
tendency to be double-peaked. It is still, however, quite
markedly different from the others. In Examination I, the
Essay distribution, and to a smaller extent, the Practical
Teaching distribution, show either that a candidate scores
where his choice of subject is wider or that the examiner is
influenced by the more personal nature of the examination.
One other point 1is of interest with regard to this set of

marks. In 1931, teaching ability was considered by the
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exaluiners as the real test of the examination as a whole.
The various tutors, therefore, wanted to ensure the success
of their individual candidates by giving them a high mark
for the subject that influenced the. final result. Since
1931 "general suitability for membership of a school staff
which includes a theoretical knowledge of subjects embracing
teaching, 1s considered as a standard for success in the
whole examination.

Tables I and II, pages 18 and 19, give the averages and
standard deviations of the marks. In Examination I, for
each subject throughout the eight years, the average is
fairly constant. In Examination II, there is a variation
from 42.63 to 55.75 in Subject P, organic science, and from
44.69 to 55.17 in Subject Q, inorganic science. The mathe-
matical science, R, and the social science, S, have a slightly
smaller range of variation. A comparison of the standard
deviations seems to indicate the restraining influence of
marking to fit a normal distribution curve. In Examination
I, the greatest variation in the standard deviation is in
Essay, namely 5.69 to 9.40 (3.71). Apparently the instruc-
tions given out by the head of the examining board did not
make it clear that marking to a normal distribution curve
Was to apply to the students’ essays. It will be seen that

in 1931 very high marks were given resulting in an average
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TABLE T

Table to show Average Marks and Standard Deviations for

Year

1931

1932

1933

1934

1935

1936

1937

1938

Year

1931

1932

1933

1934

1935

1936

1937

1938

gqnm>

50.

49.

50.

50.

50.

49.

48.

48.

8.

8

20

02

75

60

40

85

74

42

.85

.63

.51

.39

.96

.92

93

L27

51

50.
49.

50.

50

50

51.

53.

6.

6.

6.

Sub jects in Examindtion I

.47

32

6l

96

.30

27

53

30

.22

95

.95

.38

.04

.09

05

31

Average Marks

48

477 .
. 48.

48.

477

48.

47 .

48.

Standard

Comparative Education

G

.12

36

89

76

.73

78

52

88

G

.75

.48

.80

.40

.89

.86

.15

.82

Principles of Education
Psychology and Hygiene
Special Method
Educational Psychology or History of Education or

49
49
50
49
49
46
51

50

Deviations

9.

7

D

.07
.12
.26
.55
, 34
.90
.06

.69

D

.88
1
.26
.72
.99
.52
27

.97

477.

50.

49.

50.

48.

48.

49.

49.

8

90

15

84

99

98

33

97

56

.69
.06
.40
11
.44
)
.40

.30

55.
57.

56.

89
53
22

55.30

54,
53.
54.

55.

6.
5.

75

90

38
39

.06
.09
.46
.45
.03
. 63

49
97

E Educational System

F Essay

G

Practical Teaching

57.31
53.66
52.20
52.83
53,87
52.76
52.74

50.95

8.87
8.60
8.36

8.34
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TABLS IT

Table to sliov/ Average Marks and Standard Deviations for
Subjects in Examination II

Average Marks

Year P 0 R S

1931 46.99 48.19 47.31 42.01
1932 42.63 54.97 45:38 51.65
1933 55.23 52.01 54.29 47.01
1934 47.88 55.05 50.78 47.45
1935 51.42 44.69 44 .27 47.05
1936 44 .29 45.00 43. 90 47.17
1937 51.39 55.17 42.87 42.99
1938 55.75 54.75 44 .97 44. 87

Standard Deviations

Year p Q R S
1931 10.97 16.13 » 13.95 7.40
1932 9.92 16.64 14.35 8.41
1933 11.61 18.73 14.57 8.31
1934 12.85 13.58 11.72 9.54
1935 9.37 14.54 12.33 7.80
1936 13.35 19.67 14. 45 8.97
1937 9.77 15.42 13.06 8.35
1938 12.45 17.36 12.45 8.14

P organic science ' Q inorganic science

R mathematical science S social science
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of 55.89. The attention of the examiners was called to
this fact and in 1932 a curve with two peaks v/as produced
showing that some of the examiners had complied with the
instructions while others had not. The curves and the
averages of the marks of the following years, except those
of 1936, show that probably the handing back of the essay
to the student in question still played a part in the marking
of that essay. The standard deviation for Practical Teach-
ing 1s always high compared with that of other subjects es-
pecially in the early years. Students were presumably
picked out mainly by academic prowess, so that in theory
they are relatively homogeneous. The fairly high number
of E marks shows that those with good teaching ability are
not necessarily those who have a first class degree.

In Examination II, the standard deviation ranges from
7.40 to 19.67, a difference of 12.27 for the four subjects
during the eight years. The standard deviation of Subject
Q, 1inorganic science, varies from 13.58 to 19.67 while the
range for social science, S, 1is only 7.40 to 9.54. It
seems fairly obvious from this that marking to fit the nor-
mal distribution curve will give the set of marks whose
standard is least likely to vary from year to year and 'viiose
standard is less likely to vary from that of other subjects

in the same year.
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TABLE III

show Correlations of Marks 1in Examination I

D E F G B 0 D E F
1931 1932
.425 550 .095 .127 .486 .410 .342 .395 .'143
.297 .446 .208 .193 .438 .401 .469 .326
.232 .325 .302 .189 .682 .440 .234
.455 .082 .151 .457 .300
.059 .157 ' .279
.325
1933 1934
.312 .323 .245 .210 .246 .349 .374 .403 .175
.372 .441 412 .310 .478 .325 .406 .192
.431 .362 .304 .443 .330 .354 .265
.376 .267 .227 .552 .284
.288 .240 .451
.406
1935 1936
.463 .328 .180 .211 .421 .359 .419 .301 .287
.323 .274 .086 .133 .316 .360 .340 .208
.349 .297 .095 .327 .330 .231 .412
.164 .143 .177 .265 ,236
.121 .087 .218
L4226
1937 1938
.336. .456 .244 .169 .409 ;363. .372.;344" .272,
.379.. .494. .186. .127 .504 .437 .404. .118.
.327..455. .332. .376 .;363 .323. .278
4434, .246. .268 .483 .243
.239, .541 .250
;424

E Educational System
F Essay
G Practical Teaching

Comparative Education

222
.207
.357
.405
.340
.341

.215
.140
.295
.389
L3777
.423

.235
.147
.289
.168
.158
.426

273
.299
317
.255
;253
- .452
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TABLE IV

Table to shoyi Correlations of Marks in Examination IT

Q R S q R S
1931 1932
P .691 .583 .531 .762 .609 .584
0 . 094 .704 .725 .533
R .584 .355
1933 1934
P .554 .593 .591 .592 .654 .364
0 .849 .482 .881 .487
R .515 .482
1935 1936
P .495 .468 .307 .509 .754 .610
0 . 750 .293 .832 .534
R L4273 .609
1937 1938
P .500 .449 .235 .690 .710 ..438
0 .768 .499 . 790 .567
R .545 .357
P organic science
Q inorganic science
R mathematical science
S social science
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(b)-Correlation Coefficients ' T

These are all positive, and though those of Examina-
tion I are mostly small, only three of them are not statis-
tically significant.

(c) Saturation Coefficients

Vernon7, after analysing his correlation table, stated
"in the educational field at least, our data show that theie
is positive overlapping of widely diverse abilities among
training college students." Now Burt states "the relation
between the results of the group-factor method-and those of
the general-factor method can be expressed by a single trans-
formation matrix,"® and he has applied this procedure to the
factors Vernon obtained. He has reduced the original table
of correlations to one positive general factor and three
positive group factors showing little or no significant
overlap. Burt calls the general factor ’‘general collegiate
ability as judged by college marks and tests’. Table V,
page 24, shows that the general factor for Examination I
correlates most highly with Principles of Education, Psych-
ology and Hygiene, Special Method, Educational Psychology
and”Educational S”rstem. Burt,' in his analysis, finds it

correlates most highly with Education, Psychology and English.

"“Vernon, P.E. Loc. cit.. p. 8.

®Burt, C. Loc. cit.. p. 6.
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TABLE Y

Table to show Saturation Coefficients Obtained by Analysis
of Cofreiations of Examination I in Table IIY

1st Saturation Coefficient

Year A B C D E E G

1931 .6972 .6155 .5173 .5543 .7013 .2730 .3024
1932 .5536  .06453 .7405 .7441 .6650 .4214  .4973
1933 .5063 .6818 .6793 .5747 .5888 .5478 .5239
1934 .5070 .5150 .5888 .6702 .7690 .5129 .5256
1935 .6721  .5390 .5787 .5763  .4290 .3107 .4162
1936 .6483 .5644 .6128 .5615 .4608 .5463 .4269
193Y .5284 .5596 .6650 .5683 .7905 .4542 .5483
1938 .5943  .6553 .6349 .6407 .6067 .4330  .5073
Mean .5884 .5939 .6272 .6113 .6264 .4374 .4685

2nd Saturation Coefficient

Year A -B C D E E G

1931 -.184¢6 .0426 .2386 —-.1592 -.2151 .4370 .3482
1932 -.2807 -.3168 .0541 .1782 -.0878 L2337 .2818
1933 —.0447 -.0616 .0666 —-.2027 -.2187 .2607 .3512
1934 -.1339 -.3128 -.2802 .0505 .0916 .2736 .2844
1935 -—.2280 -.3020 .0389 -.1597 -.1818 .5913 .6687
1936 -.1780 -.2631 .1623 -.1885 -.1479 .3573 .3079
1937 -.1849 -.2950 -.0200 -.1314 -.0360 .2980 .3806
1938 -.0163 -.2326 -.0211 -.1521 -.1150 .3836 .3494
Mean -—-.2324 -.2175 .0299 —.1093 -.1126 .3544 .3716

A Principles of Education

B Psychology and Hygiene

C Special Method

D Educational Psychology or Histor”r of Education or
Comparative Education

E Educational System

E  Essay

G Practical Teaching
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The second factor divides the seven subjects into tv/o
groups, namely those dealing with the theory of education.
Principles of Education, Psychology and Hygiene, Educational
Psychology and Educational System” as contrasted with the
paper on Special ™'"ethod and the students’ ovm essays which
are closely related to the particular subjects they are
teaching. The simplest possible explanation is that this
second factor 1is a bipolar factor contrasting theory with
practice or one which contrasts general theory with the
knowledge of one specific subject. On the other hand, a
personal factor may be demonstrated here. It is possible
that the marks for Special Method, Essay and Teaching v/ere
given individually v/hile no examiner would stop to think
which candidate’s paper he was marking in the other subjects.
In Practical Teaching, the identity of the candidate is
obvious. A tutor who supervises the teaching practice of
a student usually marks his essay, lectures to him in
Special Method and also marks his examination paper in that
subject. Hence, there is the possibility of an examiner-
candidate relationship which is obscured as far as the other
subjects are concerned.

Figure IV, page 26, 1llustrates the factor pattern.
It shov/s the constancy of this pattern from year to year.

The complete isolation of Essay and Teaching from the other
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FIGURE IV

Gra—-ph to”sliow the Values of the Saturation Coefficients
Obtained by Analysing the Marks of Examination I

.81
1
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Essay — Practical Teaching =

Educational Psychology or History of Education or
Comparative Education —
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subjects in the second factor is remarkable. ' Special
Method tends to follow a parallel course at a lov/er level
except in 1934 and 1936. There seems to be no apparent
reason why the curves for Educational Psycholo”gy and
Educational System are nearly co-incident in their course.ll
From 1934 onwards, the lecturer (and examiner) in Educational
Psychology took over the Principles of Education course.
It is noticeable in the second factor that the graphs for
these two subjects do tend to converge during the last five
years. This may be due to the influence of the teacher.
Burt refers to this in the memorandum in which he has anal- ;
ysed Vernon”s correlation table. He states that "marked
linkages were introduced" under similar circumstances.

In Examination II, (see.,Table VI, page 28 and Figure V,
.page 29), the general factor has higher values for each
subject than in Examination I. This is probably due to the
fact that these candidates are, on an average, three years
younger than those of Examination I. Likewise, the stand-
ard of the papers of Examination II is lower than that of
Examination I. The greater values of the general factor
in Examination II is in accordance with Burt” s theory that
it decreases as the examinees become older. In the second
factor, the mathematical science, R, and the social scinece,

S, show constancy in the course they follow from year to year.
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TABLE VI

Table to show Saturation Coefficients Obtained by Analysis
of Correlations of Examination II in Table IV

lst Saturation Coefficients

Year P 0 R S

1951 .5699 .8426 .6139 .5820
1932 .8688 .9095 . 7325 .6087
1933 .7402 .8408 .8795 .6608
1934 .6971 .9025 .9359 .5448
1935 .0118 .8118 .8704 .4635
1956 .7790 .7878 .9501 . 7118
1937 .5315 .8813 .8798 .5374
1938 .8093 .9251 .8326 .5524
Mean .7010 .8627 .8376 .5827

2nd Saturation Coefficients

Year P 'R S

1931 102104 ..0199 -.0307 ..2156
1932 ..1656 -.1338 -.2219 .2924
1933 2756 - —.2424 -.2234 .2961
1934 -.1597 .0296 -.0515 .2519
1935 .1827 -.1839 -.090601 .2625
1936 L2425 -.2589 -.1557 .2300
1937 -.1801 .0114 -.1011 .3498
1938 -.1295 .1207 -.2120 .3074
Mean .0233 -.0797 -.1441 L2745

P organic science

Q 1norganic science

R mathematical science
S social science
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FIG-URE V

Graph to show the Values of.the Saturation Coefficients
Obtained hy Analysing the Marks of Examination II
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The mathematical science is the stumbling block of the exam-
ination. The lecturer shows great consideration to her
students and gives them ample opportunity for the explana-
tion of points which are not understood, and, as an examiner
she strives to obtain accuracy 1in marking her papers. It
is understood that the social science is marked by impres-
sion while the other subjects are marked by points for
divisions and sub-divisions of each question in the papers.
It is quite reasonable to accept this as an explanation of
the fact that the curves of both the saturation coeffic-
ients of subject S deviate from those of the other subjects.
This explanation makes the examiner’s foibles the cause of
the difference of the saturation coefficientrcurve. S 1s
a social subject vmthout a mathematical trend. In the
years 1932, 1933, 1935 and 1936, there is a link between it
and the organic science, P, which is the least mathematical
and the least abstract of the four subjects next after S.
All the time, it contrasts markedly with the subjects Q and
R, the inorganic and mathematical sciences. Q and R, how-
ever, do tend to shov/ a mutual linkage, in six out of the
eight years.

It was decided to test the stability of the factors,
and the wvalues for the sub-jects were correlated between the

years. These are given*in Tables VII and VIII, pages 31
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TABLE VII

Table to show Correlation Coefficients between the Saturation
Coefficients from Year to Year

EXAtVIINATION |

First Factor

1952 1933 1934 1935 1936 1937 1938

1931 L6111 .2421  .4411 .6875 .3727 .4104 .8004
1952 .6338 .5957  .5880 1465 .6298  .9037
1933 .4374  .1681 .2057 .3825 .6000
1934 -.0507 -.3422 .8285 .3811
1935 .7026  .0959 .7666
1936 -.2798  .3582
1937 .5239

Second Factor

1932 1933 1934 1935 1936 1937 1938

1931 .6024 .8814  .3447 .8606 .9031 .7581 .7899
1932 ' L7170 .7452  .8047 .7666 .8058 .6944
1933 .4581  .7830 .7953 .76l6  .6428
1934 L7472 .5823 .8237  .7481
1935 .9492  .9749 .9641
1936 .9261  .9201

1937 . 9421
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TABLB VIII

Table to show Correlation Coefficients between the Saturation
Coefficients from Year to Year

EXAMINATION IT

First Pactor

*1932 1933 1934 1935 1936 1937 1938

1931 .7606  .5165 .5821 .5437 .2253 .6953 .6390
1932 .4936" .5498 .5097 .0998 .3887 .8118
1933 .7963  .9994  .8462 .9267 .8453
1934 .9984 .60184 .9336 .8764
1935 .8287 .9331 .8536
1936 .6974 .5201
1937 .7087

Second Factor

1932 1933 1934 1935 1936 1937 1938

1931 L3073 .3356 .9837 .1e47 -.0126 .9227 .8223
1932 .9763  .4235 .9486 .9247 .1604 .6488
1933 .2107 .9821 .9895 .0297 .3316
1934 .2984 .1365 .8744 .8947
1935 .9852 .1872 .3375
1936 L0212 .2154

1937 ) .5632
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and 32. In Examination II, the general factor (except for

1932/1936) appears to be much more stable than in Examin-

ation I. On the other hand, in Examination I, the stability

of the second factor .seems to increase steadily while that
of Examination II fluctuates all the time. It is possible
that this trend towards a greater degree of stability is
due to the tardy acceptance by some of the examiners of the
restricted method of marking. In estimating the signifi-
cance of these results it must be remembered that "a factor
is primarily a principle of classification and nothing more:
it is expressed in quatitiative form simply because the
items, whose characteristic pattern constitutes the distin-
guishing mark of the class described by it, vary continu-
ously and in degree rather than discontinuously and in

kind.

"Burt, C. The Factorial Analysis of Ability. Ill, B.I.P.,
XXX, Oct. 1939. pp. 84 - 93.
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CHAPTER III

ANALYSIS OF VARIANCE BETWEEN TWO ESTIMATES OF MARKS FOR
A UNTW SITY EXAMINATION

Material

The marks for this section of the research were ob-
tained in the same way and under the same conditions as
those discussed in the last chapter. Briefly, they are the
marks of one paper of a university examination taken by men
and women at the end of a two-year course. To proceed to
the course, the student” must have matriculated. The exam-
ination includes three sets of marks, namely: college assess-
ment, marks awarded at a written examination and those of
the revising examiner. The amount of difference between
these sets of marks has been determined by analysing the
variance. It was found to be more convenient to divide up
the marks as follows:-

(i) Set A - men candidates from the colleges I, 1II,

III, IV and V, examiners X, Y and Z.

(ii) Set B - women candidates from the colleges VI,

VII, VIII, IX, X, XI, XII, XIII and XIV, examiners

S, T, U, V and W.
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Statistical Methods

The method adopted is that of Fisher”” and its appli-
cation to this work will be explained in a later section.
Tests and examinations are assumed to measure some capacity
of the individual tested. A test is considered as valid
if it measures the capacity for which it was designed. In
this research the aim is to examine the accuracy of measure-

ment of the ability of various individuals by an examination

and by another separate score. The individuals selected
are the examination candidates already mentioned. Two sets
of scores are complete; the third is incomplete. The first

set is called the college assessment and is understood to be
the mark given by the lecturer at the college attended by
the candidate in question. No information is available as
to the method of making the assessment. The examination
marks form the second set and those are independent of the
college marks. The papers of the candidates at any one
college have been marked by lecturers of other colleges.
The third set of marks are those of the revising examiner.
An examiner who is not one of the aforementioned lecturers
marks the border-line cases and some of the best and worst
papers picked at random, which explains why this set of

marks is not complete or independent. The examiners

AAFisher,> R.A. Statistical Methods for Research Workers.
Oliver & Boyd, London, 1932. p. 216, seq.
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marking the written papers often have in front of them the
assessment laid down by the college. By inquiry from in-
dividual examiners, it would appear that they are very seldom
influenced by those marks, since their attention is almost
wholly concentrated on the scripts. On the other hand,

the revising examiner might, on finding cases in which col-
lege assessments differed from the marks awarded at the
written examination, give a mark which would not always be

independent in the sense required by a statistician or a

psychologist.
Results

Calculations are made on the marks according to the
following groupings:

(@) As a whole

() Men and women separately

(c) Colleges separately

(d) Examiners separately

(¢) Per examiner per college

The calculations made for each grouping of marks are
the distribution, average mark and standard deviation. The
correlation between the college assessments and the marks

awarded at the written examination are also found.
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(@ and (b) The instructions given to the examiners
marking the written papers state the way in which the marks
should tend to be distributed. This distribution and the
actual distributions are shown in Figure 71, page 38. The
presented distribution has an average mark of 57.5 and a
standard deviation of 11.15. The adjacent diagrams show
the distributions of (a) the marks for all the candidates
taken as one group and (b) the marks for men and women
grouped separately. These distributions seem to approxi-
mate to that prescribed in the instructions. Table IX
gives the calculations made on the marks when grouped as
(a) and (b).

TABLE IX

Table to show Calculations on Groups (a) and (b)
Men & Men Women

Women only only

Coll. Asst. 59.94 61.68 59.57

Average Mark Examination 56.77 55.C5 57.57

Coll. Asst. 8.25 8.7C 7.75

Standard Deviation g - "i - tion 8.65 1C.25 7.75

Correlation between college
assessment & examination mark -497 -623 -431

The average mark of the whole group of candidates for
both the college assessment and that of the marks awarded
at the written examination is near enough to the specified

mean mark (57.5). The mean marks, however, of the men
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lecturers and. examiners diverge more than do those of the
women . On the other hand, the standard deviation of the
men examiners (10.25) is the only one that approaches the
specified value, (11.15). The correlations between the
college assessments and the marks awarded at the written
examination are significant; but it appears that the women
lecturers and examiners agree much less closely in their
marking than do the men. This sex difference will be dis-
cussed when the calculations for individual examiners are
considered.

(c) Colleges separately

Most of the distributions given in Figure VII, page 40,
are consistent with the notion that the underlying ability
is normally distributed. At the same time, the marks
awarded are consistent with the view that they belong to a
slice taken from the top end of a normal curve of distribu-
tion. In Set A, the two irregularities are the college
assessment curve of College III and the examiner’s mark
curve of College V both of which have more than one peak.
It should be noted that contrary to instructions, the lect-
urer puts the peak over B- in College II: and the examiner
for College V puts the peak over C-. In the college assess-
ment marks 6f College III, 11 candidates have been given A,

20 the mark B while 47 have C, a total of 78 candidates out
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FIGURE VII

Q-raph to show Distribution of Marks per College
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of 117. Here there is a marked disagreement between the
college assessment and the examineras marks. Evidently
the lecturer tends to give marks at the whole letters in-
stead of marks involving plus and minus. This will be
discussed in greater detail when individual examiners are
considered.

In Set B, most of the distribution curves seem to con-
verge to the normal curve; Colleges 711 and XIII are some-
what irregular in their college assessments while the exam-
ineras mark curves for Colleges VII, X, XI, XII and XIII
each have two very definite peaks. The reason for this
does not seem obvious except in the case of College XIII
where the marks are peaked over B and C, the examiner having
hesitated to use the plus and minus in the literal marking
scheme. The candidates in Colleges IX and X are found to
be below the general standard by their examiners as the
curves show a large proportion of their marks to be below'
the specified average of 57,5.

One other interesting point arises out of a considera-
tion of the college distributions, namely, the way in which
they affect the award of distinctions at one end of the
scale and failures at the other end. College III is a very
remarkable instance of the phenomenon. The lecturer gives
a mean mark of 61.45; he has 11 candidtaes, i.e. 9.4” marked

A and no mark lower than C-. At the same time 50% of his
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students are awarded more than the average mark, ranging
from A to O while of the other 50” below the average, 40%
are given 0 and the remainder have C-. The examiners give
a distribution of marks ranging from A- to E-h and the shape
of this curve is very similar to that of the instructed
distribution. The lecturer at College Y also gives his
students a higher range of marks than the examiners do.
This lecturer, however, does not claim any outstandingly
high marks for his students though his average mark is 8.85%
higher than that of the examiner. Colleges I, VIII, IX
and X also show a tendency to be more highly rated by their
lecturers than by their examiners.

A remarkable sex difference is brought out in these
distributions. The men lecturers in set A seem to spread
out their candidates much more boldly than the women lec-
turers do. This fact is supplemented by the low standard
deviation of College VIII, 5.55, and of College XII, 5.95.
In College VI, 129 marks out of a total of 132 are chosen
from the five grades betweenNB and C- whereas in theory ten
different grades could be used. The fact seems to be that
the untrained person marking by impression can distinguish
between those candidates who are just above average and

those who are just below average ; but he or she seldom stops

to distinguish between candidates of outstanding merit or
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de-merit towards either of the extremes. This is often
said to be characteristic of women examiners. They seem
afraid to commit themselves to a very high mark or to a very
low mark - partly perhaps, they fear criticism from the
revising examiner, but more probably because they feel
doubtful about deciding * the fate of a candidate unless they
are very sure of their ground. This is more noticeable

towards the failure end.

TABLE X

ETable to show Means and Standard Deviations of Marks
" for the Collegers "

College Assessment Examiner’s Mark
College
Mean Mark Standard Mean Mark Standard
Deviation Deviation
I 62.19 7.80 55.00 8.25
IT 60.85 9.02 58.72 9.65
IIT 61.45 10.25 54.49 11.10
Iv 58.08 9.70 56.92 9.75
v 59.49 6.35 50.64 8. 90
VI 58.87 6.10 59.70 6.30
vri 65.09 9.40 60.54 7.75
VIII 59.77 5.55 57.65 7.15
IX 58. 68 9.20 58.27 7.80
X 60.82 8.75 56.72 6.80
XI 58.87 6.45 57.16 7.20
XIT 58.04 5.95 59.35 7.80
XIII 58.59 7.50 60.00 8.75
XIV 60.29 7.25 59.49 7.25
Average 60.08 7.81 57.47 8.16
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Table X gives the mean marks and standard deviations of the
college assessments and the written examination.marks.
Several interesting points may be noted here. The college
lecturers differ a good deal amongst themselves about the
level they assign to their college, a range of 58.04 to 65.09
and every mean mark is above the instructed average of 57.5.
The examiners have a still wider range of average'marks, i.e.
50.64 to 60.54 but the mean of this range is 57.47, almost
the value of the specified average. College VII has the
highest mark in the written examination and also the highest
college assessment. Colleges I, III and V, however, which
have been given the.three lowest averages by the examiners,
have been awarded some of the highest averages in the college
assessments. The lack of agreement between the two sets of
average marks ,is adequately proved by the negligible, value
of the correlation between them, namely, .016.

A very significant feature may be noted in the standard
deviations. Although each value taken individually gives a
very narrow range, as a set, they vary considerably, 6.35 to
10.25 in the college assessments and 8.25 to 11.10 in the
written examination in set A while set B has a range of 5.55
to 9.40 and 6.30 to 8.75 for the college assessment and the
written examination respectively. College III is nearly

twice as heterogeneous as College VIII in college assessment
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though it is true that the written marks tend to agree in
the former case. College VII has a standard deviation for
lecturer’s marks which is almost twice as great as that for
College XII hut the written marks give the opposite wverdict.
The correlations between the college assessment and
the marks awarded at the v/ritten examination are given in
Table XI, below. They are all positive and statistically
significant, even those which have a marked difference in

the means of the varieties correlated.

TABLE XTI

Table to show Correlations between College Assessments and
Examiner’s Marks for Colleges

College No. in Correlation
College

I 48 .693
II 70 .748
IIT 117 .501
Iv 39 .711
v 39 .565
Mean 313 .644
VI 132 .534
VII 55 .634
VIII 87 .358
IX 171 .307
X 55 .491
XI 81 .406
XITI o 69 .504
XIII 32 .583
XIV 59 .563
Mean 751 .487
Mean of 1064 543

1 Total . —
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A sex difference is again apparent. Four of the
women’s colleges have correlations below .4, whereas in two
of the men’s colleges the correlations are above .7. This
point will be discussed later when the colleges are divided
up for each examiner. Some of the colleges are affected
by the heterogeneity of the groups which is reflected in the
standard deviations. The more homogeneous colleges should
have the lower correlations. Hence, the average of the
lecturer’s and examiner’s standard deviations was correlated
with the corresponding correlation. The values obtained
are .494 for men, .360 for women and .473 for the whole group
of candidates which might indicate that the women form a
more homogeneous group than the men.

(d) Examiners separately

This section deals with the pooled marks of each
examiner and the relationship of those marks to the college
assessment given. The distribution curves are given in
Figure VIII, page 47 where it will be seen that the curve
of Examiner Z is the only one that disagrees markedly with
that of the college assessment. Correspondingly, this is
the only case with a large difference between the two mean
marks, viz., 60.74 for the college assessment and 50.71 for
the examiner’s mark. Examiner V has an examination mean

mark of 54.37 while the college assessment is 60.96.
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TABLE XII

Table to show Means and Standard Deviations of Marks
- - - for Examiners

College Assessment Examiner's Mark
Examiner
Mean Mark Stagda?d Mean Mark Stagda;d
Deviation Deviation
X 61.25 8.41 57.25 9.26
Y 60.46 9.24 57.27 10.97
Z 60.74 9.92 50.71 9.06
Average 60.82 9.19 55.08 9.76
S 57.87 6.86 58.47 6.43
T 60.63 7.94 58.61 6.56
U 58.80 7.48 58.66 7.39
v 60.96 8.18 54 .37 9.01
W 58.66 8.12 57.40 6.80
Average 59.38 7.72 57.10 7.24
Average 2
of Total 59.9 8.27 56.59 8.18

The standard deviations are reasonably close in every case
but this is probably an artificial effect due to pooling
the different colleges.

The correlations between the college assessment and
the examiner's mark are given in Table XIII on page 49.
Owing to the unusual results obtained from the marks of the
candidates at College VIII, the correlations per examiner
were calculated both to include and to exclude this college,
In the case of the last five examiners, the second set of

values in each case are those calculated to exclude
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College VIII. It will be noted that these wvalues are higher
in each case. All these correlations are statistically
significant.

TABLE XIII

Table to show Correlations between College Assessments and
Examineras Mark per Examiner

No. in ,

Examiner Correlation
Group
X 100 .677
Y 108 .745
Z 105 .447
S 150 .266
133 4332
T 150 .609
133 .682
U 149 .241
132 .244
7 150 .295
133 .322
W 150 711
132 771

The differences in the values of the correlations are
amazing, and it would seem not unfair to say that only the
examiners X, Y, T and W are efficient. It is possible that
they allowed themselves to be guided by the college assess-
ments which were in front of them while they marked the
scripts. This is probably not true of Examiners T and W
for in the case of the correlations including College VIII

they do not seem to have been influenced by that college
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assessment nearly as much as Examiners U and V were influ-
enced.

(¢) Per Examiner per College

Some interesting facts which are hidden by the aver-
aging involved in Tables X and XI (pages 43 and 45) are
revealed in the distribution curves separated out for each
examiner in each college. These are given in Figure IX,
page 52. A mere glance at the curves shows that many of
the examiners do not agree with the college assessments
given, most of them find these to be too high. Striking
examples of this fact are seen in the curves listed in the

following table:-

TABLE XIV

Table to give Examples of Examiner's Disagreement with
College Assessment

Examiner College
X v
Y I, III
Z I, ITI, V
8 X
T VIII
U VII, IX

V = VII, IX, X, XI
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On the other hand, Examiner S finds the candidates bf College
VIII have been marked too low in their college assessment and
Examiner U thinks the same for the candidates of College XII,
XIIT and XIV. It was pointed out on page 49 that only '
Examiners X, Y, T and W are efficient. Table XIV endorses
this statement; Examiner W does not appear in it and Exam-
iner T only disagrees with the college assessment of College
VIII which has been criticised previously for its apparently
unreliable marking. In Table XV, page 53, the mean mark
for the college assessment in the men”s colleges is above
the instructed average (57.5) and it is only in College IV
that the average falls below the specified average for those
candidates examined by Y and Z. It will be noted that
while Y raises the average of the candidates he examines by
3.85%, Z lowers the average of his candidates by 3.45%.

The mean for the examination averages is below the specified
value. In the case of the women*s colleges, the average of
both those of the college assessment and those of the exam-
ination are above the instructed value. There are many
examples of wide discrepancies between these two averages.

In particular, Examiner V gives Colleges VII, IX, X and XIII
averages less than those of the college assessment by 6.43%,
13.25%, 9.28% and 5.56%, respectively. Examiner U is more

erratic still. She lowers the averages of Colleges VIII
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FIGURE IX
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TABLE XV

Table to show Means and Standard Deviations of Marks
-per Examiner per College

College Assessment Examiner’s Mark
College Examiner
Standard Standard
Mean Mark Deviation Mean Mark Deviation
71 8 59.60 9.58 61.60 6.30
T 59.24 5.85 58.91 6.20
U 57.42 5.65 59.85 5.80
W 58. 93 6.45 59.11 7.20 «
Y11 T 63.21 9.15 63.21 6.10 College Assessment Examiner’s Mark
U 63.85 9.40 59.62 4.15 College Examiner dard dard
v 67.14 8.20 60.71 5.90 Standar Standar
W 67.14 9.95 68.21 9.85 Mean Mark Deviation Mean Mark Deviation
Till 8 60.88 3.10 63.32 5.55
T 64.44 5.50 58.89 5.15 1 X 61.86 7.25 55.10 6.55
U 58.53 4.95 53.82 5.00 Y 62.50 9.95 58.44 9.45
v 60.29 5.55 57.06 6.65 4 62.19 5.85 50.94 5.40
W 59.44 4. 65 54. 94 6.30 11 X 60.90 7.95 59.80 7.90
IX 8 57.50 8.35 57.50 6.55 Y 60.75 10.40 54.00 12.05
T 60.05 9.60 55.98 6.90 111 Y 60.93 9.05 57.63 11.10
U 55.17 8.35 51.03 3.15 4 62.24 11.50 50.43 9.35
v 61. 97 9.45 48.72 8. 95 v X 65.77 10.35 61.92 7.90
W 56.25 7.60 54.11 8.20 Y 55.38 4.44 59.23 6.15
X 8 60.71 7.75 54.64 6.10 Z 53.07 8.20 49.62 10.05
T 62.86 9.20 59.29 5.36 v X 58.81 6.50 49.52 9.60
U 60.38 8.45 63.31 5.00 Z 60.28 5.65 51.94 8.15
v 59.64 8.50 50.36 3.95 Average 60,39 8.09 54.88 8.72
XI 8 55.00 7.60 54.76 5.85
U 59.75 6.00 60.50 5.20
v 59.00 5.35 55.00 8.20
w 58.10 6.95 58.50 7.75
X11 8 57.94 5.40 57.35 5.45
U 61.18 7.15 67.95 4.20
v 56.39 4. 90 56.94 6.85
w 56.76 6.15 55.29 6.95
X111 8 58.13 8.95 58.25 6.80
U 57.86 4.50 69.29 1.75
v . 60.56 8.15 55.00 8. 65
W 57.50 6.60 60.00 7.90
XIV 8 58.61 6.40 58.89 4.85
T 60.28 8.05 58.89 6.80
v 62.67 7.90 60.60 9.50
W 60.28 5.90 56.11 3.90
Average 59.86 7.04 58.37 6.18
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and IX by 4.71% and 4.14% but raises those of Colleges XII
and XIII by 6.77% and 11.43%, respectively. The correla-
tions between the averages of the college assessment and
those of the examination marks are .315 for men and .372 for
women. The former is not significant and the latter barely
significant for P * .02. The very low values of these
correlations prove that the examiners do not agree with the
ranges of marks given to the candidates by their lecturers.

Again the standard deviations vary considerably. of
the men, only Examiner Y tends to approach the specified
value except in the case of College IV (6.15) but in this
case the standard deviation for the college assessment also
is very low (4.44). Among the women. College VIII has low
standard deviations in both cases, though those of the
examination are slightly higher. Examiner U has produced
exceedingly low standard deviations for her examination
scores; the most remarkable are 4.15 for College VII, 3.15
for College IX, 4.20 for College XII and 1.75 for College
XIITI. Examiners V and W each have one low value, i.e., 3.95
for College X by V and 3,90 for College XIV by W.

The correlations for this section are given in Table
XVI, page 55. In Set A, only 3 correlations out of the 12
are not significant ; otherwise the values are satisfactory.
In Set B, 21 out of a total of 38 correlations are not sig-

nificant. Examiner S has 7 out of 8 not significant but
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TABLE XVI

Table to show Correlations between College Assessments and
Examineras Marks per Examiner per College

No, in

College Examiner Correlation
Group
VI ] 25 .449
T 46 .609
V) 33 .205
W 28 .768
VII T 14 .837
U 13
v 14 .263
14 . .
VIII ‘;-1\-’ %g sanflg College Examiner I(\;I‘.Z'ou;n Correlation
U 17 .482 I b'e 16 695
v 17 -.086 Y 16 _69920
X g 3}33 +191 Z 16 .447
S II X 50 .649
g ggl -658 Y 20 .854
Y .686
v 43 -211 T Z gg .4627
w 28 735 v X 13 .808
X s 14 .355 Y 13 .198
T 14 -884 Z 13 .785
U 15 .753 v X 21 .678
v 14 .052. 4 18 .552
XI S 21 .215
U 20 -.282 nd-
v 20 .429
w 20 726
XIT s 17 .407
u 17 .032
\'4 18 .749
w 17 747
XIII s 8 .849
u 7 ,260
v 9 .908
w 8 .839
XIV s 18 .489
T 18 740
v 15 776
w 18 726

llot’ "cQnijtcatdt’
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all are positive. Examiners T, U and V each have one
negative correlation. College VIII has all its correlations
not significant and two of these are negative. The corre-

lation of -,282 for Examiner U in College XI is twice its
probable error and therefore surprisingly high, although
not technically significant.

The next section deals with the analysis of variance
of the marks. The method used is that of Eisher”i” to which
reference has already been made. The fundamental assump-
tion underlying the analysis of college assessment and the
marks awarded at the written examination is that these are
comparable measures of the same ability or capacity of the
individual student. These measures are supposed to be more
or less valid estimates of the individual’s capacity in (or
knowledge of) the subject in question. An assessment or an
examination should differentiate between the candidates and
show them to be s significantly heterogeneous group. At the
same time, the men and women who mark the candidates should
form a homogeneous group and the sets of marks given by
them should not differentiate significantly between the
examiners.

The score of an individual in a particular application
of a test such as the college assessment and the written

examination, may" be expresse” as ;the sum of factors or

AAFisher, R.A.'loo, cit.. p. 56.
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components. Let the score of the t-th individual
in the u-th application of a test. Then y*t= ‘t Mut>
where u%l, 2, b=1]1., 2,..... n. A is a measure common to

all individuals irrespective of the trial under considera-
tion and is regarded as a constant, defined as the arith-
metic mean of the effects for all trials: B9 is a measure
of the trial effect and is also a constant ; Ct is a measure
of the individual effect, i.e., a measure of some capacity
of the individual measured by the test; is the error of
measuring by means of the test applied. Now is the
variance for examiners (V*) and if this wvalue is zero or
negligible then it may be concluded that there is no diff-
erence in the average mark assigned by the lecturer and by
the examiner, i.e., they mark with the same degree of
severity. If the results indicate that the variance for
examiners is not zero it may be concluded that there is a
significant difference between the average marks assigned by
the lecturer and examiner. This factor may not seem to be
important but actually it may make some difference to the
individual student concerned, for instnace, between pass
and failure or in obtaining a credit. If an examiner’s
mean mark and standard deviation are lower than that of the
lecturer, then a cnadidate assessed with, say A-, by the

lecturer, may have his mark reduced so that he now only has
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B or even B-. Likewise, a candidate who has been given,
say C- by the lecturer, may be reduced to D or D- if the
examiner’s standard deviation is greater than and his mean
mark less than those of the lecturer. Thus the first cand-
idate is given a pass instead of a distinction and the
second is failed by the examiner.

B”* is the variance for the candidates (Vg) and if this
is zero it may be seen that the whole set of marks can be
"explained” in terms of a constant factor plus a random
element - in other words, the marks would seem to bear no
relation to the ability of the individual concerned. It
may be that the marks assigned by the lecturer and examiner
are not measures of the same ability but this is improbable.
Even if this were the case, there would seem to be something
wrong with either the examination or the method of assigning
college assessments, and the net result would be the same.
As far as .the individual students are concerned, it would
seem that the authorities might as well assign the marks at
random. The other possibility is that the lecturer and (or)
the examiner are very inaccurate measuring instruments and
the marks are not measures of the ability of the individuals.
It may be, of course, that the examination itself was a poor
one and did not truly measure ability. If, on the other

hand, the wvariance is not zero, the marks bear some relation
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to the ability of the individuals concerned and may be used
in distinguishing between the individuals.
Now let be the variance between lecturer and examiner
vg 7 " " " candidates
" the residual variance
yi, yg be the means of the variables yit-, 72t

(t=='1,2,3,..**_n)
! y.. be the common mean of y,,t

Vi= HgC¥i - Zr Y
~2° - (71 + [ |
A3 [(?2t - + (2 - ¥1)/2]
Using this set of statistics and Fisher’s Z criterion””, the
significance of and Vg may now be determined. Let £4,
fg, fg denote the degrees of freedom and correspond to the
number of independent differences between the constants in
each case. The tests suggested by Eisher are:
(1) Z~-V 2 logg [*Vvs z
(ii) V 2 loge A AN[E2 'o-
It is easily seen'that;
fI* =u -1
f2 -n -1
fA- (u-1) (n - 1)
and the calculated and Zg which are measures of the homo-

geneity between examiners and the heterogeneity between

~“~Eisher, R.A. Statistical Methods for Research Workers.
Oliver & Boyd, London, 1932, p. 198 seq.
and Table pp. 250 - 53.



candidates can then he compared for significance with either
the 5% point or the 1% point given in the tables.

The Analysis of Variance for the marks per examiner
per college is performed:

(1) for college assessment and examination marks

(ii) for original and revised marks.

In each case it 1is desired to test:

(a) -the homogeneity of the groups of examiners when
the lecturer who gives the college assessment mark is con-
sidered as an examiner as well as the person who marks the
written examination paper.

(b) the heterogeneity of the groups of candidates.
These qualities are considered as the two initial require-
ments of a good examination procedure. If in the first
case is less than Z* of the tables, the group of examiners
is homogeneous; similarly, if Zg is greater than the corres-
ponding Zg in the tables, the group of candidates is hetero-
geneous.

(i) College Assessment and Examination Marks

The results of the analysis are given in Table XVH,,
pages .& - 67 (incl. ) and the tests of significance of the
qualities for each examiner in each college are given in
Table :XVIII, pages-68 and.69%"', The results indicate

that for some lecturers and examiners the measurements of
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ability are in agreement ; and the main errors would seem to
be due to the inaccuracies of marking either by the lect-
urer or by the examiner. Some important facts can be
gathered from the tables (pages 62 - 67 [incl.] and pages
68 '.and. @)..: . x* As the choice of employing the 5% or
the 1% significance criterion is a personal one, when the
calculated or Zg lies between the 5% and the 1% wvalues
in the tables, the Z in question will be counted as half
significant. The results of Table XVEII, pages 68 and.

69 are summarised in Table XIX, page 7Q, where the
number of times in which Z* and Z* are not significant is
given for each examiner and each college. From this table
it would appear that Examiner Z is the weakest among the
men examiners, while of the women examiners S and U are
very weak. Again Examiners X, Y, T and W stand out as
being the only efficient examiners. Of the colleges, II
and III have the most heterogeneous groups of candidates,
but College VI is the most satisfactory when judged on both
counts. College VIII is shown again to be unreliable

but in all possibility the error lies in the college assess-

ment as all the colleges had the same examination.
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TABLE XVII

Table to show Analysis of Variance for College Assessment
and Examiner’s Mark

College Examiner Source' of Sum of Degree of Mean
Variation Squares Freedom Square

I X Bet, examiners 312.5 1 312.5

” candidates 1350 15 90

Error 237.5 15 15.83

Total 1900 15 126.7
Y Bet. examiners 22.78 1 22.78

" candidates 2639 15 175.9

Error 153.7 15 10.25

Total 2815 15 187,7

Z Bell examiners 657.0 1 657.0
- = ” candidates 803.7 15 53.58
Error 292.5 15 19.50
Total 1753 15 116.9

II X Bet. examiners 30.25 1 30.25
” candidates 5725 49 116.8
Error 957.3 49 19.54

Total 6713 49 137.0

Y Bet, examiners 235.2 1 235.2
" candidates 4644 19 244 .4

Error 371.3 19 19.54
Total 5251 19 276.4

IIT Y Bet. examiners 47 .67 1 47 .67
” candidates 9467 58 113.2

Error 1850 58 31.89
Total 11365 58 195.9

Z Beh examiners 3021 1 3021

” candidates 8438 57 148.0
Error 3587 57 62.93

Total 15046 57 264.0

Kwv
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IV

VI

Examiner
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TABLE XVII

Source of
Variation

Bet. examiners
" candidates

Error

Total

Bet. examiners
” candidates

Error

Total

Bet. examiners
” candidates

Error.

Total

Bet. examiners
" candidates

Error

Total

Bet. examiners
" candidates

Error

Total

Bet. examiners
" candidates

Error

Total

Bet. examiners
" candidates

Error

Total

Bet. examiners
" candidates

Error

Total

Bet. examiners
” candidates

Error

Total

contd.

Sum of
Squares

96.15
1940
278.9
2315

252.3
374

330.1
956.5

11.12
2021
302.4
2334

1001
2639
786.9
4427

312.1
1480
463.9
2256

24 .50
1553
413

1971

2.44
2684
610.1
3296

37.88
1823
387.1
2248

.45
2308
312.1
2621

Degree of
Freedom

1
12
12
12

1
12
12
12

1
12
12
12

1
20
20
20

1
17
17
17

1
24
24
24

1
45
45
45

1
32
32
32

1
27
27
27

Mean
Square

96.

15

161.7

23.

24

192.9

252.3

31.
27.
79.

11.

17
51
71

12

168.4

25.

20

194.5

1001
132.0

39.

35

221.3

312.1

87.
27.

06
29

132.7

24.
63.
17.
82.

50
88
21
10

2.44

59.
.56

13

73.

37.
56.
.10
.26

12
70

.45
85.
11.
97.

64
25

88
98

50
56
07
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TABLE XVII contd.

College Examiner Source of Sum of Degree of Mean
Variation Squares Freedom Square
VII T Bet. examiners 0 1 0
" candidates 16167 13 1243
Error 200 13 15.38
Total 16368 13 1259
u Bet. examiners 508.6 1 508. 6
" candidates 888.5 12 74 .04
Error 503.8 12 41.99
Total 1901 12 158.4
v Bet. examiners 170.0 1 170.0
" candidates 961.6 13 73.97
Error 524.5 13 40.34
Total 1656 13 127.4
1 Bet. examiners 108.0 1 108.0
" candidates 2587 13 199.0
Error 229.5 13 17; 65
Total 2924 13 224 .9
VIII S Bet. examiners 567.5 1 567.5
" candidates 325.0 16 20.31
Error 248.5 16 15.53
Total 1150 16 71.88
T Bet. examiners 277.8 1 277.8
" candidates 672.2 17 33.66
Error 450.0 17 26.47
Total 1300 17 76.47
U Bet. examiners 212.5 1 212.5
" candidates 503.0 16 31.43
Error 250 16 15.63
Total 965.5 16 60.34
v Bet. examiners 12.97 1 12.97
” candidates 638.0 16 39.87
Error 748.5 16 46.78
Total 1399 16 87.47
1 Bet. examiners 200.7 1 200.7
" candidates 1056 17 62.13
Error 511.8 17 30.11

. Total 1769 17 104.0



College

IX

Examiner
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TABLE XVII

Source of
Variation

Bet. examiners
" candidates

Error

Total

Bet. examiners
" candidates

Error

Total

Bet. examiners
” candidates

Error

Total

Bet. examiners
" candidates

Error

Total

Bet. examiners
” candidates

Error

Total

Bet. examiners
” candidates

Error

Total

Bet. examiners
" candidates

Error

Total

Bet. examiners
” candidates

Error

Total

Bet. examiners
" candidates

Error

Total

oontd.

Sum of
Squares

0

2000
1375
3375

395.1
4813
1080
©288

269.4
1247
1068
2585

2872
4285
2986
10143

064.29
3048
485.7
2598

200.9
904.5
461.6
1567

89.29
1393
185.7
1668

34.62
1140
290.4
1465

378.9
740.5
527.6
1650

Degree of
Freedom

1
29
29
29

1
40
40
40

1
28
28
28

1
42
42
42

1
27
27
277

1
13
13
13

1
13
13
13

1
12
12
12

1
13
13
13

Mean
Square

0

68.97
47.41
116.4

395.1
120.3
27.00
157.2

269.4
44 .55
38.15
92.32

2872

102.0
71.10
241.5

64.29
112.9
17.99
133.3

200.9
©9.57
38.51
120.5

89.29
107.1
14.29
128.3

34.62
95.03
24. 20
122.1

378.9

56.95
40.59
126.9
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TABLE XVTI

Source of
Variation

Bet. examiners
" candidates

Error

Total

Bet. examiners
candidates

Error

Total

Bet. examiners
" candidates

Error

Total

Bet. examiners
" candidates

Error

Total

Bet. examiners
candidates

Error

Total

Bet. examiners
" candidates

Error

Total

Bet. examiners
" candidates

Error

Total

Bet. examiners
" candidates

Error

Total

oontd.

Sum of
Squares

.60
911.9
511.9
1424

.625
556.9
811.9
1369

48.40
1246
573.6
1868

.625
1887
311.9
2199

2.94
611.8
397.1
1012

389
605.9
573.3
1568

56.25
1067
231.2
1354

11.77
1378
263.2
1653

Degree of
Freedom

1
20
20
20

1
19
19
19

1
19
19
19

1
19
19
19

1
16
16
16

1
16
16
16

1
17
17
17

1
16
16
16

Mean
Square

.60
45.
25.
71.

60
60
20

.625

29.
42.

72

48.

65

98

31
73

.07

40

.56
30.
.29

19

.625

99.
le6.

31
41

115.8

2.94

38.
24 .
63.

389
37.
35.
98.

56

11.
86.
16.

24
82
24

87
85
02

.25
62.
13.
79.

75
60
67

77
12
45

103.3



College

XIIT

XIV

Examiner

-67-

TABLE XVII

Source of
Variation

Bet. examiners
" candidates

Error

Total N

Bet. examiners
" candidates

Error

Total

Bet. examiners
" candidates

Error

Total

Bet. examiners
" candidates

Error

Total

Bet. examiners
" candidates

Error

Total

Bet. examiners
” candidates

Error

Total

Bet. examiners
" candidates

Error

Total '

Bet. examiners
” candidates

Error

Total

oontd.

Sum of
Squares

1.563
885.9
110.9
998.4

457.1
96.43
67.86
621.4

46.72
1256
49.78
1353

25'
775
75

875

0
755.6
450.0
1206

6.25
1737
281.2
2024

0
1680
583
2263

25
880.6
150.0
1056

Degree of
Freedom

NNddBR

>

00 00 0 = (o) W) We ) W

NSd4dBR-

17
17

14
14
14

14
14
14

17
17
17

Mean
Square

1.563
126.6
15.85
142.6

457.1
16.07
11.31
103.6

46.72
157.1
6.222
168.1

25

110.7
10.71
125.0

0

44 .44
26.47
70.92

6.25

124.1
20.09
144.6

0

120.0
41 .64
161.6

25

51.80
8.824
62.09
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TABLE XVIIT

Table to show Tests of Simifioance Criterion

College Examiner Calculated Theoretical
Z Z
%1 %2 5 5A Ab
I X 1.49 .660 .757 1.08 .453 .650
Y .399 1.42 .757 1.08 .453 .650
Z 1.76 .506 .757 1.08 .453 .650
II X .219 .89%94 .700 .990 .265 .375
Y 1.25 1.26 .739 1.05 .374 .537
IIT Y .201 .816 .693 .978 .265 .375
Z 1.94 .428 .693 .978 .265 .375
Iv X .731  .970 .779 1.12 .494 712
Y 1.11 .051 .779 1.12 .494 712
Z .409 .948 .779 1.12 .494 712
v X 1.62 .605 .732 1.04 .360 .515
Z 1.22 .580 .746 1.06 .400 .1591
VT S .178 .656 .725 1.03 .343 .4098
T .858 .741 .700 .990 .265 .375
U 571 .775 .714 1.01 .318 .452
W 1.2 1.00 .717 1.01 .325 .463
VII T 0 2.20 .770 1.10 .479 .88
a 1.25 .284 .779 1.12 .494 .712
A% 1.87 .303 .770 1.10 .488 .689
W .906 1.21 .770 1.10 .488 .689
VIII 1.80 .134 .751 .07 .443 .634

.06 .434 .620
.07 .440 .630
.07 .443 .634
.06 .434 .620

1.16 .120 .746
1.31 .350 .751
.642 .080 .751
.949 .362 .747

S<aHdn’m
RRRKRRE
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TARLIT XVIII oontd.

Table to show Tests of Significance Criterion

College,

IX

XI

XII

XIII

XIV

Examiner

fS<cn E2<<gn Bccn <cHn =SH<<aAan

S <<dn

Calculated
Z1 %2
G 1.46
1.34 . 747
.977 .078
1.85 .180
.637 .918
.867 .336
.916 1.01
.179 .684
1.12 .170
1.88 .289
2.11 .189
.236 .422
1.63 .900
1.07 .216
1.19 .027
.710 .765
.167 .828
1.16 1.04
1.85 .176
1.01 1.61
1.58 1.17
0 1.68
.584 .710
0 2.88
.521 .885

5A

.716
.714
717
.714
.719

.770
.770
.789
.770

.735
.739
.739
.739

.751
.751
. 747
.751

.861
.895
.836
.861

.47
.763
.763
.47

Z1

Theoretical
Zo
1% 54
1.01 .321
1.01 .318
1.02 .329
1.01 .318
1.01 .329
1.10 .479
1.10 .479
1.12 .494
1.10 .479
1.05 .369
1.05 .374
1.05 .374
1.05 .374
1.07 .443
1.07 .443
1.06 .434
1.07 .443
1.25 .660
1.31 727
1.21 .618
1.25 .658
1.06 .434
1.09 .465
1.09 .465
1.06 .434

.457
.452
.463
.452
.469

.688
.688
.712
.688

.525
.537
.537
.537

.634
.634
.620
.634

.974
1.07
.898
.961

.620
.668
.668
.620
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TABLE XIX

Table to show Erequenoy of Non-Sia;nifioanoce of Z Criterion

No. of
Eamines No. of Calculated Z'’s Colleges
> 7~ of tables ¢ <.Zg of tables $ Examined
X 2 50 0 0 4
Y 1.5 38 1 25 4
Z 3 75 1 25 4
S 3.5 44 6 75 8
T 2.5 42 1.5 25 6
u N 5.5 69 6.5 83 8
v 3.5 44 5 63 8
W 4 'D 1 13 8
No. of
College Examiners
Examining
I 2 67 0.5 17 3
IT 1 50 0 0 2
ITT 1 50 0 0 2
TV 0.5 17 1 33 3
v 2 ;100 0.5 25 2
VT 1 25 0.5 13 4
VII 2.°5 63 2 50 4
VIII 3.5 70 2 40 5
IX 2.5 50 3.5 70 5
X 2 50 2.5 63 4
XI 2 50 2.5 65 4
XTI 11.5 58 2 50 4
XIIT 3 75 1 25 4
XIV 0 0 1.5 38 4
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(11) Original and Revised Examination Marks

The results of the analysis are given in Table XX*
page 72; and the tests of significance of the qualities for
each examiner are given in Table XXI, page 73. It will be
seen that there is no significant difference in the average

mark assigned by the first and the revising examiners as in

every case the calculated is less than the 5% value of
the tables. There is only one value of Zg which is not
significant. It is that of Ex"iner X whose Z lies
between the 5" and the 1% points in the Zg tables. It is

fair, then, to say that from the point of view of the first
and revising examiners the marks do bear some relation to
the ability of the individuals concerned.

Table XXII, page 73 shows the examiners arranged in
order of merit from three points of view:

(@) The ratio "Vvv"” be considered as a measure of
agreement between the first and revising examiners, the
least value of the ratio giving the greatest degree of
agreement.

(o) The greater the ratio the greater the diff-
erentiation between the candidates.

(0) Random fluctuation in marking may be measured by
the ratio where is the total of the sum of squares

or total variance. Thus the greatest extent to which the
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TABLE XX

Table to show Tests of Significance Criterion

Examiner Source of Sum of Degree of Mean
Variation Squares Freedom Square
X Between examiners 4.17 1 4.17
" candidates 2800 2 1400
Error 33.33 2 16.67
Total 2838 2 1419
Y Between examiners o 1.8 1 1.8
" candidates 7072 9 785.8
Error 82.7 9 9.13
Total 7156 9 794
Z Between examiners 2.25 1 2.25
” candidates 5291 7 755.8
Error 14.75 7 2.107
Total 5308 7 758.3
S Between examiners 40.04 1 40.04
" candidates 11593 11 1054
Error 126.5 11 11.50
Total 11760 11 1069
T Between examiners 18 1 18
" candidates 2817 3 939
Error o7 3 22.33
Total 2902 3 967.3
u . Between examiners 72,32 1 72,32
" candidates 4915 13 378.1
Error 265.2 13 20.40
Total 5253 13 404.1
\Y Between examiners 21.3 1 21.3
" candidates 15550 33 471.2
Error 244 .77 33 7.415
Total 15816 33 479.3
W Between examiners 5.063 1 5.063
" candidates 5152 7 736.0
Error 73.44 7 10.49
Total 5230 7 761.4
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TABLE XXI

Table to show Tests of Signiflcanoe Criterion

Examiner Calculated Theoretical

Aol Zp ~1 D

- ' 5% Ifo 57 1%
X .693 2.22 1.45 2.30 1.47 2.30
Y .812 2.23 .820 1.18 .590 .850
Z .033 2.94 .860 1.25 .670 . 980
S . 624 2.26 .790 1.13 .510 . 740
T .108 1.87 1.16 1.76 1.11 1.69
U .633 1.46 .770 1.10 .480 .690
vV .528 2.08 .710 1.01 .320 .450
W .364 2.13 .860 1.25 .670 .970

TABLE XXIT

Table to show Examiners Arranged in Order of Merit

Examiner )( A24v3 )(

Y .197 86.0 .0114
X .251 84.0 .0118
W .482 70.2 .0141
T .808 42.0 .0231
Z 1.07 359 .0028
\ 2.87 63.5 .0154
S 3.48 *91.7 .0108
U 3.55 18.5 .0507

examiners have been able to reduce random fluctuation 1is
assessed by the smallest value of

In this analysis of original and revised examination marks,
many of the conclusions already found regarding the examiners

are confirmed.
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(1) The men examiners (X, Y, Z) are, on the whole,
better examiners than the women.

(1i) Examiners X, Y, :T and W, when grouped'with'
either the lecturer who gives the college assessment or the
revising examiner, form the most homogeneous sub-groups.

(1i1) Examiner U is by far the most unsatisfactory

of all the examiners 1in every respect.
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CHAPTBR IV

ANALYSIS OF MARKS AWARDED TO CHILDREN WHO V/ERE EXATVIINED TvYICE

Problem

Until recently factor-analysis was generally applied to
correlations between persons rather than to correlations
between tests. In earlier investigations the number of
testees or candidates was generally much larger than the
number of tests and examinations; and, therefore, 1in the
interests of economy it was natural to begin by correlating
tests or examinations rather than candidates or testees.

The results of such an analysis yield factors of four diff-
erent types : first, one or more genreal factors ; secondly, a
number of group-factors or bipolar factors according to the
mathematical method employed; thirdly, specific factors each
peculiar to a single test or examination; and, fourthly,
error factors. With a single correlation matrix it is not
always possible to distinguish factors of all these different
types ; and in earlier work, owing to the small size of the
groups examined, only a single general factor was as a rule
significant.

These factors may be regarded as indicating the possible
structure of the tests or examination. If the factors are

identified with concrete mental abilities such as innate
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Intelligenoe, memory, verbal facility, and the like, then the
factor-variances show how much each of these abilities con-
tributes to the variance displayed by the correlated or
covariated sets of scores; and the factor-measurements yield
an estimate of the amount of intelligence, memory, verbal
facility, etc., presumably possessed by each examinee.

As Burt has pointed out, however, it is always possible
with any set of scores to start by correlating or covariating,
not tests or examinations, but testees or examinees. With
such a procedure approximately the same factors can be
demonstrated (exactly the same factors if certain condidtions
are fulfilled). Since, however, the number of persons
examined 1is usually far greater than the number of examina-
tions or tests, the task of correlating persons would as a
rule be much more formidable than the task of correlating
tests.

If, however, Burt’s reciprocity principle is accepted,
it is possible to reach the same results that would have
been obtained by correlating persons if the more usual
method of correlating tests had been used. It is true that
the existence of an exact reciprocity has been denied by
one or two writers, notably Thomson; but he seems now to
agree that even if the results of the two methods are not

exactly identical they will nevertheless be approximately

identical.
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The following analysis aims at measuring the factors
for the candidates examined and at determining the change,
if any, 1in their factor-measurements after the lapse of a
year. Since the examination is the "same" on both occasions,
i.e., that of 1937 and of 1938, the question papers of the
examination being designed, as far as is humanly possible,
to measure the same mental qualities and to have the same
standard, any change in the factor-measurements for persons
should measure some change in the mental content of each
individual concerned. Factor-measurements for individuals
as actually calculated by analysis depend very largely upon
the way the battery of tests is set up. It.is agreed that
intelligence as actually measured does change, for people
increase in their mental age. There 1is apparently no means
whereby factor-analysis can distinguish a mental age from a
mental ratio or I.Q. The I.Q,. in theory does not change.
Hence, any change in the factor-measurement for an individual
will probably measure the change in some quality other than
intelligence.

It is the purpose of this analysis to determine whether
there 1is (a) any change in the factor pattern, and, (b) any
change 1in the factor-measurements for persons who are entered
for the "same" examination on two occasions with an interval

of a year between the two examinations.
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Material

FEach child in the elementary schools in certain of the
counties 1is examined twice for promotion to the secondary
schools, i.e., at the age of 10+ and again at 11+. Some of
the most intelligent of these children may go to the second-
ary school after the first examination which means that those
who are left to take the examination for the second time form
a relatively homogeneous group. In a particular county,
the children are card-indexed with the marks for all subjects
for each of the two years. Out of some 2000 cards a random
sample of 100 pairs of such marks from examinations in 1937
and in 1938 has been used for analysis in this section of
the research. The subjects of the examination are arith-
metic, general intelligence and English. The average age
of the children was 11.6 at the time of the examination

in 1938.
Statistical Methods

Since it is required to test the stability of the
factor-pattern of the scores for each of the two years, the
raw marks of the children were correlated between subjects.
The matrix of correlations thus obtained for each year was

then analysed separately by Burt’s Weighted Summation Method.

~"~Burt, C. The Factors of the Mind. U. of L. Press, London,
1940. p. 467, seq.
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To measure the change in the factor-measurements of
each child after the lapse of a year, the first and second
factor-measurements for each of the 100 children for the
two years were computed by Burt’s method.To insure
that the tests are consistent the factor-measurements of the
tests were also correlated. To illustrate the use of the
statistical methods applied, the marks of 5 children only
were first analysed. The random selection of these children
was made as follows: first, the cards of the 100 children

were arranged numerically according to the numbers given to

them by the county card-indexing system. Then a colleague
was asked to name any five numbers between 1 and 100. These
were 15, 29, 47, 63 and 89. Finally the 15th, 29th, 47th,

63rd and 89th cards starting from the first of the pile of
cards already arranged as described above were taken out.

The marks on these cards were used for the preliminary

analyses of the stability of the factor-pattern and of the
investigation of the change, if any, 1in the factor-measure-
ments for each child. Having obtained satisfactory results

by the analyses of these children, the 5 cards were re-inserted
in the pile and the two separate analyses for each year were

made on the marks of the original 100 children.

~~Burt, 0. Correlations between Persons. B.J.P., XXVIII,
July 1937, pp. 59 - 96.



Results

(a) Tests

The correlations between the two sets of raw marks

are given below (1) for 5 children, (11) for 100 children
TABLE XXITII

Table to show Correlations of Marks

(1) 5 children

1937 1938
Intelligence English Intelligence English
Arithmetic .806 .828 .765 .659
Intelligence .844 .730
(1i1) 100 children
1937 1938
Intelligence English 1Intelligence English
Arithmetic .608 .595 .765 .730
Intelligence L7112 .659

The extraordinary similarity between the correlations
with (1) 5 children and (ii) 100 children in 1938 is almost
uncanny but is perfectly genuine. The value of .659 for
Arithmetic/English for the 5 children in 1938 is just below
the significance level for P = .1; all the others are

statistically significant.

The saturation coefficients obtained by the method of

weighted summation are given in Table XXIV, page 81.
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TABLE XXIV

Table to show Saturation Coefficients by Weighted Summation

(1) 5 children

Saturation 1937 1938
Coefficients 1 2 3 1 2 3
Arithmetic .9029 .1632 -.0834 .8473 —-.1740 .0793
Intelligence .9147 -.1278 -.0397 ..9123 -.0332 -.1089
English .9312 -.0347 .1186 .8174 .2243 .0803

—-(1i) 100 children

Saturation 1937 1938
Coefficients L 2 3 1 2 3
Arithmetic .8406 -.1299 .0107 .8455 —.1805 .0482
Intelligence .8516 -.1009 -.1342 .9061 -.0283 -.1165
English . 7466 .2612 .1268 .8188 .2193 .0775

There are some differences in the saturation coefficients
of the tests with five children only. They are: (i) smaller
values for the first, probably ’‘g’; (ii) the second which
shows antithesis between arithmetic and English in both
years links English with intelligence in 1937 and may be
considered as ‘v’ but it links arithmetic with intelligence
in 1938 when it” is probably a ’nuikber’ 'factor ; (iii) the
third saturation coefficient in 1937 is comparable to the
second in 1938, the latter having larger values, but the
third in 1938 links arithmetic and English and may be a
memory factor.

It is the results of the tests with the 100 children

that are important, those with five children only having
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been made for the purpose of comparison at a .later stage in
the research. With the 100 children there is a remarkable
correspondence between the saturation coefficients of the
two years shown in Table XXIV, page 8l. In all cases, the
signs are the same and the subjects keep the same order in
the size of their weightings. The first factor in both
cases gives the weightings of ’g’, the heaviest being that of
intelligence as would be expected, and the least, that of
English. The second factor is probably verbal, ’'v’, being
relatively larger for English and negative for arithmetic
and intelligence. The third factor is probably a memory,
'm’, factor as it is negative for intelligence, small and
positive for arithmetic and slightly larger and positive
for English.

Table XXV, page 83, gives the test factor-measurements
that are obtained by using Burt’s method.of correlations
between persons. Since a double-centred matrix has been
used, a general factor, v/hich might be identified with
general intelligence, has been eliminated. There are three
specific factors which can be represented by tow bipolar
factors. The first factor deals with the antithesis
between arithmetic and English and as the factor-measure-
ment for intelligence falls into line with that of English,

this may be called a verbal factor. The measurements of



the second factor for each year are alike in sign and order
of magnitude as they are in the first. The second factor
again shows antithesis between English and arithmetic but

as intelligence lines up with arithmetic, in this case the
factor is probably a numerical one. The remarkable simil-
arity between the test factor-measurements for the two years
shows that the tests themselves are measuring the same
mental qualities each year and that related to each other,
subject for subject, the examinations are accurate

instruments.

TABLE XXV

Table to show Test Factor-Measurements

Test Factor 1937 1938
Measurement

Arithmetic -.8158 .0339 -.7842 L2272
Intelligence L4373 .6895 .5889 .5655
English .3785 -.7234 .1953 -.7928

The two sets of raw marks for each of the three
subjects were correlated to obtain a measure of reliabi-
lity of the tests themselves. The correlation coefficients
are as follows: Arithmetic, .691, Intelligence, .787 and

English, .798.



(b) Persons

The test factor—-measurements (E§== Lb, according to
Burt’s notation) which were used in section (a) for the
purpose of showing agreement between the tests are the
direction cosines obtained in the process of computing the
factor-measurements for persons. The marks for both years
were,dealt with and Table XXVI, page 85, gives the two factor
measurements (P") for each of the 100 children for both
years.

The correlation between the first factor-measurements
for the years 1937 and 1938 is .396 and that of the second
factor-measurement 1is .375. The values are significant
for the level P = .01 when n - 100. This significance of
the correlations between corresponding factor-measurements
for persons of the two years shows, in general, that the
children did not alter relatively 1in their test results
after the lapse of a year. At the same time, there are 49
children who have a change of sign in one of their factor-
measurements and 11 children who have the sign changed for
both factor-measurements. Hence, though the correlations
between the factor-measurements are significant for the
group, nearly 507 of the children show a change in some

mental quality or qualities and about 10% of them change
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TABLE XXVT
Children . 37 1933
Firs .
t Second First second
1 .0356 -
2 .0396 gggg -0235 .1383
3 ~ 0495 _’1182 -0632 .2021
4 - 0356 0508 -0377 -.0816
5 ~'1379 "0320 _-8233 -.0887
6 -.1586  -.0466 vy ool
7 0397 -loaze  _iiise 3630
8 l0851 o674 _lojee il
9 -10604 1575 loane oAl
10 -.0857 12480 Toas -1525
11 - : -.1025 .0108
.1757 .0030 —.0865
12 0820 -.0456 "052 -+ 1959
13 -.0437 .0917 -'120§ 0ers
14 ~10816 J0618 ‘o142 -0320
15 .1194 _.0318 2862 -0567
16 -.1045  -.0820 : <1593
17 ~"0270 " 0260 -.1403 .0002
18 : : -0701 -.0462
.0451 -.0433 1153
19 _ . L1772
.0369 .0023 .1134 03
20 -.0284  -.0225  -.0360 Oase
21 - 0113 0721 _ -.0496
22 -0216 .0071
L1197 .3160 0522 067
23 -.0334 1315 -.0810 I
24 -.0284  -!0225 : -0036
25 .0035 -.0780
-.0445 .0271 -.0451 ~.1312
26 .1955 .0443 -.0898 1987
27 .2699 .0558 -.0125 0887
e -.2076  -.1652  -12159  -.0210
29 .0977 .1880 -.0863 10285
gg -.1550 .0825 1061 = 0032
s L1117 .0253 ~.0396 - 0638
-.0563 -.0288  -.1080 ~.0566
33 - .
-1027 -.0340 -.0252 ~.0071
3 -1032 .0501 12159 10210
35 -.0293 -.0548 .2033 0175
36 -.0576 -.0773 .0845 ~los1s
37 -.0550 0196 -.0379 028
38 L0712 -.1015 " 0504 0141
59 ~.1460 L0739 -.0377 .0816
40 -.0343 .0992 :
a1 .0631 .1099
-.0238 -.1926 .1259 -.0569
42 .1420 -.2192 .0665 -.0604
43 0266 -.0421 10862  -.1207
44 -.0374 -.0138 .0504 .0414,
45 .0338  -.1153 L2571 -.1386
46 -.0590 -.1257 .1079 -10356
47 .0658 .0363 -.0539 .0639
48 -.0838  -.0190 .1240 -.1101
49 .0270 -.0260 -.0127 -.0957
50 .0207 .0796 .0522 .0673
51 .0748 .0276 .0774 .0744
52 -.0635 0444  -.0448 .1455
53 -.2186 .1270 -.0611 .0355
54 .0878 .1643 .0144 .0567
55 .2316 .0097 .0252 .0071
56 -.0825 .0295 -.0523 -.1595
57 .1564  -.0341 -.0200 -.2163
58 -.0684  -.1332 -.0234 -.0461
59 .0477 .0536 -.1258 .1491
60 .1451 -.1062 .0666 .0318
61 -.0216 -.1119 .0161 -.0745
62 .2685 .0074 L0701 -.0462
63 -.0955 -.1072 -.1530 -.0956
64 .0055 -.1378 .1045 .1345
65 -.1212 -.0328 -.1260 -.0353
66 -.0681 2146  -.2698 .0429
67 -.0013 -.0484 -.0037 -.1064
68 -.1131 -.0738 -.0702 ~.0460
69 .0182  -.3489 -.0865 -.1559
70 .0563 .0288 -.0162 -.0177
7 -.0013 -.0484 .1007 -.0640
72 .0838 .0190 -.0163 -.1099
73 -.1077 .1200 -.0558 .0107
74 .0838 .0190 -.0700 .1384
75 -.0794 .1425 -.0198 -.0319
76 .0134 .1529 -.0287 .0710
77 .0418 .1753 -.0502 .1703
78 .1762 L0132 -.0072 -.0284
79 .1144 .1222 -.0754 .1632
80 .0748 .0276 .0558 .0815
81 .0653 .0202 .0665 -.0604
82 .1199 -.0156 .1276 -.0959
83 .0361 -.0346 -.1132 .1526
84 -.0297 -.0709 .1458 .0672
85 -.0392 -.0784 -.0503 .0781
86 .0897 -.1027 .1295 -.0427
87 -.0202 -.0634 .0467 -.0923
88 -.0365 L0187 .0577 .1347
89 .0627 -.0767 -.0128 -.1880
90 .0653 .0202  -.0485 .1313
91 -.1469 ;0416  -.1312 .0817
92 -.0293 -.0548 -.0542 -.2127
93 -.0068 .0894 -.0611 .0355
94 L1113 .0092 .0882 .0247
95 .1068 -.1523 ,0774 .0744
96 .1190 -.0479 ;1601 -.0605
97 -.1856 -.0207 -.0826 .1349
98 -.0996 .0791 -.1024 .1030
99 -.0640 .0283 .2302 -.1067

100 .0081 -.0410 -.0990 —.0673
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in still more mental qualities. Since it 1is not possible
to determine these qualities, nor the direction of the
change, it cannot be said whether the children in question
profit by another year’s schooling.

This chapter is not complete unless the test factor-
measurements and the factor-measurements for the five
children for both years are recorded. These are given in
Tables XXVII and XXVIII*

TABLE XVIT

.Table to show Test Eactor-Measurements for the 5 Children
for both Years

Test Factor

Measurement 1937 1938

Arithmetic .7964 -.1800 -.56048 .5897
Intelligence -.5541 -.5997 -.2283 -.7839
English -.2423 .7797 L7931 .1942

These test factor-measurements agree in sign with the second
and third saturation coefficients of Table XXIV (i), p. 81,
and in order of weighting with one exception in each year.
TABLE XXVIII
Table to show Eactor-Measurements for Each Child

Factor—-Measurements for Children

Year
(a) ) (c) (d) (e)
1937 .058286 -.705303 -.029110 -.029176 . 705303
(ii) -.080995 -.004987 .744100 -.663103 .004987

1938 (1) —.545485 .053608 0404108 -.474208 .559978
(ii) -.484848 .753387 .002127 .148125 -.418791
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CHAPTER V

CONCLUSION

The conolusions to each of the parts of the research

will be summed up under separate headings .

(a)

I. Some of the Effects Caused by Marking in Accordance
with a Normal Distribution
A 'factor pattern is produced which is fairly constant
from year to year.
There 1s evidence that the enjoining of examiners to
mark their papers in accordance with a normal distribu-
tion produces:
(1) curves which approximate to the normal
distribution curve,
(11) averages which are fairly constant among the
various subjects and also from year to year,
(1ii) smaller fluctuations of the standard
deviation.
Examination I, the subjects of which are Principles cf
Education, Psychology and Hygiene, Special Method,
Educational Psychology, Educational System, Essay and
Practical- Teaching, is confined to post-graduate cand-
idates. It yields figures v/hich show that its cand-

idates f#rm a more homogeneous group than do those of



Examination II whose candidates are in their first year
of college life and the subjects of which are Inorganic,
Organic, Mathematical and Social Sciences.

(d) (1) The general factor in the sense of the factor
which contributes most to the variance may be
roughly identified with general intelligence.

(11) The contribution of this general factor is smaller
with the post-graduate candidates of Examination 1.
* (iii) The other factors of Examination 1 make a greater
contribution to the wvariance than do those of the
undergraduate candidates of Examination 11.
11. Analysis of Variance between Tv;o Estimates of Marks
for a University Examination

(@) There appears to be a general tendency for a lecturer

who is attached to the same college as the candidates:

(1) to be more generous in his marking of them than

another examiner who 1is not attached to the same
college as the candidates,

(11) to be more reluctant to award low marks which
entail failures because he or she would have ad-
vised candidates expected to fail to withdraw,

(1iii) to be less accurate than the person marking the
written examination if Jjudged by the standards

of the revising examiner.
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due to the way in which the women are examined or taught.
Possibly it is due to the fact that women as a group
are more homogeneous than men as a group.

(f) The individual differenzes in accuracy among the college
lecturers is very noticeable in Colleges 111 and IX but
less so in Colleges 1, ¥11 and X. On the other hand,
according to Examiner Y for College 1¥, Examiner S for
College ¥111 and Examiner U for Colleges X, X1l and X111,
the lecturers have been excessively diffident and have
awarded an insufficient number of high marks.

(g0 The analysis of the results of these examinations shows
clearly that .the difference in efficiency between
examiners 1is larger than might have been expected.

111. Analysis of Marks Awarded to Children Who Were
Examined Tv/ice
(a) (i) The general factor, which may be identified with
intelligence in 1937 and in 1938, contributes
approximately the same wvalues to the variance
each year.
(i1) The two group-factors on both occasions can each
be identified with memory and verbal ability
respectively, and the factor saturations of the

tests remain approxiraately the same.



(1)

(11)
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Considering the whole group, the correlations
between the corresponding factor-measurements for
individuals are low but statistically significant,
There 1is a change of sign in both the factor-

measurements of 10" of the individuals.
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APPENDIX

TWO ALTERNATIVE METHODS TO OBTAIN FACTOR MEASUREMENTS
OF PERSONS

Problem and Material

Two methods’ for solving the equations the coefficients
in which the unknown quantities form a double-centred matrix,
were tried out. The purpose of these analyses is to show
the agreement of the results with those obtained by Burt”s
method used in Chapter IV and described by him in his
article entitled "Correlations between Persons" to which
reference has already been made. To avoid,making the
enormous number of computations necessitated by analyses
with 100 persons, the marks of the 5 children who were
picked at random for use in Chapter IV, were used again for
the analyses now to be described. It is understood that
these methods are original and not yet published. They
will, therefore, be described in full as they were used to
compute the results. The actual figures used in the

computations will be given in so far as they are relevant.
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A. The K-Method for Solving Characteristic Equations with
Multiple Latent Roots

This method was worked out by the author of this
research in collaboration with a colleague”™”. It expresses
the five factor-measurements for each of the five children
in terms of two quantities, k7 and k”. The existence of
quantities like k* and kg is due to the fact that the matrix
M™M has a triple zero latent .root. The number of quantities
k* and kg (in this case two) 1is equal to the number of non-
zero roots of M"M.

The working of this method is most easily explained by
applying it to find the factor-measurements of the matrix
M*M, i.e., the product sums for the columns of the matrix M
(below) . The original marks, expressed as a deviation from
the mean mark per test and per person are:-

Person Arithmetic 1Intelligence English

M~ (a) -1 0 1
(o) 10 -7 m '’
(0) 2 5 =7
(d) -1 -5 6
(e) -10 7 3
Person (a) (o) (0) (d) (e)
- mm. (a) 2 -13 -9 7 13
(o) -13 158 6 7 -158
(c) -9 6 78 —69 -6
U) 7 7 -69 62 =7
(e) 13 -158 —6 =7 158
Head, I.W. & .The K-Method for Solving Characteristic

Harwood, M.K.B. Equations with Multiple “atent Aoots. 1942.
Vibration Dept., de Havilland Aircraft Co. Ltd.
Stag Lane, Edgware, Mdx. (Unpublished)
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Let pj, , ~i. Si, tir be the solutions
(2-AMp. - - Or. t 7s 13t." 0
~13pt 4 (158-&) 9" a 04 4 7s 158t"= 0
-9p" a 6qJ 4 (78-Au)r. - 69s ot™= 0 2
7ol a - 694 + (62-3%)s 7¢~ -0 (Al
13P1i - 158g” - orJd 7s

p"4-r”" -t -s”"+-1
It is required to find the p’s and g’s corresponding to non-
zero latent roots. Since the rank of the above five-fold
matrix is only 2, the columns of the matrix can be expressed
in terms of any two columns. Taking the first two columns,

the equations [B] are constructed:

2k. - 13k
-13kt 4- 158k
-9kt 4- 6k [B]
3 4- 7k

|- 13kj; - 158k

Substituting these values in [A],

2(2k2 — 13kg) — 13(—13k] 4-158kg) — 9(—%] 4- 6kg) 4
7 (4 - Tkg) +-13(13ki - 158kg) = Aj"(2kj - 13kq)
etc. [C]

k: (S® 4- 13~ 4" .. 4 7™ 4- 137 4- 2Aj*) .-

kg[2(-13) - 13.158 - 9.6 4 7.7 + 13(-158) 4 13A"] =0
and (472 - 2A.)kn 4- (-4139 4- 13Ai)kg = O"
(-4139 4- 13Ai)ki 4 (50182 -158A< )ko =0
(=1359 + 9Ai)ki 4. (1998 - 6A1l)kg = 04 [D]
(887 — TAi)ki: (. (2141 - 7A1 )Ykg =0
m (4139 - 13A)") ki 4- (-50182 - 158A3")kg =o0j

when A =A "
On expanding the determinant M’'M in powers of A in terms of

the sums of the principal minors, the characteristic equation
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for Rp is:
-A® + 45aX® - 44589A 4-0 =0

whence A = 0, 317.61151 and 140.38849

When \ » 317.61151, 1is substituted in [D],
— -.0615743kg
This gives: -13.1231486kg

158.8004659kg
6.5541687kg
6.5689799kg
tf = -158.8004659kg

and using 4 s| 4 2

.~ .058286
-.705303
~.029110
. -.029176
j. .705303

> +Hh
I

p
S|
v
S
t

By the same process when A" = Ag » 140.38849

12.10078kg
and Pg = -.080996
gqg - —.004988
ro — . 744099
So = -.663103
to = .004988

B. On an "Escalator" Method for the Numerical Solution of
Lagrangian Frequency Equations

The second method, which was evolved jointly by Morris and

Head™"” will be referred to as the "Escalator" Method.

17Morris J. On an "EscgJator" Methed for,%pe,Numeiicii,éplu:,
& Head, YEW. tion of Lagrangian %%equeﬁdy quations o be
published in Aircraft Engineering.



Consider the equations:

(ail " A aigY 4 ai®z = 0 e . e . (1)

aigX +o ( Ny A23% ~ 0 e F e e (if)

aigX 4 Ug”y 4 (a™g - A)z =0 (1idi)
There are three values "i> Ag > of A for which these are
consistent. Only the ratios of x:y:z are determinate for

these values of A, hut a set of values of x, y, z which at
the same time satisfies both the above equations and also
the equation x4 y*~ 4 z* - 1 will be referredtoas a
"rectified set’. There 1is auniquerectified setcorres-
ponding to the wvalue Ai which will be denoted by (xi, vyi, Zi)
(1=1, 2, 3 1if (Xi, -yi, -Z2i) and &% Y, Zi) are
regarded as the same set. The object of the Escalator
method is to obtain A X i , vyi, Zi for the equations:

(ail - A) x+ a“gy= 0?
aigx + (agg - A)y = O]

Suppose that [B] are'consistent when A = or
and that Ti are'the rectified set corresponding, (that
is %i, satisfy [B] and X| 4 Yi = 1 when A- -Ai), then it

can be proved that

X3X)4-YiYj = 0 when 1~ J

o

Vi

D
X 4 x| ' 1 cDl
Y| + Y| =1
Now let A" % M2.37 £ UggYi

22=+13"2 m 02372
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Multiply (i) by and (ii) by and add
and -A) (X*"x +Y%) + P*z = 0 from [B]
Multiply (i) by Xg and (ii) by Yg and add
and (Ag - A) (XgX 4- Ygy) + PgZ - 0
Piz
[C]

PgZz
XgX+ Ygy =

Next multiply [C] by X*Xg and add and from [D]

Substituting in (iii)
33 ~ Az > Azl A
and E(A) = agg + M. AM 0
This last equation is the same as the determinant of the
equations (i), (ii) and (iii) but is in a much more con-

venient form for computation.

To obtain a rectified set it 1is noted that

o . R3 T

is obtained by direct squaring and adding and using [D].



+ "A3A")"~ T Taf\ quantity is used

in the method described by Manley for the approximation to

the solution of a numerical equation”™”.

Having obtained the rectified sets x*, y%, corres-
ponding toV\ = (i1 * 1, 2, 3) the equations:
(ail ™ " ~igy 4 a”“gzZz 4 a*"u » 0, etc.,

can be solved in a similar manner, obtaining the solution:

PizZi
PiYi
Yy -~ K I ~
NN
z N -us
where P"=" ~I47~1 "™ ~24~1 N34 A is a root of

7 ¢ ~ 7 ¢ ~ ~ ~44-A,

and so on.
The actual computations made to obtain the factor-
measurements of the five children already mentioned will

now be given to demonstrate the use of the Escalator Method.

“"%anley, R.G. Fundamentals of Vibration Study. Chapman &
Hall, London, 1942.' p. 118.
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The matrix M'M, i.e., the product sums for the columns of

the matrix M (see p. 93) 1is used.

Person (a) (b) (c) (d) (e)
1
R = MM, (a) 2 -13 1 -91 7! 13
P (b) -13 1587 6" 71 -158
(o) -9 ! 6 78 -69 "' -6
(d) 7 7 -69 62 1 -7
(e) 13 -158 -6 -7" 158
2nd Order
Horm quadratic from top left-hand corner (2 columns and 2
TOWS)
(2 - A) (158 - A) = (-13)"
whence A = 159.0759, .9241
Using A. = 159.0759 in (2 - A)p - 13q - O
1 -13p 4 (158 - A)gq = 0 [A]
P*"4 gr%=1
082480r.
.996595r:
Using Ag .9241 in [A], P2 = .996593rg
.082480r,,
2
Vi"g = n (see page 100)
3rd Order
(using 3 columns and 3 rows, top left-hand corner)
—9pi 4 6g° = 6.721878, 45.183644
P>2— -9p,, + 6qg . -8.474457, Pg » 71.816421
Check
P-iPn + PoPp should » -9, actual value = -9.000005
plgl+ Plqgl " = 6 " " = 6.000003
Equation 2 - A -13 -9
-13 158 - A 6 * 0 is the same as
-9 6 78 - A
6.721878" . (—8.474457)" _ a2 a

1'59.075'9 - x ~ L9211'- A !
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Approximations (a) to of 3rd order
a 0 160 159.3943 159.5308 159.6140 159.6319
An - a 159.0759 -.9241 -.3184 -.4549 -.5381 -.5560
- a .9241 -.159.0759 -.158.4702 - 158.6067 -158.6899 -158.7079
78 - a 78 -82 -81.3943 -81.5308 -81.6140 -81.6319
- a) .284038 -48.894755 -141.905429 -99.326542 -83.968860 -81.265546
10 i, - a) 77.714988 -. 451460. -.453185 -.452795 -.452558 -.452507
-a .000794 -32.653785 60.967314 18.248537 2.807418 .086153
p2 N .001785 52.910675 445.692502 218.348080 156.046942 146.161053
- a)™ 84.098028 .002838 .002859 .002854 .002851 .002581
A 85.099813 53.913513 446.695161 219.350934 157.049793 147.163904
Vis .000011 -.6057 .1365 .0852 .0179 .0006

A

I = gradient and is added to last value of a to get new a
I*— —a)"-l— _a)n+ A
0
159
zr 578..:5675 (by similar method)

Pl= [- AqAq " A202  Ir- - 9.142739r,
iAi - A)AA - XWiji MA = 9.824956
) m 19 .714271rmJ
I . -1.049297rr
pl: Alai i2=12.118125
~2= [ iaa - x1vpi - vL' =12.0311E7rJ
;::08?”v/is= 1-009411
Check pl ql-+ r? = |3 Note - PAPi, ~1'1l>

in brackets are

N ~ ' '“ ~ taken from pre-
3 3 3N "3 vious order.

p I+ q: 4-rr I3 g

159.6325

-.5566
-158.7084

-81.6325

-81.177944
-.452505
-.002051
145.846108

.002581

146.848959
.00001
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4th Order
P- ~ —-#000100 (to be neglected from now on)
rg =, .'649672, P| = .482074
Pg= -69.703504, Pg = 4858.578470
Check
should® 7, actual wvalue * 6.999992
"2 13
~"272 B33 m tt T - 6
172 'A3
A2%2 2383 T _ . W T
'/\2
Equation -A -13 -9 7
13 158 - A 6 7 =0
-9 6 78 - A -69
7 7 -69 62 - A

By similar approximations as in 3rd order:

0
140.3564
159.64365
11674880 = -4.958383s,
= .069054Sp 57.926348s:
| -1.1167488g 3.958544s:
1.505166 §, = 58.281458
5th Order
P = -6.439369, F1 41.465473
Pg= -158.670931, 25176.464344

~3
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Equation 2 =X -13 -9 7 13
-13 158 - X 6 7 "158
-9 6 78 - X -69 -6 =0
7 7 -69 62 —A —7
13 -158 -6 -7 158 - X

25176.4064344

is the same as 'oArg X
By similar approximations as in 3rd order:
~ =0
= 317.61129
Ag : 140.38854
p = ..082367tg p- = -16.241454t"
, —.999998t2 gr = -1.001568t"
= -.041269t,, = 149.210821t3
s% = -.041370t" Sg=-132.969313tg
/3 = 1.417830 200.525618
By using the equation p” + o® M s+ tr - 1

the values of p, g, r, s and t are determined : thejr are given

in the table below.
TABLE XXIX
Table to show Eaotor-Measurements for 5 Children as Determined
by the Three Different Methods

Method Fact or-Measurement s

Burt’s .058286 -.705303 -.029110 -.029176 .705303
(ii) -.08099%6 -.004987 .744100 -.663103 .004987

(1) .058286 -.705303 -.029110 =-.029176 .705303
(ii) -.080996 -.004988 .744099 -.663103 .004988

(1) .058284 -.705302 -.029107 -.029178 .705303

Bscalator ;) -.080999 -.004989 .744099 -.663104 .004987



-103-

Table gUXx gives the factor-measurements for each of the
five children as obtained by the three different methods of
computation. It will be noted that the agreement is perfect
for five significant figures. , It*is not intended to claim
that any one of these methods is better than either of the
other two. Experience in another field of reserach, which
must not be disclosed by reason of the Official Secrets Act,
has shown that when the number of equations to be solved is *
six or more, the time and labour necessitated by the expan-
sion of the determinant formed by the coefficients of the
unknown quantities of the equations, are cut down enormous]y
by use of the Escalator method. It is understood that such
exponents of the use and application of matrix algebra as
Duncan and Collar, have admitted the superiority of the

Escalator method in this respect.



