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PREFACE

HE research described in the following pages was
carried out at the Psychological Laboratory of
University College, London. |ts aim—a psycho-

logical study of what has been called ' mechanical ability '
or the 'mechanical sense '—divides naturally into two
parts, viz. (i) a qualitive and concerning the psycho-
logical nature of this "ability\ and (2) a quantitative
one concerning the way in which it may be rightly said
to exist and be measured.

The former—qualitative—part of the problem has
involved the introspective analysis of a variety of tests.
My best thanks are due to all who have been good enough
to undergo the tests for this purpose, and especialy to
Mr. J. C. Flugel, Mr. H. S. Perera, and Dr. LI Wynn
Jones for their very full and helpful introspections.

To pursue the quantitative side of the problem it was
necessary to give the tests to a large number of subjects,
both trained and untrained in engineering work. Here |
would tender thanks to Mr. F. Charles, Head Master of
the Day School, City of London College, for permission
to carry out some of the earlier work at his school; to
the L.C.C. Education Committee and to Mr. W. H. A.
Dockerill, Head Master of the Kenmont Gardens L.C.C.
(Boys) School, for similar permission to give the tests to
pupils of the latter school. | have aso to thank Mr.
Dockerill and his staff for much valuable information
regarding their pupils. The final experiments were
carried out at the Boys' Wing School, R.A.F., Cranwell,
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by the kind permission and arrangement of Colonel I.
Curtis, Educational Adviser to the Air Ministry, and Mr.
H. A. Cox, Head Master of the School. To Colonel Curtis
| am aso indebted for the valuable data respecting his own
Mental Efficiency Test, and the Passing Out Examination,
which are here published by permission of the Air Council.
For help in checking calculations and correcting proofs
| have to thank Miss D. Dray con and my wife.

Above all | wish to acknowledge my debt to Professor
C. Spearman, whose helpful suggestion and criticism has
been freely given throughout. Without the two instru-
ments of research which he has supplied, namely the
criterion for a single common factor, and the principles
of cognition, the successful prosecution of the problem
would have been impossible.

J. W. C

October 1928
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MECHANICAL APTITUDE

CHAPTER |

INTRODUCTORY
SOCIAL IMPORTANCE OF MECHANICAL INVENTION

HE twentieth-century civilized man, faced with

the products of mechanical invention at almost

every turn, will need no argument to convince
him how greatly he depends for his material comfort and
prosperity on the mechanical genius of hisage. This alone
would render the work of the engineer worthy of our
admiration and respect, and would fully justify any
attempt to bring psychological knowledge and experi-
ment to bear on some of the problems of this great industry.
But there is an even greater good which this same genius
'm“ay take to its credit, namely the uplifting influence it
has exercised on socia life. This debt which man's higher
spiritual welfare owes to mechanical invention may be
less evident, but isno lessreal. To appreciate something
of it we have but to reflect for amoment on the far-reaching
effects which such inventions as the steam engine and
the printing press have had on the minds and socia
activities of the people.
. Some inventions, like the artificial limb and the cleverly
devised surgical instrument, have been directly enlisted
in the cause of humanity; others, like the telescope,

1
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have greatly increased man's knowledge; while others,
yet again, such as the locomotive, have so enriched man's
experience as to contribute in no small measure to his
education and social development. Even those inventions
which seem to serve merely his material needs have eased
the struggle for existence, and so afforded him greater
leisure in which to develop hishigher spiritual life. Clearly,
then, mechanical invention not only promotes material
prosperity—important as this may be ; it aso subserves
man's higher ethical purposes.

If further evidence of the debt which society owes to
mechanical invention is needed, it is provided by the fact
that not only our present prosperity and progress, but our
very civilization itself, rests on man's ability to tap, and
turn into useful channels, the natural sources of energy
around him. This, inthe majority of cases, means convert-
ing such energy into mechanical energy. The great
material advance of the last hundred years has been almost
entirely due to the invention of mechanical deviceswhereby
the enormous energy dormant for centuries in our coal-
fields could be harnessed to the service of mankind.
Evidence of the far-reaching effects on social life which
man's accesson to this vast power has brought about, is
to be found on every side—in the cheap books which have
facilitated popular education, and the newspapers which
have made possible a rapid interchange of ideas and
opinions, in the factories which have created large towns
with all the advantages of corporate life, and in the greatly
improved standard of living generaly. In the case of
our greatest mechanical invention—the steam engine—
its influence on the life of the people can hardly be over-
rated. Indeed, one authority has gone so far as to say:
" The conversion of thermal energy into mechanical energy,
first practically effected by the invention of the steam
engine, has brought about in a single century more per-
manent change in the manner of living, aid even in the
habits of thought of the inhabitants of ttje world, than



INTRODUCTORY 3

any combination of political, socia, or personal influences
could have effected.”

THE HUMAN FACTOR IN ENGINEERING

Efficiency. The foregoing reflections make it evident
that engineering can justly claim a unique and important
place among the industries of the country; so much so
that it is our duty, as a nation, to spare no painsin main-
taining the highest possible standards of efficiency in it.
Among the most potent influences which determine such
efficiency are those of a psychological nature; and of
these, the capacity of the worker for the kind of work he
is called upon to do is one of the most important.

Variety of Occupation. In engineering, this latter,
human, factor assumes a specia importance on account
of the great variety of occupations which fall within the
scope of the industry. These frequently differ from one
another with respect to the mental and manual operations,
and the technical knowledge, which they entail. Hence
there would appear to be great need for vocational guidance
and selection if the industry is to make the most effective
useof itsworkers. But before such guidance can be given,
vocational psychology must considerably enlarge its
knowledge of the particular aptitudes upon which success
at these various occupations may depend.

OHginality and Invention. Of such aptitudes, those
which may be found to underlie the higher intellectual
and creative work in engineering would seem, for several
reasons, to merit the closest study and attention. In the
first place, this industry differs from all others in being
obliged to invent and make the very machines and tools
whichituses. Moreover, it must supply suitable machinery
to those other industries whose prosperity is now closely
dependent on the employment of mechanical devices. It
is therefore essential not only to its.own welfare, but aso

1 prof. Soddy, in Matter and Energy, p. 240.
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to that of other industries, that the engineering profession
should include within its ranks menwho are able to supply
this need.

Secondly, an object cannot be made until it is invented.
Conseguently although the number employed on purely
creative work may be relatively few, their work is the very
breath of life to the rest.

Again, there are many kinds of engineering work which,
although not primarily creative, demand an insight into
mechanical movement, and require of the worker a certain
degree of resourceful thinking not entirely unlike mechanical
invention itself. The draughtsman, the turner, the fitter,
the worker in the repairs shop, the salesman, and even
the machine operative, must at times profit by a ready
grasp of the movements involved in the mechanical objects
with which their work is associated. Such understanding
and insight has been attributed by some to a specia

* mechanical sense’, a study of which forms the subject
of theresearch descrlbed inthisbook. Without considering
here whether such a ' sense ' exists as a specia aptitude,
it evidently has much in common with mechanical
invention.

What has been said above about the work of the engineer
applies largely to that of the engineering student. Much
of the latter's time is naturally devoted to a study of the
engineering sciences in which, among other things, Ife is
asked to acquire a knowledge of mechanical laws and
mechanical movements. Such work, especially on its
technical and practical sides, involves the understanding
and employment of scientific apparatus, machines and
tools. Much of the thinking which the student iscalled
upon to do must therefore relate to mechanical objects.

Finally, we may look to our great engineers and ask
what quality of mind was it that made them great.
Their greatness, as engineers, must be attributed, primarily,
to their ability as original and ingenious thinkers in the
field of mechanical invention. Other important qualities
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of intellect and character they undoubtedly possessed, but
these done could hardly have differentiated them from
the great in other walks of life.

NEED FOR RESEARCH

Vocational Guidance. The mere fact of seeing that
much of the work of the engineer calls for an insight into
the working of mechanical objects, and a certain measure
of constructive and original thinking about mechanisms,
does not enable us to postulate, forthwith, the existence
of a specia unitary power of mind which may be labelled
"mechanical ability ', or 'mechanical ingenuity ', or the
"mechanical sense ' It is one thing to examine a piece
of work—the mind's finished product—and s that it
differs from other work in being ingenious, original, etc.,
but quite another to determine whether this work needs,
for its execution, a specia aptitude. However strikingly
original or ingenious a piece of mechanism may be, this
fact in itself can never inform us how far the mind that
produced it owed its power to a special’ mechanical sense ',
and how far to high 'genera intelligence', training, and
experience. Neither can it tell us how the 'originality'
that went to produce it is related to that needed to con-
ceive a great work of art, or to plan a new system of social
reform. Only by a careful study of the mental activity
in Yuestion, accompanied by psychological experiments
especialy planned to answer these questions, can we hope
to arrive at thiskind of knowledge. The vital importance
of such knowledge for vocational guidance and selection is
obvious. Until we know what are the specia aptitudes
it is impossible to estimate even the possibilities of voca-
tional guidance, much less employ it with any hope of
SUCCeSs.

School Work. A psychological study of the specia
aptitudes that may be involved in engineering is amply
justified in the light of what has already been said. Its
urgency is rendered greater by the fact that neither in
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the elementary and secondary schools nor perhaps even
in the technical schools does that kind of intellectual
work which we have seen to be essentia in engineering
appear to receive the attention that its importance
warrants.

In the cae of the elementary and secondary schools,
the various subjects of the curricula, as usually taught,
provide little exercise for the kind of mechanical under-
standing and insight to which we have referred. Conse-
quently there is little opportunity of judging whether a
boy passing on to a course of training for engineering is
really fitted to undertake such work. This makes it all
the more necessary to discover what are the specia apti-
tudes (if any) involved, so that if these are not ordinarily
called for in school work greater provision for their exercise
and development may be made in future.

In the cae of the technical schools, although, as we
have seen, much of the work naturally involves a certain
measure of thought about mechanical things, it is only
incidentally that the student is thrown upon his own
resource and ingenuity. On the theoretical side of his
course he is required to assimilate the ideas involved in a
study of the engineering sciences, and to acquire aworking
knowledge of their underlying principles; while on the
practical side, much of histimeisoccupied in the execution
of standard exercises carried out after a practical demon-
stration by the instructor. Such work must depend on a
variety of factors. Among them the specia aptitudes
which possibly underlie the intellectual and creative side
of engineering may be, as it were, interwoven, but find
little chance of clear and direct expression. Only by
knowledge gained through a careful study of the mental
processes involved in this kind of work and training, may
we hope to give the student more enlightened guidance
in his choice of studies and of occupation than seems at
present possible.

" Sdection/ Notwithstanding the great practical value
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which a knowledge of the specia aptitudes involved in
engineering would seem to possess, very little serious work
inthisdirection has been done sofar. Hitherto, vocational
psychologists have been concerned with the problem of
" selection ' rather than that of 'guidance'. To this end
they have aimed at discovering tests whereby a person's
suitability for a specific occupation might be gauged.
However useful such work has been in the selection of
applicants for well-defined occupations, it has contributed
little to the essential problem of vocational guidance.
For the latter purpose, we usually require to determine
not merely a person's suitability for certain specified
occupations, but his greatest vocational possibilities.

" Faculty’ Psychology. Feeling, possibly, the need for
knowing what are the mental qualities they should seek
to measure, investigators have frequently sought to arrive
at these by the simple process of observing the various
concrete processes which the worker is called upon to
carry out. This has, at times, resulted in an analysis of
the vocational requirements into various special' abilities ',
"powers’, 'capacities' or 'faculties . For example,
certain work has been seen to require attention, hence the
' capacity' of attention is said to be needed for this.  Other
work requires imagination and originality, hence a faculty
of 'creative imagination ', and so on. We have aready
noticed the falsity of such reasoning. The inadequacy
of this sort of analysis, for practical purposes, is seen by
the fact that the tests subsequently suggested for the
vocation in question are usually chosen, not as tests of the
special' capacities ' into which the vocation has been thus
analysed, but for their resemblance to the actual operation
which the workers are called upon to carry out. In these
circumstances, the chief work of introspection has been
to observe the similarity between test and 'job'; the
further analysis into special 'powers' or ' abilities'
appears to have been superfluous and misleading.

Limitations of Introspection. Those who have sought
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to discover the nature and existence of special measurable
aptitudes by means of subjective analysis alone, have
surely placed on introspection a burden greater than it
can bear. Introspection is, of course, a valuable instru-
ment. It has assisted in the development of useful tests,
especially when the occupational requirements have been
somewhat rigidly defined. But it has its limitations.
To determine the existence of an ' aptitude ' or an ' ability ',
in respect of which persons differ, and may be measured,
it is not enough to know the mental processes involved,;
we must know how they function with relation to one
another, and to the other mental processes. While intro-
spection may exhibit these processes, it can no more
disclose to us the laws by which they function, than the
observance of moving bodies will disclose the laws by
which they move. For this, unfortunately, we must
measure and calculate.

A further weakness in introspective analysis is seen
when the products of the analysis are expressed in general
terms, such as 'imagination’, 'judgment’, etc. Such
may be true, asfar as it goes, but tellsuslittle of practical
value—there are so many kinds of imagination1l By
labelling the actual observable processes with these general
terms it is doubtful whether we add anything to our
knowledge of them, and we come perilously near to the
' faculty' psychology referred to above.

Absence of Criteria. It is true that in using vocational
tests psychologists have seldom relied on introspective
data alone, but have determined the correlation between
the tests and such other estimates of ability as they have
been able to obtain. But they have seldom applied to
their correlation coefficients the criteria by which aone
it is possible to judge what are the * abilities' (or ' factors )
involvedintheir tests. The fact that two series of measure-
ments correlate signifies no more than that they both
measure something in common. What the abilities
involved may be, the mere fact of correlation is powerless
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to inform us. It has been a frequent source of error to
suppose that because a test correlates with an occupation
for which it has been specially devised, it measures a
specia capacity for that occupation. In the absence of
the necessary criteria for deciding this, it would often be
more reasonable to suppose it to measure ' general intelli-
gence 'l

THE APPROACH TO A VOCATIONAL PSYCHOLOGY

The Question. In view of the large amount of effort
that has been expended in the kind of work referred to
above, it seems a pertinent question to ask whether such
work, however useful in other ways, is likely to provide
the kind of knowledge needed for a sound system of
vocational guidance ? The most we can expect it to do,
is to provide tests for specific occupations by the ' trial and
error' method of eliminating those tests which correlate
least, and retaining those which correlate highest, with
the occupation in question. The knowledge so gained
must, for the most part, be confined to the particular
circumstances investigated, and even then can shed little
light on the true psychological nature of the mental pro-
ceses and ' abilities' involved. Out of such empirical
knowledge can hardly emerge the ultimate laws and general
principles needed to guide and economize future practice.

i Moreover, for the higher and more pressing forms of
vocational guidance in which it is required to determine
whether a person is fitted to train for a given vocation,
or to ascertain which vocation he may most suitably enter,
a genera survey of his whole mentality, rather than his
ability to carry out specific occupational tests, is needed.
For this purpose we require a fuller knowledge of the
specia ' abilities' and ' aptitudes ' than can be provided
by the kind of work we have been considering. By what
path, then, may we hope to acquire the necessary know-
ledge for sound vocational guidance ?

Examination of Mind. In the first place, it seems
necessary to shift the focus of our attention from the
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vocations and occupations to mind itself. Instead of
seeking to analyse and measure the requirements of certain
occupations, we should first aim at discovering theunitary
mental characters (the specia 'abilities', ' aptitudes’,
etc.) with respect to which persons differ, and may be
measured. Before, of course, vocational guidance can
be given, we must aso analyse the.vocations in terms of
these mental characters; but the former is the prior
question, since until we know what these characters are,
it is impossible to analyse, appropriately, the vocations.

Experimental Criteria. The existence of such mental
characters can only be determined by the aid of experiments
especially planned for this purpose. In these, reliable
measures of the activities under investigation must be
obtained by suitable tests, and such other means as may
be possible. To this data, the correlational criteria by
which aone it is possible to determine what ' factors ' (or
unitary measurable mental characters) are present in the
activitiesin question, must be applied. Hence the experi-
ments must be so arranged as to yield the correlation
coefficients necessary for this purpose.

Ultimate Analysis. While objective experiment may
demonstrate the presence of unitary mental characters,
only by introspective analysis can a knowledge of their
underlying mental processes be gained. Apart from its
intrinsic psychological interest, such knowledge is of tne
utmost value in the work of devising and improving tests
for the particular mental characters concerned, and of
analysing the vocations in terms of these characters.
Objective experiment must therefore be supplemented
by subjective analysis. If this analysisis to be effective,
it must resolve the mental activities into their ultimate
processes.

Examination of Vocations. Finally, that the work out-
lined above may bear fruit in the form of vocational guid-
ance, there remains the task of analysing the vocations.
Here, as in the analysis of mind, the products of the
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analysis must be expressed in terms of known unitary
measurable characters, and subjective introspection must be
supported by objective experiment. Thiswork of analysing
vocations is, of course, complementary to that of analysing
mind. Indeed, the double process will frequently go on
side by side, the actual occupational activities yielding
part of the data'for the mental analysis. Thus knowledge
of the unitary mental characters with respect to which
individuals may be measured, and of the vocations wherein
each of these are required, will progress together, the one
supporting and enlightening the other.

SCOPE OF THE PRESENT BOOK

The present book is an account of a psychological
research, extending over severa years, which was carried
out in the hope of contributing to vocational psychology,
in some small measure, the kind of knowledge which we
have seen to form a necessary prelude to scientific vocational
guidance. The object of the research has been to inquire
into the existence and psychological nature of what has
been variously called ' mechanical ability ', * mechanical
ingenuity', or the 'mechanica sense ." This work has
been pursued along the path outlined in the previous
section of this chapter.

The results arrived at bear closely on the problem of
vocational guidance and selection in engineering, and
especially on that important side of engineering to which
attention has already been drawn, namely the intellectual
and creative side. New tests have been developed which
promise to be of practical service in this connection.
The results also have a direct bearing on certain aspects
of genera and technical education. In the belief that
they will, on this account, prove interesting not only to
the psychologist but aso to the layman, and in particular
to those interested in the selection and training of workers
in the engineering industry, they have been presented as
far as possible in non-technical language.



CHAPTER |1

EXAMINATION OF PREVIOUS WORK
THE CONSTITUTION OF MIND IN GENERAL

EFORE proceeding further it will be well toreview,
in the light of the foregoing chapter, the work of
previous investigators so far as it relates to our

subject. As the latter is concerned with perceiving and
thinking, i.e. with 'cognitive' ability, rather than with
feeling and willing, we shall confine our attention to those
researches which deal with this aspect of mind. The
investigations to be considered fall into three classes,
namely those which seek to enlarge our knowledge of the
constitution of mind in general; those whose object is
to discover the particular type of mind required by the
professional engineer; and those which aim at disclosing
the nature of the special mental processes, ' abilities' or
"aptitudes' required for certain specified engineering
occupations. Let us consider these in turn.

N. Carey. Within the first of these classes is Dr. N.
Carey's interesting study of the mental processes of school
children.! The aim of this study was to discover how the
various mental processesinvolved in schoolwork are related
to one another ; whether, for example, those who excel in
the discrimination of differences in the pitch of musical
notes also excel in discriminating differences in the rate
at which they occur, or to take another example, whether

! 'Factors in the Mental Processes of School Children,' Brit. Jour,
of Psych., vols, vii and viii.
12
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the child with a good ' colour-sense ' had invariably a good
memory for colours.

Dr. Carey's results are mentioned here for two reasons.
In the first place, they were directly opposed to that view
already mentioned which divides mind into various
' faculties', such as a faculty for 'judgment' by means
of which all our various judgments are carried out, another
for 'memory’, a third for 'imagination', and so on.
Secondly, that kind of thinking about mechanical objects
which forms the subject of the present research appears
nowhere among the mental activities of the school children
studied by Dr. Carey. This bears out a conclusion to
which we come later, that seldom do the subjects taught
in the elementary school call for the exercise of this kind
of thinking.

C. Burt. This same fact comes to view in the extensive
inquiry into the relations between the various school
subjects which has been carried out by Professor Burt,*
for none of these subjects appears to have required thought
about mechanisms. Handwork, as we se later, may do
S0 under certain circumstances, but the chief requirement
of the handwork included among the school subjects
studied by Burt ssems to have been manual skill, for it
was found to be specially related to drawing and writing,
and all three subjects were classified together as 8 manual’
group.

Burt points out that children backward in the formal
subjects of the curriculum are sometimes found to excel
in-"handwork'. This might be accounted for by the
manual factor. But it might also be partly due to some
special ' mechanical' factor connected with the particular
kind of thinking processes involved in the handwork, and
which only further analysis of the handwork itself can
disclose.

A large number of tests applicable to school children
are given by the same author in his important book on

! The Distribution and Relation of Educational Abilities, L.C.C.
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mental and scholastic tests. Among these are to be
found none intended to measure a special ' mechanical’
ability as such, although in the tests suggested for ' hand-
work ', the testee is required to make models of simple
objects, such as houses, stools and wheelbarrows, with
-wooden blocks and other material, and so needs a certain
measure of ingenuity. Mechanical movements, however,
do not appear to have been introduced into these objects,
and the tests also require such manual skill as may be
necessary to put the parts together.

Sex differences were observed with these tests, especially
in invention and design, and the performances of defectives
were found to differ less from those of normal children
than was the case with tests of the school subjects.  Indeed,
the overlappingin ability which wasfound to exist between
the 'normals’ and the ' defectives' was so great as to
render misleading any attempt to draw a borderline
between these two groups of children. Since experiment
has not disclosed any marked sex differences with respect
to general intelligence, and we should certainly expect the
defectives to do decidedly worse than the normals at a
genera-intelligence test, the sex differences and ' over-
lapping ' shown by these handwork tests suggest that they
call for some specia ability (or abilities). This points to
the desirability of further research to determine how far
such special ability may be referred to the manual side
of these tests, and how far to the cognitive processes
involved in designing the models.

F. Gaw. A study of the mental qualities measured by
fourteen tests of the kind known, somewhat loosely, as
' performance tests ', has been made by Miss F. Gaw.?
To find out what abilities were measured by these, they
were compared by correlation coefficients, with customary
measures of ' general intelligence’, with what the author

! Mental and Scholastic Tests, L.C.C.
2'A Study of Performance Tests,' Brit. Jour, of Psych., vol.xv,
1925.
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refers to as tests of ' mechanical ability', and of ' con-
structive ability\ The ' mechanical' tests employed by
her were Stenquist's Assembling Tests, Series | and |1 1,-
and Healy's Puzzle Box. In each of the Stenquist tests
the subject is required to assemble ten common mechanical
objects, such as a bicycle bell, clothes pin, lock, etc. The
Puzzle Box 'is awooden box with aglasstop and four holes
cut in the sides and bottom. It is fastened by a compli-
cated system of cords and rings slipped over pegs inside
the box. The problem is to open the box with the aid
of a button-hook which may be inserted in the holes.
The tests were given to a group of elementary school boys,
varying in number, according to the test, from 30 to 52,
and to a similar group of girls.

While the correlations which Miss Gaw obtained between
the ' performance ' and the ' mechanical’ tests were useful
in affording some indication of the extent to which both
groups of tests involve the same ability, it is evident that
if the mechanical tests are to be used as instruments with
which to diagnose the actual qualities tested by the ' per-
formance ' tests it is necessary to know what qualities are
measured by the mechanical tests themselves.

It appears from this study, and from her remarks ese-
where,! that Miss Gaw accepts the view that each of the
latter tests involve a specia ' mechanical' ability which
is independent of general intelligence ; that is to say, that
there is a common unitary factor running throughout the
mechanical tests upon which success at them depends,
and which is measured by the scores made at them.  Such
aview implies at least two things, firstly that these tests
measure in common the same ability, and secondly that
that ability is " mechanical' ability.

With regard to the first of these implications, the
existence of a unitary ability common to all the mechanical
tests and measured by them could only be proved by

1Vide 'The Use of Performance Tests and Mechanical Tests in
Vocational Guidance," Jour, of N.I.I.P., vol. i, 1923.
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elaborate correlational statistics which neither Miss Gaw,
nor anybody else, has yet supplied. We show, later, that
even the relatively high inter-correlations between the
tests which were found by Stenquist cannot be taken
as conclusive evidence for the existence of a single uni-
tary factor running throughout them. Moreover, in our
own experiments these high inter-correlations were not
“obtained. Regarding the second of these implications—
the nature of the "ability' measured by the mechanical
tests—this must be sought in a subjective analysis of the
tests themselves. Before these can be regarded as tests of
"mechanical ability' such analysis must clearly show
what are the mental processes which we may regard as
" mechanical’, and that it is these processes rather than
other, non-mechanical, ones that determine success at the
test. No one hasyet done thisin respect of the mechanical
tests employed by Miss Gaw. Indeed from Miss Gaw's
own evidence it is far more clear that other factors of a
non-mechanical kind enter into these tests than that they
involve mechanical processes. Much closer analysis than
has yet been attempted will be necessary before we can
Fe clearly what are the abilities measured by these tests.

/. L. Senquist. We have now to consider awork which
Is much more closely related to the subject of our own
research than any reviewed so far—that of Professor J. L.
Stenquist.  In 1919-20 Stenquist gave to several huncfred
boysinaNew Y ork City Public School a series of "intelli-
gence ' tests together with his own mechanical tests. The -
latter were two assembling tests known as Assembling
Saies| and I |, and two picture tests, referred to as Picture
Test | and Picture Test I 1. Each of the former required
the subject to assemble as quickly as possible ten common
objects, such as a cupboard catch, clothespin, etc. Picture
Test | consisted of 78 picture-matching problemsin which
the subject must determine which one of five pictures
belongs to one key picture. The pictures treat of general

1 The Case for the Low I.Q.," Jour, of Ed. Research, iv, 1922.
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mechanical subjects such as mechanisms, toys, machines
and their parts. Picture Test Il is similar to |, but
involves, in addition, language. It includes sixty ques-
tions referring to numbered parts of machines.

From this study Stenquist concludes that there are two
kinds of genera intelligence—one kind measured by the
' general intelligence ' tests, and another measured by the
mechanical tests. Since this conclusion is of fundamental
importance for vocational guidance in engineering, it will
be well to consider the arguments upon which it is based.

Stenquist found that the mechanical test sinter-correlated,
'on an average, between -6 and -7 ', and that ' one test
of actual manipulation of objects, such as Series I, corre-
lates about as high with either of the picture tests as it
does with a second series of models to assemble\  From
this he argues that, ' on the whole, any one of the four
tests affords an important indication of a genera ability
that may for convenience be called general mechanical
aptitude—general in the sense that it does not pertain
to any specia trade, and mechanical, as is more or less
obvious from its nature .'

While we should agree with Stenquist to the extent of
saying, in the light of their inter-correlations, that the
testsinvolve some common ability (or abilities), we should
hesitate to say, on the basis of a mere correlation between
each pair of tests coupled with a glance at the tests them-
selves, what the ability was. Even the brief description
of them which Stenquist subsequently gives fails to make
this clear—much less is it ' obvious' from their nature.
Neither isit evident from these datathat the ability measured
by the tests is ' general'—even in the sense in which
Stenquist here usss it.> Moreover, as we show later, the
term ' general' may be given a much more definite and
fruitful meaning in this connection than it has when used
in this sense. It would seem desirable to restrict its use

! That is, in the sense of being of ' general importance in every-
day life .'
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to this more definite meaning, especialy if, as Stengnist
subsequently does, we are to compare the ' general ability '
measured by the mechanical testswith the ' general ability '
measured by customary intelligence tests.

- Having decided on this rather dender basis that his
tests measure ' general mechanical aptitude ', Stenquist
proceeds to examine the correlations between them and a
' composite score ' derived from six well-known tests of
" general intelligence ." The correlations here were found
to range from -23 to -52, and when the scores at the four
mechanical tests were combined the correlation with this
intelligence score was said to fall to -21. From the gener-
ally low correlation between the two kinds of tests Stenquist
argues that' an individual's position in genera intelligence
is thus shown to be largely independent of his position in
General Mechanical Ability and Aptitude.

Before commenting on this argument, attention must
be drawn to a mathematical error which occurs in the data
on which it rests. It is impossible for the correlation
between the 'pool’' of the four mechanical tests and
" general intelligence ' to fall below the lowest correlation
of any one of the mechanical tests constituting that ' pool’
with the same 'general intelligence'. It is therefore
difficult to see, from Stenquist'sfigures, how the correlation
between the sum of the four mechanical tests and ' general
intelligence ' could fall to -21. Itsvalue, calculated from
Stenquist's coefficients by Spearman's formula for the
correlation of sums or differences (giving equal weights
to each), is -42.

Granting, however, that the mechanical tests correlate
less with ' general intelligence ' than with each other, we
have yet to ask whether this is sufficient to prove the
existence of two independent abilities. Given ae (I)
the correlation between different measures of a supposed
mechanical ability, and (2) correlations between these and
a supposed measure of ' general intelligence . What, then,
Is Stenquist's criterion to show that all these correlations
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cannot be attributed to one and the same element ? There
is none formulated by him, and certainly noneisinvolved
in (1) being higher than (2), as he seems to think. More-
over, his data are not sufficient to employ the genuine and
sole criterion.® Still more needful is such an exact and
demonstrated criterion when the possible influence of
sampling errors has to be estimated. He may beright in
his deductions, but certainly he has not proved them.

Stenquist next investigates the validity of his tests by
comparing them with criteria in order to determine what
it is that is measured by them. The criteria chosen were
pupils' ranks at shop courses and at general science, as
estimated in each case by the teachers. Here the correla-
tionswere found to behigh—varyingfrom -42 to -90—from
which Stenquist rightly argues that ' the mechanical tests
may, therefore, be judged from these figures to detect to
a marked degree the same qualities in pupils that are
considered by the shop and science teachers in judging
pupils' relative abilities.'

But when he goes on to ask, ' What is it that causes a
pupil to stand out in this type of work ? May it not be
another type of intelligence that might well be called of
general importance ? ' we can only reply that there is no
evidence in these correlation coefficients for such a belief.
Unless we are shown either by the correlations between
shopwork and general intelligence, or by an analysis of
this ability itself (preferably by both), that rank in shop-
work does not depend on general intelligence, we have no
reason whatever for supposing this to be the case—rather
the contrary. Without such evidence the natural assump-
tion is that success at these proposed criteria (shopwork
and science) would depend largely on general intelligence
and that, consequently, the mechanical tests also (seeing
that they correlatewell withthecriteria), involve this same
ability. Inbrief, until we know what abilities are involved
in shopwork and general science these cannot be used as

! See p. 107.
3
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criteriawith which to diagnose the mechanical tests. To
suggest as a result of this comparison that the criteria
depend on mechanical ability is to beg the question at
issue, and to assume as true what the very criteria were
brought forward to prove, namely, that the mechanical
tests themselves are valid measures of mechanical ability.
Without further knowledge of the abilities involved in
shopwork and science, this comparison throws no additional
light on the nature of the ability measured by the
mechanical tests.

As another way of deciding what the mechanical tests
measure, Stenquist turns to ' the very direct one of merely
looking at the tests and judging what type of task it is
that has been set up\ ' Thus,' he continues, ' we may
note at once that they represent an attempt (in all except
Picture Test 1) to get away from words. They deal with
concrete and real things. In the Assembling Tests oppor-
tunity is given to work with hands and mind, rather than
to perform with pencil only, or to juggle mental abstrac-
tions.'

This description does not seem to us to provide indisput-
able evidence that the tests measure ' mechanical ability
—or even any ability other than general intelligence, for
this same description would apply with equal aptness to
many so-caled ' performance ' tests. These have been
shown to measure, largely, general intelligence. Even if
it be granted, as seems probable, that the ' mechanical’
tests involve other abilities besides general intelligence,
it still remains to ask what these may be. If we look for
them in the above description we are led to suggest that
at least one of them may prove to be motor dexterity
rather than mechanical ability.

Moreover, despite his earlier assertions, Stenquist him-

! See the study by F. Gaw referred to on p. 14; aso an un-
published thesis by Dr. McCrae entitled Some Effects of Social
" and Educational Opportunities upon Mental Tests (London Univ.
Library).
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sf is not very sure what his tests measure, for he says,
" Possibly it would be more appropriate to designate these
mechanical tests by some other name, for they are mech-
anical only in a limited sense. On the mental side they
call for ability to recognize parts of ordinary mechanical
devices, for the ability to make judgments as to the reasons
for the particular size, shape, weight and nature of the
parts—in short, for the mental ability to think through
in some degree the same steps as those employed by the
designer of each machine. Manually, they call for the
dexterity required to put parts together to form the
completed machine or device after it has been decided
how they should go. A generous amount of the best kind
of thinking is then required to make a high score. It
involves accurate perception, reasoning, and judgment
applied to eachmodel. In so far, therefore, asthese mental
processes are of general importance in everyday life, the
ability demonstrated in assembling the models perfectly
could well be called general intelligence." In the light of
this we may well ask, why indeed call it anything dse ?
Nowhere does his analysis indicate the special' mechanical’
factor which these tests are said to measure.

THE PROFESSIONAL ENGINEER

B. V. Moore. Among the more extensive investiga-
tions into the mentality of the professional engineer is
that of B. V. Moore.! The aim of this investigator was
to discover ' methods and means for selecting and placing
young engineersin the type of work which they can do best'.
The engineers in question were the apprentices at the
Westinghouse Electric and Manufacturing Company, and
the main problem which Dr. Moore set himself was to
differentiate successfully between those best fitted for the
work of salesman and those more suited to that of design
engineer. ‘

Y Personnel Selection of Graduate Engineers, Psych. Rev.
Monograph, No. 138, 1921.
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To this end, various lines of research were pursued.
The grades which the subjects had previously made at
Technical Schools were compared with other criteria, such
as estimates of intelligence, with class grades made in the
firm's Education Department, with grades made in the
shop, and with various ratings on a number of character
traits made by the shop foreman. The vocational and
avocational interests of several types of engineers employed
by the Westinghouse Company were inquired into by
means of questionnaires. In addition, psychological tests
were given. It is with these, as being most likely to
exhibit the presence of innate mental differences, that we
are here concerned.

A genera-intelligence test, known as Personnel Bureau
Test VI—a modified form of the American Army Test—
was given to ninety-four graduate engineers classified into
four occupational groups, namely, design engineers, general
engineers, operating, service and works engineers, and
sales engineers.

The average score made by each group followed the
order in which they are here named, the design engineers,
as a class, doing much better than the sdes engineers.
There was, however, considerable overlapping in ability
as from one group to another, some of the sdes engineers
making as high a score as the best design engineers.

On this account Moore concluded that a general-intelli-
gence test was not able to distinguish satisfactorily one
type of engineer from another, and argued that the differ-
ence in intelligence between the sdes engineers and the
design engineers was a qualitative rather than a quantita-
tive one. He aso thought that any of the available
intelligence tests would be too easy and too lacking in
interest for engineers.

All four groups were small—particularly the design
group, which appears to have numbered about six. This
renders any comparison between them of doubtful value.
But if anything can be concluded, it is surely that the
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design engineers, as a class, were of superior intelligence
to the sales engineers.

To continue our account, the unsatisfactory result with
Bureau Test VI led Dr. Moore to devise a specia test for
differentiating between 'sdes' and 'design’' engineers.
This consisted of two parts—Part |, intended to measure
the kind of mentality needed by a salesman; Part |1,
that needed by a design engineer. A quarter of Part |
was composed of general-information questions; the
remainder consisted of 'analogies', 'opposites’, ' syn-
onyms \ atest in which proverbs had to be paired according
to their meaning, and a test in which sentences had to be
correctly completed by one of three given words. Part |1
consisted of a test in which the names of five technical
objects (or engineering terms) were presented and the
subject required to select the four which possessed the
same (unstated) technical property and to underline the
one which did not possess this property, a test in which
certain technical statements had to be marked true or
false, and atest in which the solutions to a number of
technical problems were required.

The test was given to 28 design engineers and 59 sdes
engineers, all of proved ability at their respective tasks.
The design engineers secured an average of 109-3 on Part
I, and 37 on Part | |, whereas the sdes engineers scored
an average of 87-6 on Part |, and 227 on Part I | . Moore
argued that these results supported his contention that
Part | of the test measured the kind of intelligence needed
by sdes engineers, and Part 1l that needed by design
engineers, because the former did better in Part | as
compared with Part Il than did the latter. Thus the
sdes engineers scored approximately four times as many
pointson Part | ason Part | | , while the design engineers
scored only three times as many. On the basis of this
difference between the scores for the two parts Moore
decided to differentiate one type from another. Thus the
person who had a wide difference between his two scores
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in favour of Part | would be assigned to the sdes depart-
ment, while one who had a relatively smaller difference
(though still, perhaps, in favour of Part I) would be placed
as a design engineer.

This argument involves several disputable points. In
the first place the units at different parts of the scaes
have not the same values and are therefore not comparable.
If, for example, units above point 88 in Part | scae hap-
pened to be worth double those below it, and those above
point 23 in Part Il scde were only half those below it,
the design engineers scores (keeping those of the sdes
engineers as before) become 130 and 30 for the two parts
respectively. Such figures are directly opposed to Moore's
conclusions.

Another difficulty liesin the fact that there are two ways
of arriving at a difference between the scores for the two
parts—either by subtraction or by division. In placing
his subjects Dr. Moore assumed that either method was
valid—but they lead to contradictory results. Thus to
revert again to the average scores, the difference becomes,
by subtraction, 72-3 and 64-9 for the ' design ' and ' sdes’
engineers respectively.  On these figures the greater super-
iority of the design engineers (by Moore's criterion) liesin
Part 1—the part specially devised for sdes engineers.

Even if a satisfactory method of measuring them could
be devised, these differences would afford no indication
of the relative ability of the men at the type of work to
which they had been assigned, for a man making low
scores in both parts might well have a larger difference
between them than one making higher scores in both,
but would not on that account be the better man in either.
A criterion which thus ' selects' but does not ' grade ' is
hardly satisfactory, since it may well lead to the over-
loading of a department with men who, although better
suited to enter it than any other, are nevertheless ' weak ',
and so not necessarily well placed so far as the interest of
the organization as a whole is concerned.
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Equally unsatisfactory seems the method of grading
the sdes engineers (after selecting them) by combining
both scores, if, as Moore claims, the two parts of the test
really measured different abilities, for there is no reason
to think that a person with a high (or low) score in one
special aptitude is thereby rendered more (or less) efficient
in another. Neither isit logical to suppose that for differ-
entiating the men the two parts of the test function as
specia aptitude tests, while for grading them they may
be regarded (and so combined) as a genera-intelligence
test.

So much for the practical difficulties inherent in the
method, but is not the idea itself fundamentally wrong ?
Surely the criterion is not to be found in the difference
between the scores at the two parts but in the actual scores
themselves. If two qualitatively different kinds of intelli-
gence existed, and were correctly assigned to the respective
groups, we should expect sdes engineers to do better than
design engineersin Part |, and worsein Part I | . In actual
fact, the design engineers do better in both parts. If
anything can be inferred from thisit is that the same kind
of intelligence functions in both parts, and that the design
engineers, through their superiority in this, were able to
make much higher scores in both.

There are still to be explained the relative differences
between the two scores at the two parts upon which Dr.
Moore places so much importance. This seems best
accounted for by the superior technical knowledge of the
design engineers whereby they were enabled to place a
still greater distance between themselves and the sdes
engineersin Part I (which required, throughout, this kind
of knowledge) than in Part |.

Throughout the research no criterion is put forward for
deciding whether the mental differences looked for really
exist, the author being always content with a mere com-
parison between scores or correlation coefficients—without
even considering the sampling error which, with the small
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groups sometimes used, must have been large! Until
these are duly taken into account the data, however inter-
esting in other ways, have actually proved nothing.

While a vast deal of useful information about the sub-
jects' school grades, interests, hobbies and the like, has
been collected, little, if any, attention is given to the innate
mental qualities upon which these must in part depend.
Any sound method of differentiating between the various
engineering groups must rest, ultimately, upon a knowledge
of these innate factors, and research in this direction should
greatly illuminate the important problem which Dr. Moore
has courageously tackled in this investigation.

C. R. Mann and E. L. Thorndike. In his book, A Sudy
of Engineering Education, Prof. Mann describes some
investigations made by Prof. Thorndike to determine the
capacities required by the professional engineer. The
fifteen tests employed were tests of achievement in English,
mathematics, physics, together with Stenquist's Assemb-
ling Tests. Each test was said to be ' designed to record
the student's relative ability in some one particular activity
which was complete in itself’, and to differ from the
ordinary college examination in its attempt to placets
little emphasis as possible on knowledge and as much as
possible on the ability it was designed to test.

The tests were given to thirty-four engineering students
of Columbia College. The scores at the various tests were
" pooled ' and the combined score so obtained was found
to correlate with High School Scholarship records, Regent's
Examination records, Freshman Year record, Opinion of
Classmates and Opinion of Teachers to extents varying
from -62 to 75. When the records and opinions, together
with ratings according to the combined judgment of the
Dean and teachers, and according to age, were combined
into a single rating for ' general intellect', this rating was
found to correlate with the combined test score to the

! The sampling error is that which arises through measuring
only a limited number, or ' sample', of individuals.
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extent of -84. The same rating gave fairly high correla-
tions with each test taken singly, with the exception of
three of the physics tests and the Stenquist test. While,
however, both this physics group and the Stenquist test
gave low correlations with ' general intellect’, they corre-
lated highly (-6) with each other.
Thorndike concludes that everyone of the tests, except
the Stenquist test, is symptomatic of ' general intellect’,
and when combined become symptomatic of it to a high
degree. But he does not tell us what he means by
"genera intellect .
_ He further states that the tests fall into four groups,

namely a group which measures, mainly, general intel-
lectual ability ; agroup (the three physics tests mentioned
above) which measures the same abilities as the former
group, and, in addition, other (unnamed) abilities which
seem likely to be specially prophetic of success at engineer-
ing ; the Stenquist mechanical test, which has much in
common with the former group and much peculiar toitself;
and an Englishgroup, which hasmuch in commonwith the
first (" general intellect’) group and much peculiar to
itself.

This grouping, however, is very rough-and-ready. The
criterion necessary to determine whether specia abilities
(i.e. those independent of ' general ability') are involved
is not used, neither are Thorndike's data sufficient to permit
of its employment.

SPECIFIC OCCUPATIONS
We now come to those inquiries which examine the
mental processes needed for more or less specific engineering
occupations. Although those are primarily concerned
with the analysis of the * job ' rather than of the mind, and
are seldom able, for reasons already stated,® to enlighten
the problems of mental abilities by direct experimental

lsep. o
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evidence, yet in so far as they are concerned with mental
operations, and more especially as their conclusions are
frequently based on assumptions about the nature of
mental abilities, factors, capacities, etc., it is desirable to
consider such of them as relate to our present subject.

H. C. Link' gave Stenquist's Mechanical Test and a test
said to measure ' perception of form' to two groups of
men engaged in assembling gun parts. The inter-correla-
tions were found to be -42 and -58. Link suggests that
these correlations indicate special abilities in the tests.
In themselves, however, these figures provide no evidence
for supposing the abilities to be ' special' rather than
" general

Lipmann and Stolzenberg* enumerate various qualities,
such as delicacy of touch, form recognition, mental repre-
sentation of objects (imagery), immediate memory for
special order, attention, dexterity, etc., which they consider
important for those engaged in the metal industry. Among
themisincluded the ability to understand the construction
and functions of machines. These appear to be regarded
as specia ' faculties' or ' capacities, for each person's
grades in all the tests designed to test any one capacity
are averaged to give the specified capacity 'index'.

It does not follow, however, that because various attri-
butes are grouped together under the same general name
(such as 'form recognition', 'imagery', 'immediate
memory', etc.), that those attributes will even correlate,
much less function as an unitary ' power ' or ' faculty .'
There is no evidence whatever for thinking that the various
capacities mentioned above exist in this sense.

Moreover, as Muscio has already pointed out,® the tests
used by these writers for measuring the ability to under-

L' H. C. Link, Employment Psychology, Macmillan, 1919.

2 Methoden zur Auslese hochwertiger Facharbeiter der Metallindus-
trie, Barth, Leipzig, 1920.

°In Reports of the Industrial Fatigue Research Board, No. 12,
Vocational Guidance, p. 27.
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stand simple machines test knowledge of elementary
mechanical principles rather than innate ability.

M. Tagg, by observing and introspecting on the opera-
tions carried out by workers engaged in various engineering
trades, analyses the cognitive requirements of the engin-
eering worker into—(1) Genera intelligence, and (2
Specific abilities, innate or acquired, wh|ch may, or may
not, be correlated with general intelligence.  The specific
abilities postulated are, ' perception of space and form ',
‘'memory of form', 'size, etc.,' motor ability', 'atten-
tion', ' creative imagination ' (also referred to as ' creative
faculty') and 'accuracy of detail'. Of them, he says,
' Some abilities, such as, say, visual discrimination, are
probably constant through the normal life of the individual
in so far asits purely physical components remain constant,
but there are other innate abilities, e.g. creative imagin-
ation, which are capable of great development.'

Reference is made in the next chapter to the need of
clearly defining the terms commonly employed in this
gphere of work. The desirability of so doing is illustrated
here where some confusion appears to exist in the use of
the terms ' general’ and ' specific . In accordance with
the 'genera factor theory' (whence these terms have
sprung), the scores at any given performance may be
divided into two parts, one determined by the ' general’
factor, and the other by the ' specific ' factor. The latter
is caled ' specific ' because it is peculiar or ' specific ' to
the performance in question and quite independent of the
"general’ factor which, as its name implies, occurs to
varying extentsin all mental performances. We can there-
fore hardly spesk of ' specific abilities which may, or may
not, be correlated with general intelligence .'

The criticism of the qualities postulated by Lipmann
and Stolzenberg applies aso to the ' specific abilities'
put forward here.  As has been pointed out already, there

! '"The "Make U p" of the EngineeringWorker, 'Jour, of N.L.I.P,,
p- 313-
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IS no experimental evidence that ' creative imagination ',
"memory of form, size, etc.', ' accuracy of detail’, and the
other ' abilities' mentioned by Tagg exist as such. The
available evidence is to the contrary.® Experiment has
shown that while several psychological processes may seem
sufficiently alike to be grouped together under one name,
such as ' memory of form and size’, it by no means follows
that they will function as a.unitary special ability which
can be measured. Such assumptions are of more than
theoretical interest, for they might easily lead to the giving
of vocational advice on the assumption that the ' creative
imagination' of a Shakespeare is the same as that of a
Stephenson or an Arkwright.

Moreover, as is frequently the case with this type of
analysis, the results are not expressed in terms of ultimate
mental processes, and are consequently of little assistance
in the work of constructing tests. Thisis seenin the case
under review, where the tests subsequently chosen for
various engineering occupations were selected not on
account of their being tests for the ' specific' abilities
postulated, but for their resemblance to the actual trade
operation it was proposed to measure. This kind of
analysis seems to have fulfilled little practical purpose.

CONCLUSIONS

It is evident that few investigations into the mentality
of the engineer have been pursued from the standpoint put
forward in the last chapter as being of fundamental import-
ance for scientific vocational guidance: that is, with the
object of discovering what are the specia aptitudes or
innate abilities required by various branches of engineering.
Among these few, unfounded assumptions concerning
the constitution of mind have been the rule rather than
the exception, and much has frequently been lost through
failing to separate ' acquired ' factors from innate. More-
over, such data as have been obtained have seldom been

! S the work of Carey, Philpott and McCrae.
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examined in the light of satisfactory mathematical criteria.
On this account, little scientific evidence for the special
abilities or capacities which have been said (or assumed)
to exist has been forthcoming. More frequently, investi-
gators have been concerned to discover good tests for
special occupations, and here the work of subjective
analysis had been seldom supported by experiment.
Throughout, with rare exceptions, the need for defining
expUcitly the questions at issue, for giving precise meaning
to the terms employed, and for using those terms consis-
tently and unequivocally, is made manifest. These matters
are considered in the next chapter.



CHAPTERI 1]

THE PROBLEM

THE PRESENT POSITION

EEQUENT Assertions. We have seen that it has

been frequently asserted that persons differ in

respect to a certain ability which has been variously
called ' mechanical ability ', ' mechanical aptitude’, or
"mechanical intelligence’, and that attempts—notably
that of Prof. J. L. Stenquist—have already been made to
measure this ability. Nor have psychologists been alone
in this, for engineers have themselves used the term ' mech-
anical sense ' to denote a marked ability at understanding
mechanisms, at repairing machines and dealing generally
with things mechanical. The 'mechanical sense’ has
been described by a well-known physicist who writes:
" Lastly, students differ in another respect, which is not
quite so obvious, but is, | believe myself, of equal import-
ance, i.e. in their possesson of what | may call the mech-
anical snse. Thisisareal sense, as much asis the artistic
or themusical sense. It does not alwaysgowith mathema-
tical ability, nor even usually so. It is not worth while
trying to define it exactly, but | know that a student who
posesss it knows exactly what the lecturer meanswhen he
istrying to describe the working of apiece of apparatuswhen
others cannot understand what he means.

Little Eviderice. Notwithstanding these assertions, belief
in a special ' mechanical ability' or ' mechanical sense’
has rested upon empirical observation, without clear proof

32
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of its existence, or insight into its psychological nature.

Justification of Further Research. Nevertheless, a clear
understanding of this so-called 'mechanical ability’
promises to be of such value in vocational guidance and
selection and in certain branches of educational practice,
that it was considered worth while to embark on extensive
research into its existence and nature, involving the collec-
tion and submission to definite criteria of the necessary
experimental data, and a subjective analysis of the relevant
psychological processes.

PSYCHOLOGICAL CONSIDERATIONS

General Problem of Mental Measurement. The nature
of our problem will be more evident if, before attempting
to formulate it, we consider certain matters related to it.
Let us first take the case where we wish to predict, by the
aid of mental tests, a person's suitability for a given voca-
tion. The latter will usualy involve the carrying out of
many different performances. Most of these performances
will involve complex activities, themselves capable of
resolution into a number of more elementary ones. More-
over, account must be taken of the future and often un-
particularized demands of the vocation as well as of its
more immediate and obvious requirements. It is clear
that the number of activities involved will usually be so
great+ as to render their individual measurement out of the
question. We are therefore compelled either to resign
the task altogether, or to be content with a restricted
number of measurements. In the latter case we are at
once faced with the question as to whether it is possible to
infer anything about the rest from the measurements of the
few ? In other words, can we, and if so under what cir-
cumstances, select from these performances some which
will afford atruly representative sample of the rest ? The
reply will depend on the functional relationship which may
be found to exist between them. It is evident that before
we can embark on any programme of mental measure-
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ment for vocational guidance we must have some knowledge
of this functional relationship—we must know how the
abilities demanded by the vocation are related to the
processes involved in our tests.

FUNCTIONAL RELATIONSHIP BETWEEN PERFORMANCES

What, then, is this relationship ? Three typical views
are to be found. These may becalled ' anarchical’,’ mon-
archical ', and 'oligarchical * views respectively.*

1. Anarchical View. According to this view a per-
son's ability in any given performance depends on a com-
plex of independent mental elements. These are held to
function in various combinations which differ, in nature
and number, according to the performance much as the
combinations of musical notes differ according to the chord
struck. On this theory two entirely dissimilar perform-
ances would depend ontwo entirely different groups of ele-
mentary operations, while performances would be similar
(and correlate) only to the extent to which they depended
on the same elementary factors.

2. Monarchical View. This view holds that all the
various performances a person may carry out are dominated
by a unitary mental element which is common to all and
determines, at least in part, his success at every one.
Unlike the other views, then, this regards no performances,
however dissimilar, as entirely independent. *

3. Oligarchical View. Finally it has been frequently
assumed that a person's various performances may be
grouped in such a way that all falling within the same
group are in some way interdependent (or even identical,
as when the various acts of observing are said to be the
expression of a single ' observation power'), while those
falling within different groups are entirely independent.
Such theories vary in detail according to the way in which
the grouping is assumed to occur. They are implied in

! Terms suggested by C. Spearman, The Abilities of Man : their
Nature and Measurement, Macmillan, 1927.
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such doctrines as those of mental ' faculties', ' types’,
"levels ', etc.

4. Modifications. While the above theories repre-
sent broadly the three distinctive ways in which
various performances have been held to be related, modi-
fications of these are at least thinkable. Of these the
more important would consist in combining the monarchical
view with either of the other two. Its combination with
the anarchical view would give one in which every per-
formance would be regarded as dependent on a unitary
mental element common to all performances together
with one (or more) independent element peculiar to the
performance itself, and only to such other performances
as may also involve it. By combining the monarchical
and oligarchical views we should get one in which the
various ' faculties' or ' capacities' would be no longer
regarded as entirely independent, but related by a unitary
element common to them all.

Bearing on Mental Tests. Such theories bear directly
on the use of mental tests. If the anarchical view were
correct almost every performance would need testing
separately—and then preferably by a direct sample of the
performance itself. Vocational guidance could hardly
hope to go beyond tests for specific and well-defined occu-
pations. If the relations between performances were
"oligarchical', vocational guidance would best proceed
by discovering and devising tests for the various ' faculties
or 'powers ." A knowledge of the faculties required in a
given vocation, together with their measurement in a given
individual, would then afford some indication of the latter's
suitability for that vocation. But on the monarchical
view, the plan of procedure must be to discover means of
measuring the common element in individuals and of
determining the extent to which the various performances
(or vocations) severally depend on this factor. Such data
would afford an important (though not, of course, complete)
indication of a person's likelihood of success in any given

4
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vocation. Thisinquiry would have to be coupled with a
careful investigation into the other factors upon which
success at various performances may depend, and into the
relationships which may be found to exist between them.

The Theory of ' g\ The criterion needed for determining
which of the three types of theory is the correct one has
been established by Prof. C. Spearman. To this logically
demonstrated criterion Spearman has submitted a vast
amount of data collected from a variety of sources, and
has thereby shown that all the available evidence favours
a combination of the monarchical and anarchical views
which he has called the ' Theory of g ." Briefly, this
theory states that a person's ability in any given mental
performance is determined partly by a factor which is
common to all his other mental performances (in the sense
that these aso depend partly on the same factor) and
partly by a factor (or factors) peculiar to the perform-
ance itself. The former is known as the ' general common
factor ', or simply g, while the latter is referred to as
the specific factor. All performances, however, do not
depend to equal extents upon g—in some, a person's
uccess may depend almost entirely upon the function-
ing of this common factor; in others, but very little.
Similarly as regards the ' specific' factor—some per-
formances involve a large ' specific ' element, in others
this factor may be amost absent, success then depend-
ing amost wholly on g. The extents to which the
"general’ and 'specific' factors function are thus
held to vary independently from one performance to
another. Expressing the theory in another way, we may
say that a person's score at a mental test may always be
divided into two parts, one of which is a measure of the
extent to which the score depends on ' g ', and the other a
measure of the extent of its dependence on the ' specific'
factor. It must be added that although the general factor
functions as a unitary whole the facts of the theory do not
prevent its being regarded as composed of more elementary
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constituents, neither are the ' specific " factors necessarily
ultimate, or even wholly psychological. By them are
meant, rather, all the conditions affecting the score other
than the general factor.

CONSEQUENCES OF ¢

Let us now consider some of the conseguences arising
from this theory.

i. Meaning of ' General Intelligence ." Since the term
" general intelligence ' has been used throughout the liter-
ature of vocational psychology, and no study of a ' special’
ability can well be made without some reference to it, we
may best start by considering the light thrown by the above
theory on the meaning to be attached to this term.

With the nature of the psychological processes under-
lying intelligence the theory is not concerned, for this can
be discovered only by an analysis of ' intelligence ' itself.
But to the question, ' In what sense may " intelligence "
be called general ? ' the theory gives a definite reply, for
it clearly finds one general factor, and one only. Conse-
quently any mental ability (such as ' general intelligence ')
which is said to function ' generally ' must needs be identi-
fied with this general factor. If (asis sometimes the case)
it be argued that the word ' general’ is intended in some
other sense than this, the obvious reply seems to be that
any other sense must be too vague and indefinite to be
serviceable, if it be not altogether meaningless. If, on
the other hand, it be argued that by 'intelligence"' is
meant something other than the general factor (and the
meanings assigned to it have, indeed, been almost as
numerous as thewriters upon it), the answer is that what-
ever may be intended by this other sort of intelligence,
there is no evidence to show that it functions generally,
nor, indeed, to show how it functions at all. It would

! Such analysis has been carried out by Prof. C. Spearman, in
The Nature of ' Intelligence\ and the Principles of ' Cognition .
Macmillan, 1923.
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seem thenthat' general intelligence ', if it isto mean any-
thing, must beidentified with the' general common factor '.

2. Measurement of Intelligence. Moreover, the common
practice of measuring intelligence by averaging the scores
at avariety of mental tests, isonly justified by the presence
of a factor common to them all; if each of these tests
involved different factors the average score would not be
a measure of any.

3. Analysis of Tests. It is commonly supposed that a
test which correlates highly with a given vocational per-
formance may, on that account, be regarded as a special
test for that performance, i.e. as a test which measures
some particular ' ability' needed in the vocation in ques-
tion. But this correlation may be due largely to the
general factor. This renders it necessary to know the
extent to which such may be the case, before we can regard
the test as one of ' special' ability.

Similar remarks apply to the practice of measuring
various activities involved in a given occupation and then
combining these scores into a single one to denote the
testee's (0 caled) specia ability for that occupation.
Such a composite score is more likely to measure general
ability, or g, for the effects of different special abilities
involved (if any) will tend to cancel each other when the
scores are added together.

It is clear that in accordance with the g theory the
specia ability which a test may measure cannot be esti-
mated without some reference to the general ability on
which it must aso, to a greater or less extent, depend.

4. Analysis of ' Ability ." An analogous case occurs
when considering the nature of a particular 'ability .'
It is often taken for granted that a person's superiority
at a given kind of work is due to some special ability for
that work. Whilethismay be s, it does not follow immedi -
ately from the mere fact of his superiority, for this would
be due to some extent (varying of course with the nature
of the work) to the general factor—g. No analysis of
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"ability ' can be considered complete which does not allow
for this fact.

The view which regards general intelligence as a number
of different kinds of intelligence, or as the average of a
number of particular abilities, may be similarly criticized.
On the theory of g it becomes necessary to inquire how
far the so-called special kinds of intelligenceinvolve a factor
common to them all, and how far they depend on factors
peculiar to each of the kindsof 'intelligence ' in question.

5. " Specific' and ' Group ' Factors. We have seen that
by the theory of g any test score may be divided into
two parts, namely g + s, where g is the part dependent
on the ' general common factor ', and s is that dependent
on the factor ' specific ' to the test in question. Let us
now suppose that we have a group of tests, such as X, Y, Z.
Each of their scores may be written (g + x), (g +y) and
(g + 2) respectively, where g represents that part of the
score in test X which is dependent on the genera factor
(its value being the same for all tests), and x represents
the remainder; and similarly for testsY and Z. Now the
extent to which each pair of these tests would be expected
to correlate on account of the common g factor may be
calculated.” If this is done, and the degree of correlation
is then found to be wholly accounted for by this factor,
we must suppose that those parts of the scores represented
by x, y and z are uncorrelated, i.e. that the factors upon
which those parts depend are ' specific ' to their respective
tasks. But if the inter-correlations indicate that in
addition to the correlation due to g there is further
correlation due to a factor (/), common to X, y and z,
then we may rewrite these parts of the score as (f + p),
(/+9) and (+r)>where f is that part of x dependent
on the factor / while p is the rest of x, and similarly
for g and r.  The three scores then become (g +f + p),
(g +f+qg) and (g+f +r)- Unlike the universal g,
the influence of f is restricted to a particular group of

! For method, sse Appendix, p. 205.
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tests. On this account f has been caled a ' group'
factor. Thus, if weinclude the possibility of group factors,
a test score may be thought of as consisting of n parts,
namely one part dependent on the universal factor, g,
n—2 parts each dependent on a factor common to a
restricted group of tests (group factors), and one part
dependent on a factor (or factors) peculiar to the test itself
(the specific factor or unanalysed remainder). Hitherto,
however, little evidence of any important group factors
has been found, so that for most tests f== 0 andn = 2.

USE OF TERMS

|. ' Special' Ability. We may now give clearer meaning
to the term ' specia ability'. Often this is intended to
mean the whole concrete performance. For example,
"mathematical ability' is commonly called a ' specia
ability \  But ' mathematical ability ' is the ability to
do mathematical work, and as such may be expected to
involve the general factor. It would therefore make for
greater clearness and accuracy to limit the denotation of
the term ' specia ability ' to that part of the performance
which is found to depend on a group (or specific) factor.
We should then spesk of the specia ability or factor
involved in mathematics rather than of a ' specia mathe-
matical ability\ Conversely, when a group of perform-
ances are found to depend partly on a group factor chey
may be said to involve a ' special’ ability.

2. 'Ability’ and ' Aptitude’. Frequently the term
* ability 'isused asif it were synonymous with ' aptitude ".
Thus we have the terms ' practical ability ' and ' mechani-
cal ability —usedto imply specia innate mental qualities.
But since the term '"ability' must obviously extend its
meaning to cover any kind of performance whatever, it
would ssem desirable to continue its employment in this
wide sense, and to usetheterm ' aptitude' when only thein-
nate character of the 'ability 'isintended. Employingthe
terms in this way,we should say that a person actually able
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to carry out 'mechanical' work has ' mechanical ability ',
while one who has the appropriate innate mental constitu-
tion for acquiring this ability (whether he has actually
done so or not) maybe said to possess ‘'mechanical aptitude'.

3. Mental Process. We shall refer to any mental act
as a mental process. This may be either elementary or
complex. In the latter case it may be analysed into more
elementary processes. By 'unitary' processes we shall
mean those which cannot be analysed into more elementary
ones. Our knowledge of mental processes will naturally
depend to a large extent on introspection.

4. Factor. The existence of a 'factor ' is sought in
the relation between correlation coefficients rather than
in introspection. We have already had occasion to use
this term. Perhaps we may now generalize, and define a
' factor ' as part of the constant cause of correlation between
two or more performances. Unlike a mental process, a
factor is not necessarily a psychological entity—its inter-
pretation will depend on the analysis of the performance
in which it is found to occur.

AIM OF THE PRESENT RESEARCH

The chief questions which arise in connection with our
problem may now be formulated as follows:

The Existence of ' Mechanical' Aptitude. We have seen
that no satisfactory proof has yet been offered that the
ability to deal mentally with mechanisms involves a special
aptitude. Consequently before attempting to describe,
or measure, such an aptitude, our first problem must be
to inquire into its very existence. To do so we must first
determine whether ability for one kind of ' mechanical
work (the psychological nature of which will itself call for
examination) goes with ability for other kinds, i.e. whether
ameasurable ' ability ' for this sort of work exists.  Should
this prove to be the case, our next step must be to inquire
into the factors involved, and especially how far this
ability depends on the general factor, and how far on
specific, or group, factors peculiar to the work itself.
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The Nature of ' Mechanical' Aptitude. So much for the
guantitative aspect of our study—but this alone, how-
ever fruitful in showing the existence of factors, can tell
us little about their psychological nature, for this is the
work of subjective analysis. Consequently, alongside of the
measurement of ability at the various tests must go a
qualitative study of the nature of the mental activities
which they involve. Here, by means of introspection,
we shall aim at resolving these activities into their unit
processes. By so doing we may hope to gain insight into
the nature of any special ' mechanical' aptitude, or other
factors, which our measurements may disclose.

The Measurement of ' Mechanical' Aptitude. If our
inquiry is to bear practical fruit it is not enough to show
that a special ability exists, we must also know how to
measure it. Consequently we shall examine our data for
any indication as to how we may measure, with sufficient
accuracy, any special ability that may be revealed to us,
keeping in mind the facts relating to the general problem
of mental measurement discussed above.

Sgnificance of Results. Finally, it is important to
inquire into the psychological significance of the results
arrived at. How do these bear on psychological theory,*
on vocational guidance and on educational practice ?
Here we shall be concerned with such questions as whether
the ability in question, as Stenquist affirms, is rightly
regarded as another kind of intelligence, or whether it is,
as Thorndike suggests of some of his tests, specially indica-
tive of success at engineering. This latter question is
only part of the larger one concerning its whole vocational
scope. Equally important are many questions bearing on
current practices in education which a clearer understanding
of 'mechanical ability ' may hope to throw light on.
These considerations are reserved for the latter part of
our inquiry.

! Especially with regard to the above described views concerning
the way the mind is held to function.



CHAPTER IV

GENERAL PLAN OF THE RESEARCH

DEVELOPMENT OF NEW TESTS

XAMINATION  of Existing Tests. It seemed
desirable to start with material closest to hand,
namely, existing mental tests. The most promis-

ing of these—the ingenious assembling tests devised by
Stenquist—were given to adults and to children of both
sxes. The results, however, did not prove satisfactory
for our present purpose, for the tests showed little corre-
lation with each other, and were found to involve a cer-
tain degree of digital strength and skill; moreover, the
subjects were frequently familiar with the objects to be
assembled. It therefore became necessary to devise new
tests, which would call for those mental processes which
seemed to form a characteristic element in the operations
commfonly attributed to ' mechanical ability .'

DESIRABLE TEST QUALITIES

In devising these tests we were guided by the following
considerations :

(I) Saturation. In order to simplify the subsequent
work of interpreting results, and to ensure the maximum
"saturation ' with mechanical operations, any obviously
non-mechanical operations (such as those involved in motor
dexterity) should be avoided.

(2) Unity. Inaninquiry into the relationship between
mental abilities, or qualities, it is desirable that each test

43
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should involve one measurable quality only. To this end
the various sub-tests (or parts) of a test should call forth
as far as possible the same sort of ability. This property
of a test might be called its 'unity ." Its presence will
be shown by the correlation between the sub-tests.

(3) Reliability (or Constancy). A measuring instrument
is not satisfactory unless it gives tonstant measures when
applied to the same thing under the same circumstances.
Similarly, a test would not prove a reliable measuring
instrument unless its various 'forms' yield concordant
measures. Some indication of the extent to which this
may be the case is afforded by the correlation between the
two halves of atest (known asits'reliability coefficient).
By increasing the number of elements in a test (and so
increasing our ' sample ' of the performance to be measured)
and by decreasing the units of performance employed as
a basis for marking (so that smaller differences in ability
may become apparent), we tend to increase its reliability.

(4) Duplicability.  For practical purposes it is important
that attempts at coaching for the tests should be frus-
trated. To thisend it should be possible to prepare many
'forms' of the same sort of test. Consequently the
material of the test should be of such a kind as to render
this possible.

(5) Objectivity. The difficulty of measuring ability at
any complex performance by purely objective criteria is
well known, and accounts for the fact that tests involving
drawing, composition, handwork, construction, and similar
complex activities are often marked by reference to a
subjectively determined scale. Owing to the unreliability
of a subjective estimate we preferred to make our tests
and marking entirely objective in character by assigning
a definite mark to every point at which the subject had
an opportunity of making a response. Where subsequent
experiment showed that some points in the test were more
difficult than others the marks for the former were slightly
raised. Where correct alternative solutions were given
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they were, of course, accepted, and so marked that the
maximum score was the same irrespective of the method
adopted.

(6) To Measure * Aptitude " rather than " Achievement .'
Since we wish to investigate innate mental constitution,
and to obtain tests which would measure a person's latent
" power ' to profit by appropriate training rather than a
concrete ability acquired as a result of training, the tests
should, as far as possible, be independent of scholastic
attainments and of special knowledge or training (including,
of course, special environmental influences). They should,
in other words, measure innate ability or ' aptitude ' rather
than achievement.

(7) To Measure ' Power ' rather than ' Speed'.  Without
suggesting that these are independent, we wished to
measure ' power ' rather than mere speed. Consequently
we included questions of varying difficulty, and com-
pensated for certain disadvantages that this "might bring
by making successve variations in difficulty small, and
arranging the more difficult questions in such a way that
points could be scored at parts of these by subjects who
might be unable to answer the whole question. To do
this we aimed at selecting material whichwould lend itself
to the construction of problems of varying difficulty, and
arranging these problems so that while all subjects would
be able to do some, none would do all.

Construction of New Tests. We sought to incorporate
these features in a variety of new tests, so constructed as
to involve, in a high degree, those elements which we had
found to characterize the various operations commonly
attributed to a ' mechanical ability '. These tests were
"tried out' and revised in the light of experience until
they gave sufficiently reliable results to warrant their use
on a larger scale.

THE SUBJECTS
() Untrained Subjects—Commerce* Sudents. When the
tests had reached a suitable form they were given to severa
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groups of students of both sexes attending a Senior Com-
mercial Institute, and varying from 14 years to adult age.
These were attending courses in English, mathematics, one
(and in some cases two) foreign language, theory and
practice of commerce, and, in some cases, shorthand and
typewriting. None had received technical training in
engineering subjects. All were destined for commercial
work. In these respects they differed entirely from the
R.A.F. subjects described below.

For instructional purposes they were divided into the
following groups according to their educational attain-
ments and age : :

Group I, forty ex-service men, most of whom were over
twenty years of age.  On leaving the army these men had
taken advantage of a Government grant to improve their
qualifications, with a view to taking up commercia work.

Group | I, aclass of ten boys and sixteen girls, of average
age fifteen years eight months. These subjects were in
the second year of a two years commercial course which
was begun nominally at the age of fourteen.

Group | I I, aclass of twelve boys and ten girls of average
age fourteen years six months, in thefirst year of the above-
mentioned commercial course.

In order to examine separately the data relating to
each sex, the boysof Groups Il and | | | were put toqether
to form a Group A, and the girls similarly to form a
Group B.

(2 Elementary School Boys. The tests were subse-
quently given to the three upper classes of a London
elementary boys' school, numbering altogether 114 subjects
whose ages ranged from ten years to fourteen years three
months. None of these had received special training in
mechanics or any other technical subject involving a
knowledge of mechanisms. They were encouraged, how-
ever, to make things at home, and some emphasis was
placed on handwork in school. In this the boys were
encouraged to develop their own ideas, and a few who
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showed special aptitude were allowed to devote extra time
to woodwork at a bench which had been specially installed
for this purpose. Many of the elder boys attended a
manual training centre where they were taught woodwork
on one afternoon each week. In a school of this type the
more intelligent of the pupils above eleven yearsof age are
'creamed' off to attend Secondary or Central schools.
Beyond this, these subjects were unselected and untrained
as regards mechanical work. They were tested in the
following groups:

Group |V, the sixth and top class of the school, con-
sisting of 36 pupils, of average age 12 years Il months.

Group V, the fifth class, containing 37 pupils of average
age 12 years 5 months.

Group VI, the fourth class, numbering 41 pupils of
average age Il years 5 months.

(3) Trained Subjects—RAF. Mechanics. Our third
set of subjects consisted of 228 students taking the Passing
Out Examination of alarge R.A.F. Technical School, after
a three years' course, to qualify as mechanics in various
trades in the R.A.F. These students enter the school
as Boy Mechanics between the ages of 15 and 16 years (in
exceptional cases the age may -be extended to 17 years),
and receive a three years' apprenticeship training in one
of a number of trades together with a course of education
including English, citizenship, practical mathematics,
applied mathematics, mechanical drawing, general science,
and physical training. The boys are not allowed to com-
plete the course unless they pass the intermediate tests
. and otherwise show satisfactory progress during the period
of training. Among the more important trades into which
the successful candidates pass out are those of carpenter,
pattern maker, coppersmith, draughtsman, various kinds
of fitter, instrument maker, wireless operator mechanic
and electrician. Thisgroup, then, had been both' selected '
and 'trained' for this kind of work.. It isreferred to in
our resultsas Group V I | .
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THE DATA COLLECTED

(1) From the Commerce Sudents. After the specially
devised tests had been tried-out on a limited number of
adults and children they were given, as group tests, to the
commerce students. It was not found possible to give
all of thenine testsemployed to every group. This hardly
mattered since our main object, in this early testing, was to
se whether the tests could be suitably used as group
tests, and whether they were likely to yield the kind of data
required to throw light on our problem. In addition to
these specia tests some of the subjects were able to take
one of the customary forms of "intelligence ' test.!

(2 From the Elementary School Boys. The results
obtained with the commerce students proved to be of
sufficient promise and importance to warrant the further
collection of data. Consequently, after slight modifica-
tions had been introduced in the light of these results, the
tests were given to the elementary school boys. In
addition, these pupils' grades at their last three school
examinations, based in each case on all twelve subjects
of the curriculum, were supplied by the head-master. In
the case of those pupils who attended the manual training
centre, two estimates of 'ingenuity’ as shown (1) in
woodwork, and (2) in technical drawing, were obtained
from the manual training master. The aim of the research
was explained to the master who kindly undertook td give
these estimates, and he was asked to base the latter as far
as possible on the originality and ingenuity displayed by
the pupils rather than on manual skill and care in executing
the work. At the same time the estimates can hardly be
expected to be entirely free from these influences. It was
hoped, originally, to obtain similar estimates of ' ingenuity '
from the class teachers, but the teachers of the fourth and
fifth classes felt that the pupils' work in school did not
provide sufficient opportunity for observing thistrait. In

! The actual tests and other measures employed in the research
are described in detail in the following chapter



GENERAL PLAN OF THE RESEARCH 49

the sixth (and top) class the pupils had been in the habit
of showing their teacher the various objects which they
had been encouraged to make at home, and greater oppor-
tunities of doing handwork in school were provided.
Consequently the teacher of this class was able to supply
two estimates of ingenuity, one based on the handicraft
carried out at home, the other on the handwork done at
school. Although both estimates aimed at measuring the
same sort of ability, it is possible that, being derived from
different sources, different factors may have operated in
each case! For this reason we have kept them apart in
our data.

(3 FromtheRA.F. Mechanics. Subsequently, we were
able to give two of the tests to our last batch of subjects—
the candidates at the Passing Out Examination of the
Royal Air Force School. These aso took a 'Mental
Efficiency Test' devised by the Education Department
of the Air Ministry, and an intelligence test devised by
Professor Spearman. The mental efficiency test consisted
of two parts which have been kept distinct in our data,
for the first of these resembled certain kinds of intelligence
tests while the second seemed akin to our own tests. We
were also able to obtain the subjects positions at the
Passing Out Examination, which consisted of (1) acompre-
hensive written examination in the subjects (mainly
technical) of the school curriculum, and (2) a practical and
theoretical test in trade knowledge and ability. These,
together with the tests, are described in detail in the next
chapter.

TREATMENT OF DATA

Testing the Tests.  Our first step was to inquire whether
the measurements provided by the tests could be relied
on. How far, for example, did the scores yield genuine
measures of the sort of activity involved, and how

! For example, we should expect interest-and home environment
to play a larger part in home handicraft than in school handwork.
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far, on the contrary, were they affected by disturbing
influences ? Information on this point is given by the
correlation between those tests (or parts of a test) which
purport to measure the same activity, for measurements of
the same thing should, of course, agree within the limits
of experimental error. Where complex psychological
activities are concerned perfect agreement cannot be
expected. In this case the correlations serve the important
purpose of informing us of the extent to which our measure-
ments must be repeated and in some way 'pooled’, in
order to yield a sufficiently reliable measure. The exten-
sive data obtained from the commerce students and the
elementary school boys were employed to investigate this
question of reliability. Withaview tothefurtherimprove-
ment of the tests by eliminating those parts which showed
little correlation with the rest, we have determined the
correlation between each pair of sub-tests, in the case of
the elementary school groups.!

Examining for Factors. The next part of our research
is concerned with discovering what is measured by our
various tests and estimates. How far, for example, do
they all depend on the same kind of mental ability, and
how far on independent abilities? To what extent does
ability at the ' mechanical' tests go with ability for school
work ? Is there any evidence for a special ability which
might appropriately be called ' mechanical' aptitude ?
This inquiry into the factors involved has been effected
by calculating the coefficients of correlation between the
various parts of our data and examining these in the light
of Spearman's criterion for a single common factor.

Measuring the Factors. Our results disclosed the pre-
sence of a special ' mechanical' factor. Consequently our
next step was to inquire how far success was due to this
factor, and how far to the general factor (g). To this end,
coefficients showing the extent to which the tests in ques-

L1t will be seen later that each of the tests employed was con- _
stituted of some half-dozen sub-tests.
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tion correlate with each of these factors were calculated.
These coefficients in turn were used to work out the method
of measuring the specific factor—or special ability—in the
case of any individual.

ANALYSIS OF TESTS
While the quantitative work outlined above was able
to indicate, objectively, the factors involved in our data,
it could throw little light on their psychological nature.
For this purpose it was necessary to make a qualitative
study of the mental activity itself. The tests were there-
fore submitted to a subjective analysis, based mainly on
the introspections of trained psychologists, and carried
out in the light of Professor Spearman's principles of cog-
nition. The method adopted here, and the results arrived

at, are dealt with in a separate chapter.



CHAPTER V

DESCRIPTION OF TESTS!
SERIES |.—TAKEN BY COMMERCE STUDENTS

R the sake of clearness it will be well to describe
our tests in the same serial order as they were
given. Those used in Series Il and | | | are not
essentially different from the tests of Series |, but consti-

tute slight modifications of them. The following tests
were taken by our commerce students.

' MECHANICAL MODELS'"

This kind of test employs a series of mechanical models.
These were so devised that the subject could only s the
first and last link in the series of mechanical events which
occurred when the model was worked (by hand). He
was required to indicate by a simple sketch (with the
addition of such words as he thought necessary) how the
observed movements were' brought about. Each model
was made large enough to be clearly visible to a group of
forty children seated in an ordinary classroom. The time
allowed the subject in which to work out his answer varied
from 3 minutes for the simpler models to 10 minutes for
the more difficult ones. Words such as ' pivot', 'slot’,
"joint', which the subject might wish to use in describing
his methods, were explained beforehand, and the solution
of the first model was worked, on the blackboard, as an
example. It was impressed upon the subjects to make

! Information concerning the tests here described may be ob-
tained from the author.

52
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their drawings clear, and to put in all necessary parts, but
marks would be given for ideas and not for ability to
draw, and that it did not matter whether they drew their
answer from the back or from the front point of view.

The explanation accompanying the exhibition of the
first model is necessarily somewhat lengthy, but when
once the subjects have grasped what is required of them
the experimenter has only to exhibit the model and to
point out the essential features to be observed about it.
Some examples, with diagrams, must suffice to indicate
the kind of concrete models used.

Example, ‘After suitable introductory remarks have
been made, a large copy of the model illustrated in Fig. |
is held up before the group. The experimenter slowly
pushes handle A up with one finger, remarking, ' Notice
carefully that when this handle is pushed up the other
one also moves up, so that both handles move at the same
time, also when this is pushed down (illustrating) the
other handle comes down. Notice, too, that the model
will work from either handle (illustrating by moving
handle B up and down), and in any position (illustrating
by working the model on its side, and upside down).
Now make a simple sketch to show how you think the
model is made. First put in the square (C D E F) and
the two handles. Then put in the parts which are neces-
sary io make the model work." One solution is shown
inFig. 1A.

G D
F
& S 5%5
A
f FIG. 1. £ FIG. [ A.—Answé.

Sixteen models of varying difficulty were prepared for
this first series and were grouped into tests as follows.—
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Test My

Test M; consisted of the following 5 models :

Model 1—as above example.

Model 2 :

Points to observe: When handle A is moved upwards,

A

button B aso moves upwards in the slot; when A moves

down again, B moves down. Model worksin any position.
Model 3:

Points to observe: When A is pushed to the right, B
travels up its slot; when A is pushed back again (to the

B

|
d:
left) B travels down. Model works in any position.
Model 4:
Pointsto observe: With B inits present position, window

(aperture) W is closed by a shutter behind it; as B is
pushed up the slot, W opens and remains so until B reaches

*

B

the top of its slot, when W again closes. As B travels
down its slot W opens and remains so until B reaches the
bottom of the slot, when W again closes. When B is at
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the bottom or top, W is open; for all other positions of
B, W is shut. Model works in any position.

Model 5: |

Points to observe:" In the present position of buttons A,
B and C, the window is closed. When B is pushed up
along its curved slot, both A and C travel aong their slots

d
v

and W opens.  The movementsof A, C and W are reversed
when B is pushed down again. Model works in any
position.

w 7 8

Test M,
Test M, consisted of the following three models:

Model 6:
Points to observe: When one string (D) is pulled, C
travels down its slot, while A and B move apart (along

uc &=

.

their slots); when E is pulled the reverse movement
occurs. Model works in any position.

Model 7 :

Points to observe: A and B are br|C|ons which work in
slots.  When handle C is pushed ‘to the right B travels
down, and A up, their respective slots, their movements
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occurring simultaneously. 1f, when A and B have reached
the other extremities of their dlots, C is released, the

AN
ﬂ B“
A
buttons (A and B) travel back to their original positions
(as drawn) of their own accord. Moving C to the left has
no effect on the buttons.  The model worksin any position.
Model 8:
Points to observe: The model is ready to work when A,

B and C occupy the positions shown. When A is passed
along the slot to the right, B and C travel along to the

ﬂB.:..:a
A

i

other ends of their slots. When A is pushed back to its
first position nothing happens to B or C,—they must be
pushed back into their original positions if the model is to
"work ' again. The model works in any position.

., Tests M, and M, consisted of another 5 models and 3
nipdels respectively, and were similar in principle to those
already described.

" MECHANICAL EXPLANATION '

In this kind of test the subject is presented with a paper
containing several mechanical diagrams each of which
is accompanied by a written description of it. He is
required to answer \set of questions about each diagram
which involve the explanation of the way various parts
of the depicted mechanism work. _
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Test E, (35 mins))

No marks of any kind to be made on this paper.
I. A B and C D are two rods which balance at the ends
of firm upright supports as shown in the diagrams. B and
C are connected by a wire exactly as shown.

i.&%.i

 S—— N i —

(@) If a 2-pound weight is hung at A and a i-pound at
D, what would happen ?

(b) If the 2-pound weight were transferred from A to
B, what would happen ?

(© If B were fastened to D by the wire, instead of to
C, the rods and weights remaining exactly as in
the diagram, what would happen ?

(d) If B remained fastened to D and the 2-pound weight
was transferred to B, what would happen ?

2. A B Cis atriangular piece of metal turning round
on the pivot O in a clockwise direction. D K is awide
rod with a dlot cut init. P is a pin fixed firmly to
AB.C and passing downwards through this slot. E F

E F
H

)
«q
C

and G H are long narrow slots cut in the base of the model.
K and D are pins fixed firmly to the slotted rod D K and
passing downwards through the dlots E F and G H respec-
tively. You may assume the model works,
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(8 When A B C revolves, which point moves quickest
and which sowest ?

(b) Can you name the path along which A travels ?

(c) How does K D move ?

(d) Does K D move at the same rate throughout its
journey ; if not, briefly describe its kind of move-
ment, saying when it is moving sowest, and
when fastest.

(e) What would happen if the pin at D were suddenly
kept from moving ?

(/) 1f the grooves and pins at K and D were removed
and the rod pivoted to the base at D, how would
the end at K move when the triangle revolved ?

(g) Under these conditions would K aways move at
the same rate ? If not, describe its position(s)
when it would be moving fastest, and its position(s)
when moving slowest.

3. A, B and C (diagram a) are three cog-wheels which

exactly fit together. A has 60 cogs, B 20 and C 80. The
chain is not put on yet.

(@ If A turns clockwise, in which direction will C
turn?

(b) Which will turn round dowest and which quickest ?

(© If, without changing the speed of A, you wished
to double the speed of C, how would you alter
the size of A ? (Give as accurate an answer as
possible.)
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(d) If the speed and size of A were unchanged, how
would doubling the sze of B affect the speed of
C?

(e) If a chain having links is passed over the wheels,
as shown, say accurately what will happen to
W when P is pulled down one foot.

(/) Which, if either, will travel quicker, P or W ?

(9) If C were made the same size as A, would this change
alter the effect on W when P is pulled ? If s,
say exactly how.

(h) If B were made the same size as A (C remaining its
original sze of 80 cogs), how would this change
affect (if at al) the working of W when P is
pulled?

(i) If C were taken away so that W hangs straight from
B, how would the change affect the result of
pulling P (if at al) ?

() X, Y and Z (diagram b) are three equal-sized cog-
wheels fitted together, all touching each other as
shown. When X ispushed in the direction shown
by the arrow, what happens to Z ?

4. A Bisarod pivoted at C; X D Y is a bent rod

pivoted at D ; E is apieceof metal pivoted at its centre;

separate pieces of wire connect B to X, Y to E, and the

other arm of E to the weight W, after passing over the
pulley-wheel F. The various pivots are held firmly in
position by suitable supports.
(@ If A" s released from its present position, would it
lisi or fall ? :
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(b) When A is pushed downwards, what happensto W ?

(c) When A is raised, what happensto Y ?

(d) When A israised, what happens to W ?

(e) If thewire passed straight from the armof Y tothe
pulley F, which way would you move A in order
to lower W ?

(f) If, instead of having thewire B X, the arm X were
lengthened and pivoted to B, what would happen
if A were pressed upwards ?

(9) If all the parts were held in their present positions,
then B Y joined by wire and B X cut, aso X
joined to E and the wire from E to Y cut, what
would happen when the parts were released ?

Test E,. (35 mins.)

I. A Bisan L-shaped rodfixedrigidly to an upright rod
C. From A and B the weights X and Y are hung. If C
were rapidly turned (but kept in its upright position)

C
A B

Y

X
(a) Say exactly how X would travel.
(b) How would the distance X Y change ?
(c) Which would move faster, X or Y or is there ng
difference ?
2. X Y is arod pivoted at O to a support. E F is
a string connecting one arm of the rod to the support. W

X o ¢

AN 0 F
d“]
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is a weight supported by three strings and just balances
P.

(@) If a and b were cut, how would it affect the balance

between W and P ?

(b) If W were doubled, how would it affect P ?

(c) If P were doubled, what would happen to W ?

3. X Y is astraight piece of wood. A string tied at C
passes over wheel A in an anti-clockwise direction, then

JC
E 8’
g
F
y¥
round B in a clockwise direction as shown. It is then
pulled tight and tied to D.
(@ If X Y works on a pivot at E, say exactly what will
happen to A and B if Y is pushed to the left.
(b) If the pivot is moved from E to F, what will happen
to A and B if Y is pushed as before ?
(c) If X Y were taken away and the string passed over
2 the wheels K and M instead of being tied to X Y,
what would happen to A and B when K was turned
clockwise ? (K and M arefitted together exactly
as shown.)

4. A B Cis atriangular piece of metal, pivoted in an
upright position at 0. D is a pulley wheel over which a




62 MECHANICAL APTITUDE

single piece of elastic cord stretches from B to A.  Weights
W and P are hung from B and C.
(@) If the whole remains at rest in the position shown,
which arm of the elastic is pulled more, D A or
D B, or is there no difference ?
(b) Say, by looking at the diagram, which is heavier, W
or P?
(c) If D were moved farther from A horizontally, would
B rise or fall ?
5. ABand CD are tworods pivoted at their centres to
uprightsupports. Five-pound weightsarehungat C and D,

A : B
AV
5\ feal

C and D are then fastened to B by strings exactly as
shown.
(@) If 15 pounds is then hung at A, what, if anything,
will happen to D ?
(b) If B D isthen cut, what will happen to C ?
(©) If the weight at A is then changed to 2 pounds, what
will happen to B ?
6. A Bisarodwhich didesin the groove shown. When
the string Sis pulled B rises to the top of the groove and

J£-A

A

B
s! 1T

returns to the bottom When T is pulled.
Draw a simple diagram showing how this is done.
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MECHANICAL EXPLANATION AND COMPLETION

Test EC. (35 mins.)

This consisted of 8 sub-tests. Six were of the ' explan-
ation' type. In the remaining two the diagrams were
incomplete, the problem being to complete the diagram
S0 as to show how some given mechanical arrangement
could be brought about. )

1. ACisarodbalancingon apivot at B. W isaweight

A__B

i

hanging from A. A B measures one foot. B C measures
two feet.

(@) If Cispushed downward through a circular distance
of | foot, say exactly what will happen to A.

(b) Will W changeitsdistancefromthe ground by more or
less than, or the same as, A's distance changed ?

2. The wheels of cycle A are larger in circumference than

those of cycle B. Both cyclesare similarinevery other'part.

(@) On which cycle would you have to press harder to
pedal 10 miles per hour along alevel road ? Give
reasonsif you can.

(b) If the cranksof a cycle were made longer, would you
have to press harder or not so hard in conse
guence ?

3. The diagram shows an iron bracket fixead to the wall

a
b
3
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by the holes at a, b, ¢; d, e,/, g, and h, and supporting the
heavy weight w.

(@) If you had only two screws with which to fix the
bracket, where would you put them in order to
fix the bracket most strongly ?

(b) If you had only one screw, where would you place
it?

4. AB is a straight rod pivoted at 0. CD is an L-

shaped rod pivoted at C. W is a weight supported by a

string fastened at D and passing over a pulley wheel as
shown.
(@ If Alisgradually pulled downwards, say exactly what
D would do.
(b) Say exactly what W would do.
5. AB CD are four strips of wood hinged together.
Draw a diagram to show how you would fix this frame

rigid by nailing straight strips of wood to it and using

the least possible number of strips.
6. ABisarod pivoted at O to asupport. Cisatrian-
gular piece of metal pivoted at P to a support. A heavy
weight hangsfrom |3. A Cisjoined by astring and astring
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from C passes over the wheel D, as shown. If itsend E
is pulled in the direction shown by the arrow,

A

(a) Say what will happen to C, and

(b) What will happen to W ?

7. Show on a diagram which part of a cart-wheel moves
quickest at any given instant while the cart travels along.
Explain why.

8. ABCD is a table-top. Z is a trolley running on
rails. When the wheel W is turned clockwise Z moves
A 8

w(®

2

D c

to the right. When W is released Z automatically runs
back. .
Draw a diagram to show any simple arrangement which
will do this.

! MECHANICAL DIAGRAMS'

Test D

For this test six large diagrams were prepared. The
first two represented actual objects * (a brake band and
an automatic tipping scale), while the remaining. four
represented various mechanically connected items, such as

LIt is unlikely that any of the subjects taking this test would
have met with these objects.
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rods and wheels, which although working together con-
stituted no existing object. Eachitem was clearly |ettered.
The subjects were required to describe, by referring to these
letters, how the mechanism worked. With the commerce
students the diagram was simply exhibited and the subjects
were allowed to write their descriptions as they thought
best. With the younger elementary school groups it was
found more reliable to point to, and name, the various
parts of the diagram, taking care to give no hint as to how
they moved when working, and then to ask questions about
the working of these. The diagrams and questions were
as follows:
Diagram I .

(a) What happens when C is pushed upwards ?
(b) What is D for ?

Diagram 2.
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(a) Explain what would happen if the tap C were turned
on and left.
(b) What is H for ?

Diagram 3.

() What happensto | if Aisturned clockwise ?

(b) If A's direction of turning were reversed, would it

. affect I's movement ? If so, how ?

(c) If E were removed, wouldit affect the working of the
machine ? If so, how ?

(d) What is J for ?

() Why is J this shape ?

(f) What is H for ?

Diagram 4.

(a8 When B is let _go, what happens to R‘?
(b) When B is let go, what happens to K ?
6
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(c) When | is turned, what happens to M ?
(d) When P moves up and down, what happens to R ?

Diagram 5.

(& What is D for ?

(b) What is | for ?

(c) When A is turned, what happens to E ?

(d) When A is turned, what happens to P?

(e) What part, if any, would stop working if W were
removed ?

Diagram 6.

(a) If steam is passed through A, what happens to O ?

(b) What is J for ?

(c) Which way does M move ? (Show by drawing an
arrow.)

(d) Which way does | turn?

(e) Say exactly how K moves.

(f) Say exactly, how O moves.



DESCRIPTION OF TESTS 69

" KNOTS

Test K

On each of 20 cards large enough to be seen by the group
was drawn, in outline, a rope having various twists and
turns in it. The cards were presented in turn with the
instruction:

" A and B are the ends of a piece of rope lying on atable.
If A and B were picked up vertically from the table and
pulled apart, how many knots, if any, would be tied in the
rope ? "' The making of a single knot was demonstrated
practically. As this test proved to have no specia value
as a' mechanical’ test, it was not used in subsequent work,
and we give here an example only of the diagrams used :
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* INTELLIGENCE"

Test G

In addition to the above specially devised tests it was
found possible to give to Group Il certain of the tests
employed as part of the customary' battery ' of intelligence
tests. These were given merely for purposes of comparison
with the other tests and were not intended to measure,
in any complete sense, 'intelligence’, or g. The tests
employed were those known as ' opposites’, ' completion'
and ' mixed sentences . In the first of these the subject
was required to write against each of a series of words one
of opposite meaning; in the second, to complete a series
of sentences by supplying suitable missing words; and in
the third, to place in correct order the words of a dis-
arranged sentence. Test G is the combined score at the
three tests.

SERIES II,—TAKEN BY ELEMENTARY SCHOOL
BOYS '

' MECHANICAL MODELS"
Tests M5, Mg, M4

For this series of experiments eight additional models
of the kind employed in Series | were constructed, making
altogether twenty-four. They were originally dividedinto
3 groups of eight each, constituting tests Mg, M and M.
One of the models in Ms, however, was found to be too
difficult for these subjects and was consequently omitted,
leaving only seven in thistest. Each test included models
of varying difficulty—from quite simpleto rather complex



DESCRIPTION OF TESTS 71

mechanisms. Apart from the greater number of models
introduced, and a consequent re-grouping of them, these
tests were similar to those already described on pages
46-49.

" MECHANICAL EXPLANATION '

Test Ez. (35 mins.)

Five sub-tests of the 'explanation' type, three being
modifications of those used in Series| :

1. W is awheel fixed to an upright wall so as to turn.
A B is arod fixed to the same wall by a pivot P so as to

A De
1P
) 3
B -
turn round on it like the arm of a windmill. A string

is tied to A and passes over a pulley wheel (a small wheel
with a grooved rim) as shown at D.
(a8) What happens when the string at S is pulled ?
(b) What change could you make in the way of fixing A B
if you wanted the model to work with more force
i when Sis pulled ?

2. A Cisarod fixed to the support B D so as to turn on
apivot at B like the beam of apair of scdles. W is aweight
hanging from A.

(@) If the rod A C balances, is the part B C heavier, not

so heavy, or equal in weight to W ?

‘A B G
- j
Zw}

D
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(b) If C is pushed six inches nearer to the ground, will
A rise more than, less than, or the same distance ?

(© If youwanted W to travel further from B, would you
push C up or down from the present position ?

(d) As Cis pushed down, would it trace out in the air a
straight line or a curve ?

(e) If C were pushed down fromits present position until
W was raised three inches higher (measured from
the ground), would A have to pass through more,
less, or the same distance (3 inches) measured
exactly along the path A would travel ?

3. Wisalarge wheel fixed to an upright wall. On each
side are pulley wheels, A and B, aso fixed to the same
wall. P and Q are weights. Strings from these pass
upwards over the pulley wheels. The loose ends of these

strings have not yet been fastened to the wheel but are
shown at C and D.

(@) To which letter on the rim of the wheel would you
fix C, and to which would you fix D, so that when
W is turned for a short distance in the direction
of the arrow both weights rise equally ?

(b) To which letter would you fix P sothat it first rises
and then falls when W is turned as before ?

(c) Where on the rim would you fix them so that both
weights rise, but P rises more than Q when W is
turned ?

4. A Bisastraight rod fixed to an upright wall so as to

turn on a pivot at O like an arm of a windmill. CD is
an L-shaped rod fixed to the wall so as to turn on a pivot
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C. The pulley wheel is fastened to the wall as shown. A
string is fastened to D, passes over the pulley and holds
the weight W. The whole remains at rest in the position
shown.

A C

B

(@ If A were pulled downwards until it could go no
farther, would C D move? If S0, describe exactly
the path D would trace out in the air.

(b) Under the same circumstances describe how W
would move (if at all).

(c) If W grew heavier and heavier and C D is left un-
touched, will CD alter its position? If o,
describe exactly its new position (draw a sketch
if you wish).

(d) If the upright arm of C D were made twice as long
and the pivot C placed correspondingly higher in
the wall, the rest remaining the same, how would
this change affect the way C D would move when
A is pushed down ?

5. AB and CD are two rods fixed at their centres to
upright supports by pivots so as to turn like a pair of
scdes. C and D are then fastened to B by strings exactly
as shown. Five-pound weights are hung at C and D.
What would you expect to happen

(a) If 15 pounds were hung at A ?

(b) If 2 pounds were hung at A ?

(c) If 15 pounds were hung at A and B D.cut ?

(d) If 2 pounds were hung at A and B D cut ?
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And
(e) If 16 pounds were hung at A, bothweights removed
from C and D and B D cut, what weights would
you hang and where, so as to make A B balance
horizontally (as drawn) ?
(Same diagram as for Test E;, Sub-test 5, p. 62)

" MECHANICAL COMPLETION

Test C. (35 mins))

Six sub-tests of the kind referred to as ' mechanical
completion ' in Test EC :

1. Aisawheel fixed firmly to a smaller wheel B so that
both must turn together. C is another wheel with a
handle fixed toit. Wheels B and C have grooved rims

over which a band is passed as shown, so that when C is
turned the band turns B and this turns A.

(&) What change, if any, would you make in this simple
arrangement, so that when C is turned one way
A turns the opposite way ?

(b) Suppose you wished A to turn at the same rate as
C (s that A turns once every time C turns), what
would you have to take care to do when making
this model ?

(c) What change could you make in the model so as to
increase A's speed when C is turned ?

2. The diagram represents a narrow box having holes
inits front side at A and B. Suppose you wished to fix
up a simple arrangement inside, so that when a marble
was pushed into the hole at A it hit the bell at C and then
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came out of the box at B. Draw a simple sketch to explain
how you would make this arrangement. The shape and
position of the box may not be changed.

3. ABCD is a large table-top. Z is a truck which
runs on a pair of rails as shown. X and Y are strings.
While X is being pulled in the direction shown by arrow, Z

A B
a
3
D ¢

runs to one end of the rails; while Y is being pulled as
shown by arrow, Z runs to the other end of the rails.

(a) Draw a simple drawing to show how this arrange-
ment is brought about.

(b) How would you arrange it so that while one string
is pulled the truck runs from one end of the line
to the middle and stops, and then while the other
string is pulled it continues its journey over the
rest of the line ?

4. A B represents the floor of a room. X Y is a rod

YN
A B
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passing through aholeinthefloor. W is awheel in aroom
below. K is a block which presses on the wheel when the
brake ison. Ris arod fixed to K.

(a) Make a simple drawing to show how you would
arrange some mechanism so that when Y is
pushedin the direction of the arrow the brake K is
pressed on to the wheel. Any pivots, rods, etc.,
which you would use should be shown plainly.

(b) Can you suggest how you would arrange it so that
when Y was released the brake K came off the
wheel automatically ? You may use the same
drawing as for (#).

(c) What specia precaution would you have to take
when planning this if you wanted the pressure
exerted by K to be greater than that put on Y ?

5. ABCD is alarge flat, level table-top. Z is a small

truck which runs on a pair of rails as shown. W is awheel
fixed to the table. (Same diagram as for sub-test 6,
omitting P.)

(a) Suppose you wanted to fix up an arrangement so
that when W was turned by hand the trolley
moved from its present position to the other
end of the line; make a simple drawing to show
how you would do it.

(b) Suppose you wanted the trolley, after reaching the
end of the line, to run back of its own accord
when the wheel was released; make a simple
drawing to show how you would fix up a simple
arrangement for bringing the trolley back—there
must be no mechanism on the trolley itself.

(c) Can you suggest away of increasing the speed of the
trolley without turning the wheel W any faster
than before ?

6. The diagram shows the same table-top as before, but

there are now two trucks (P and Z) and lines as shown.

(a) Make a simple drawing to show how you would fix
up an arrangement so that when the wheel W
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D s C
was turned each trolley ran to the other end of
the line (in opposite directions).

(b) Can you show, by asimple drawing, how you would
arrange for Z to run twice as quickly as P when
W is turned, both running in opposite directions
as before ?

' MECHANICAL DIAGRAMS'
Test D
ThesameasTest D in Series|, p. 65.

SERIES I11.—TAKEN BY TRAINED MECHANICS

Of our own tests the R.A.F. mechanics were able to
take the following:

' MECHANICAL MODELS' (MODIFIED PROCEDURE)
Test M. (30 mins.)

As circumstances made it impossible to present the
actual models to this group of subjects, the procedure
was modified by presenting instead a drawing of each
model, accompanied by awritten description of the move-
ments which occurred when the model was worked. As
before, the subject was required to show how the described
movements were brought about. Each subject was sup-
plied with a paper containing five such diagrams (the first
of which was worked as an example) and the following
instructions:

"Each of the drawings shows, an unfinished sketch
of some simple mechanism. Complete each one so as to
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indicate how the movements described are brought about.
You will be marked on the ideas you display—not on
drawing ability. Show essential points clearly. Draw
freehand, in pencil. The first is worked as an example/
Example.

i. B, a button, dides up and down a groove in a flat
piece of wood. While H, the end of arod, is being pushed

s HB v | -

Answer.

down, the button B moves up. While the string S is
pulled, B moves down. Complete the drawing as
instructed.

2. The button B moves up the groove when the end of
string X ispulleddown. It moves down while Z is pulled.

p

xi iz
Complete the drawing.
3. The same as Model 4 of Test M ¢ p. 54.

C|

.
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4. The buttons B and C work in grooves of different
lengths.  While B is pushed to the top of its groove C
travels to the bottom of its groove automatically, and the
shutter S uncovers an aperture beneath it. When B is
pushed back again the movementsof C and S are reversed.
Complete the drawing.

5. Ris the end of a rod which, when pushed to the left,
causes button B to travel along its groove in the same

o ———t
C

B
—s

AN

direction, and C to travel along its groove in the opposite
direction. Complete the drawing.

" MECHANICAL EXPLANATION '

Test Ej
This was the same as Test E; of Series ||, p. 71.

MENTAL EFFICIENCY EXAMINATION

The Mental Efficiency Examination consisted of a group
of mental tests devised by Colonel I. Curtis, Educational
Adviser to the Air Ministry, and given as part of the
Passing Out Examinations.! It falls into two parts. The
following examples illustrate the nature of the tests
employed.

Part | .—Test A;

Three sub-tests constituted this test as follows :
Sub-test A. (3 mins.) Two rows, consisting of figures
or other symbols, were presented. In some cases the

1 See pp. 47 and 49.
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figures followed the same order in both rows, in others the
order differed. The subject was required to detect these
differences in order. The rows increased in length as the
test proceeded.

Sub-test B. (10 mins.) Here the subject was presented
with a row of numbers or other symbols, which when
complete formed a regular series. Some of the numbers,
however, were omitted and the subject was required to
discover them. The whole test was composed of 1l such
series. '

Sub-test C. (10 mins.) This was similar to Sub-test
B with the exception that every series here consisted
entirely of numbers.

Part Il.—Test A,

Sub-test i. (10 mins) The subject was required to
indicate the position of the creases, and the effect of the
cuts which result on folding and cutting a square sheet
of paper in agiven way. Two such problems constituted
the 10 minutes test.

Qb-test 2. (10 mins) This consisted of two parts.
In the first of these the subject was told that a painted
3-inch cube was cut up into i-inch cubes. He wasrequired
to determine, mentally, answers to questions relating to
the number of small cubes obtained, the number of saw-
cuts necessary, the number of cubes painted on one side,
etc. The second part was a variation in which the smaller
cubes were re-assembled in stated ways.

Qub-test 3. (10mins.) The following is taken from the
test, verbatim :

"In a certain type of puzzle, a piece of cardboard or
thin wood in the shape of atriangle or other simple figure
Is divided by straight cuts into a number of separate
pieces. These pieces are laid flat on atable, and the prob-
lem isto fit them together again toform theoriginal figure.
Some of the pieces can be slid directly into place, others
have first to be turned over.
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The following diagrams are examples of such puzzles,
in which the pieces are to be fitted together to form the
figure shown on the left and so arranged that wherever
a choice is open those pieces which carry odd numbers
occupy the upper and right-hand part of the figure.

' Consider each exampleinturn ; decidefirst which pieces,
if any, must be turned over, and then the position each
should occupy, bearing in mind in each case the rule as
to the odd numbered pieces. Having done this, draw
lines across the corresponding figure in the space marked
Test 3 of Part Il of your answer sheet, to mark the position
of each piece. Then, in each division, write the number
of the piece to which it corresponds followed by the letter
T, if the piece has been turned over, and N if it has not
been so turned.

' Example | has been answered to show you exactly what

is required.'
VAVAGN %
I\ '\41-2" 3K

Answer

Qb-test 4. (10 mins.) 'Each of the following dia-
grams represents a simple mechanism constructed of flat
metal”plates and bars fastened to a wooden baseboard by
screws, about which they can turn or slide. These screws
are indicated in the diagrams by small circles containing
a cross : for clearness their heads are not shown, but it is
to be assumed that in all cases the pieces cannot be lifted
from the baseboard. Where two of the metal pieces are
connected by a pin-joint, the pin of the joint is indicated
by a circular dot.

' The metal plates and bars can be moved by the handles
marked X, Y, or Z, and in each example the problem is
to determine the character and sequence of the movements
necessary to free the central plate, which it will be seen
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is prevented from revolving by boltsthat slide into notches
initsrim.

" Determine these movements for each example and
describe them by entering, in the space marked Test 4 of
Part 11 of your answer sheet opposite the words " First
movement ", " Second movement ", and soon, (1) the letter
representing the handle moved, and (2) one or other of the
words " In", " Out ", " Clockwise", " Counter-clockwise ",
according as the handle is moved towards or away from
the centre, or is turned with or against the hands of a
watch lying face up on the baseboard.

" Enter only those movements which are essential.

' Be especially careful not to enter any which cannot be
made. In the case of the first example, the entries have
already been made to show you exactly what is required/
Fig. 2 illustrates the type of diagram employed.

EXAMINATION IN SCHOOL SUBJECTS

The following details will indicate the nature of this
part of the Passng Out Examination :

Mathematics |I. (3 hours) Part | of this paper con-
sisted of fairly straightforward calculations involving
arithmetic and geometry. Of five questions, one required
the working out of a solid shape from a plane figure,
another a proof of a mechanical movement. Part Il
contained more difficult problems of a practical kind
involving plane and solid mensuration, algebra and
elementary trigonometry. One of the five questions
involved the working out of relationships between the
movements of parts of a mechanism, in another it was
necessary to make use of certain relationships between
the parts of a plan to calculate its area

Mathematics Il.—Advanced. (3 hours.) This was a
more difficult paper in mensuration, algebra, elementary
trigonometry and the calculus. Two of the ten questions
set needed a knowledge of mechanics, two others involved
mechanical movements, and two required the working
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out of space relations between objects from given bearings.

Science I. (3 hours) This paper contained five prob-
lems in applied mechanics and three in heat.

Science II. (3 hours)) This was a more difficult paper
than the first science paper, and contained seven problems
in applied mechanics and three in heat.

Science—Questions on Set Tasks. (3 hours.) In this
paper the candidates were asked questions on some subject
of which they had made a special study, and to solve
problems thereon. These subjects were : (1) The Internal
Combustion Engine and (2) Properties of Materials of
Construction. The questions set in the above papers
related, with few exceptions, to machines (in the wide
snsg) or their parts.

Drawing. (3 hours) This was an examination in
technical drawing in which each group of mechanics took
the paper appropriate to his own branch of work. The
candidates were required to draw plans, elevations, pro-
jections, sections, etc., from given drawings.

English 1. (3 hours.) In this paper one hour was devoted
to an Essay, the remaining time to questions on English
History.

English II. (3 hours.) The first two partsof this paper
tested a candidate's ability towrite intelligently on matters
of general interest, his knowledge of English literature
and his general reading; the remaining three parts dealt
with History.

TRADE TEST

This part of the Passing Out Examination consisted of
a practical workshop test in that branch of work for which
the student had been trained, a viva voce test in Trade
Knowledge, and a written paper in the same subject.

" INTELLIGENCE ' TEST
Finally, this same group of subjects took an ' Intelli-
gence ' test devised by Prof. Spearman which occupied
1 hour. This aso formed part of the Passing Out
Examination.



CHAPTER VI

THE TESTS EXAMINED AS MEASURING
INSTRUMENTS

THE MEASUREMENT OF 'RELIABILITY'

‘ESTS' and ' Qub-tests. Before proceeding further
it will be well to make clear the meaning of the
terms 'test’ and 'sub-test' as employed -in

this chapter. In Chapter V a certain pieceof work given
with the object of measuring a person's ability for that
kind of task has been called atest. This has been com-
posed of smaller units of work to which we have given the
name ' sub-tests\ It is these tests and sub-tests that are
intended here. In our case (and usually) atest is consti
tuted by the whole piece of work carried out by the subject
at any one sitting, while sub-tests are, of course, portions
of this. Also, within the same test, one sub-test is similar
to another as regards the material employed init, and the
kindMoi activity it is intended to measure, but may differ
as regards length and difficulty. For example, the material
of each of the sub-tests which form our ' Mechanical
Explanation' Test consists of one diagram accompanied
by awritten description and several questions. Thelatter
will be seen to differ slightly in number and difficulty from
one sub-test to another. It isasoimplied that a person's
score at the whole test is based on his scores at each of the
constituent sub-tests.

Measures of Reliability. We have seen that before much
faith can be placed in a mental test we must be assured
that were it (or a similar one purporting to measure the

85
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same trait) repeated, the ratings given on each occasion
would closely agree, and we have called this quality its
"reliability \' The best measure of reliability is provided
by the correlation between the ratings made at two distinct
performances at the test carried out under similar con-
ditions ; or where the test does not lend itself to repeti-
tion, by the correlation between two similar tests.
Where only one test is available a measure of its reliability
may be attempted by comparing the ratings made on one
half with those made on the other. Further light may
sometimes be thrown on the reliability of a test by the
correlations between still smaller portions of it, such as
our sub-tests, especially as regards the factors making for,
or against, this quality. But these various methods of
estimating reliability will hardly be expected to agree with
one another owing to the following influences.

INFLUENCES AFFECTING TEST SCORES

(@) Systematic Influences. The influences which affect
the subject's score at a test may be either internal or
external. By the former we mean those factors into
which the 'work curve' may usually be analysed, and
which will therefore tend to be present always. Examples
of these are the subject's power to settle down to the task
(to "warm up "), the ' spurts' he may put on from time to
time, the practice and the fatigue that may be engendered
during the course of the test. By external influences we
mean those that are merely attendant on the special time
and place of the test and so need not recur on subseguent
occasions. Examples of such are the subject's state of
health (if abnormal) at the time of doing the test, his mental
attitude towards the test, disturbing influences arising
from the environment (such as poor lighting), the general
state of fatigue and of practice with which the subject
approaches the test as opposed to that incurred by the
actual carrying out of the test itself. It is clear that in

'S p. 44
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giving a series of tests the external influences should be
kept as constant and as normal as possible, so that the
subject's scores may represent his ability under ordinary
conditions. The internal influences are more or less
unavoidable, and may even be desirable so far as they
occur under normal conditions of work. Nevertheless,
it iswell that such influences be under observation so that
their extents, particularly as regards 'fatigue' and
" practice ', may be known.

(b) Random Influences. The external influences will
tend to remain constant through the test, while the internal
influences will usually follow the course which they ordin-
arily takein thework curve. But there are other influences
(both external and internal) which exhibit neither kind of
regularity. They tend, instead, to be randomly distri-
buted throughout the test. In the sum of a large number
of sub-tests such random influences will tend to mutual
cancellation. That is to say, the more sub-tests we take
(i.e. the more exhaustively we measure the ability in
question) the smaller will the total relative effect of such
influences tend to become.

Effect on Reliability Coefficients. How, it may be asked,
will these influences affect the measure of reliability ? To
consider first the internal systematic influences; clearly
these will be much the same in one test as in another
similar test, but will tend to vary from one part to another
of the same test. It follows that the reliability coefficient
given by the correlation between two complete tests is
less likely to be lowered by such influences than is the
correlation between parts of the same test. Usually, how-
ever, only one test is available and then the correlation
between its parts must perforce be employed as a measure
of itsreliability. When thisis s, the effect of the internal
systematic influences may be largely eliminated by taking
as the measure of reliability the correlation between two
halves, each constituted of the sum of alternate small
portions of the test, such as our sub-tests, Such elimina-
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tion is not, of course, possible in the correlation between
single parts of sub-tests. The chief value of these is not
so much to measure the reliability of the test as a whole,
as to determine the extent to which each sub-test contri-
butes to that reliability. For this purpose the best measure
is the average correlation of the sub-test in question with
all the other sub-tests.

To turn now to the external systematic influences : it
is evident from their nature that these are more likely to
change from one complete test to another than from
one part of a test to another. Consequently, the changes
in such external influences are more likely to lower the
reliability correlation coefficient between complete tests
than that between portions of the same test. It should
be noticed, however, that if the reliability coefficient should
be lowered by changes in the external conditions, it does
not necessarily follow that the test, in itself, is any the
less trustworthy. We may compare such a case with the
variations we should get in successve measurements of the
length of a rod under changing temperatures. However
valuable such measurements may be, they would, taken
alone, serve as no criterion for the accuracy of the measuring
instrument employed.

To consider, finaly, the random influences: we have
sen that the more exhaustive our measure becomes, the
more completely will these influences tend to cancel one
another. Consequently, the reliability coefficient, when
based on the more exhaustive (complete) tests, is less likely
to be lowered by random influences than when portions
of a test are substituted for them.

It should be noted that the foregoing considerations
apply only to the methods of measuring 'reliability’, and
of interpreting such measures—the actual reliability is,
of course, quite independent of our method of measuringit.

Summary. Before examining the reliability coefficients
which our data have provided, it will be well to summarize
the preceding discussion as follows :
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(I) For purposes of this discussion a 'test' is a certain
amount of work given with the object of measuring a
subject's ability at that kind of work, and here, as usually,
occupying the subject for one sitting. A sub-test is part
of atest such that it carrieswith it part of the total possible
marks for the test. More particularly the terms refer to
our own tests and sub-tests, as described in Chapter 111.

(2 The reliability of any kind of test is the extent of
the agreement between succe3sve measures of a subject's
ability as obtained by that kind of test.

(3 Reliability may be measured by the correlation
between two similar tests. In certain circumstances the
correlation between 'halves' or smaller portions of the
test (such as our sub-tests) may be substituted for the
correlation between complete tests.

(4) Such substitutes will not be expected to agree with
the more perfect measure yielded by the correlation
between complete tests on account of—(@) systematic
influences, which may be either internal or external, and
(b) random influences.

(5) Of these, the internal systematic influences will have
little effect in the correlation between similar tests. Their
influence on that between different parts of the same tests
will tend to be greater, but may be minimized when corre-
lating ' halves' by composing each half of alternate sub-
tests Changes in the external systematic influences are
more likely to affect (by lowering) the correlation between
two complete tests than that between portions of the same
test. The effects of random influences tend to diminish
as our measure of the ability in question becomes more
exhaustive. Hence such influences are less likely to affect
the correlation between complete tests than that between
the less exhaustive ' halves', or sub-tests.

THE RELIABILITY OF INDIVIDUAL TESTS
MECHANICAL MODELS
(a) Correlation between Tests. As severa tests of the
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" Mechanical Models' type were employed in the research
we were able to measure their reliability by the correlation
between complete tests. This will be found in Tables
X1-XVI of the Appendix." The average correlations
extracted from these tables are given in Table | for the
commerce groups, and Table Il for the elementary school
groups. Thereliability is seen to be fairly high, particularly
for atest involving a complex activity. The average value
of the coefficient in the case of the commerce students is
75, and for the elementary school boys -58.

On the surface, the figures suggest that reliability may
increase somewhat with the size of the group. To inquire
further into this, let us first examine Table I. Here the
only comparisons we can make without introducing sex
differences are Group | with Group A (both male groups),
and Group Il with Group I'I'l (both mixed groups). In
the first case the difference between the reliability coeffi-
cients, -03 +.-06, is insignificant. In the second case the
difference, -24 + .08, being thrice its probable error, is
suggestive, though hardly large enough to justify a definite
conclusion. Turning to the elementary school groups of
Table I I, we find the difference between the youngest and
oldest groups to be .23 + .06. Here the figure, being
nearly four times its probable error, provides more definite
evidence of a genuine difference in reliability. A similar
fall off in reliability is observed in the case of Group V—
the class next to the oldest.  In the light of the correlations
between halves of these same tests, which are examined
below, we have suggested that this higher correlation
between complete tests in the case of the older school boys
may be due to these boys being less susceptible than the

! Here, and throughout the research, correlations between com-
plete tests were calculated by the rank method, using the formula
654° -7063(1 — %)

P Ty —y PO T vn '
Correlations between sub-tests were calculated by the ' footrule'
method.
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younger ones to what we have called external systematic
influences.!

A further comparison might be attempted between the
commerce students and the elementary school groups.
Here the question is complicated by the mixing of the
sxes in two of the commerce groups, and by the tests
taken by these groups being only about half as long as
those taken by the elementary school boys. We may,
however, make some compensatlon for the latter fact by
pooling the tests into pairs.? |f we do thisin the case of
the two male (commerce) groups, the reliability becomes
82 + *.4 for the ex-service menof Group I, and -87 £ .05
for the boys of Group A. Comparing these with the
figure for the oldest elementary school group (.75 + .03),
we find that the differences, .07 + .05 and .12 + .06, are
not significant. It would seem, then, that age has little
influence on the reliability of the ' models ' tests after the
subjects have reached about thirteen years.

In Group A and B (Table |) we have ameans of examining
the influence of sex on reliability. It is seen that, so far
as our data go, the tests are as reliable with one sex as
with the other.

(b) Correlation between 'Halves\ In order to analyse
further the reliability of the ' models ' tests, and to obtain
a figure comparable with the measure of reliability which
we ws*re obliged to employ where only single tests were
taken, viz. the correlation between halves of the test, we
have calculated the correlation between the halves (' odd '
sub-tests v. ' even ' sub-tests) for each of the ' models' tests
taken by the elementary school boys. The figures given
in Table I I | again show the reliability to be quite good,
viz. 71 on an average.

We may now compare the ' models ' testswith each other.
The most comprehensive values for this purpose are those

! See p. 86.
2By Spearman's formula for the correlation of sums.
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for the whole of the subjects given in the bottom row of
the table. These show that one test is about as reliable
as another, for the greatest difference occurring is only
07, with a probable error of .05. The same fact comes
out if we confine our comparison to the individual groups.

The same table enables us to compare the three groups
of subjects with one another. Here, although the coeffi-
cients are, on the whole, slightly higher for Group 1V than
for the other groups and so far support Table II, the
differences are not significant. This may, at first, seem
to contradict the suggestion which arose out of our examina-
tion of Table Il above, namely that the reliability of the
"models' testswas somewhat higher with the oldest group.
The apparent discrepancy is however easily understood
in the light of our discussion on the influences affecting test
scores.  Herewe saw that the external systematic influences
would tend, if anything, to lower the correlation between
whole tests rather than that between halves of a test.
It is possible, then, that the above observed difference in
the two kinds of coefficients occur only with the younger
groups because of their greater susceptibility to influences
of this kind. This view seems to accord with what is
commonly found in school work.

(c) Correlation between Sub-tests, In order to se how
far each sub-test contributes to the reliability of the test
as a whole, and with a view to further improvLig the
measuring qualities of the tests by eliminating or re-
grouping sub-tests where the correlation showed this to
be desirable, we have calculated the inter-correlation of
the various sub-tests constituting each of the ' models'
tests. To preserve homogeneity the data for each of the
three classes were treated separately and then averaged.
The resulting tables 1V -V 1 do not differ appreciably from
the class tableswhence they are derived. Considering that
each sub-test occupies but a few minutes, and constitutes
only about one-eighth of the test, the inter-correlations
are, asawhole, fairly high. The average inter-correlation
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of all the sub-tests of Ms, derived from the whole of our
data as given in Table 1V, is -38, while the corresponding
figures for tests Mg and M; are -40 and -35 respectively.
The individual coefficients, with few exceptions, well
exceed 4! times their probable errors. They are consider-
ably higher than we were able to obtain with the assemb-
ling type of test, and compare very favourably Wlth similar
data relating to many well-known mental "tests.

We have seen that the higher the correlation between
the parts of atest, the more likely will the test, as a whole,
provide a reliable measure of whatever mental quality
(or qualities) may run through each of these parts. Tables
V-V 1 enable us to se the relative extent to which each
of the various ' models ' sub-tests contribute, in this sense,
to the reliability of the whole test. The most compre-
hensive value for this purpose will be the average corre-
lation of the sub-test with all the others, found in the bottom
rows of the tables. It is seen that with the exception of
sub-test ein Test M, there is not a lot to choose between
the sub-tests in this respect. The figures range from '34
to 43 for Ms, .30 to .46 for Mg, and (omitting €) from .30
to .40 for M;. In the case of e the average correlation
with the other sub-tests falls to -20.  This particular model
involved severa strings running close together, and unless the
subject took care to draw them clearly apart in his answer
the latter became difficult to interpret—a fact which prob-
ably explains the lower average correlation of this sub-test.

MECHANICAL EXPLANATION
(@) Correlation between Tests. Two of the mechanical
explanation tests (E; and E;) were taken by Groups | and

! Compare, for example, the inter-correlations obtained by F. Gaw
with whole ' Performance ' tests (" A Study of Performance Tests,,
Brit. Jour, of Psych., xv, pp. 385-6) ; aso the results of C. M.
Davey, who found the average inter-correlation of whole oral tests
of "intelligence ' to be .40, and that of pictorial tests .31 (‘A Com-
parison of Group Verbal and Pictorial Tests of " Intelligence "',
Brit. Jour. of Psych., xvii, p. 27). :
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Il of the commerce students. With Group | the correla-
tion between them proved to be 78 £+ .04, and with
Group 11, .70 £ .07. These figures are fairly high as
mental tests go. Actually they are slightly lower than
the corresponding figures for the 'models' tests (Table I),
but the differences are not significant. Thus, in the case
of Group I, the difference is .02 + .04, and for Group | |,
|7+ .07.

(b) Corrdations between Halves. The elementary school
groups took only one mechanical explanation test (Ej),
and consequently the best available indication of its
reliability is given by the correlation between its halves,
constituted of odd-numbered and even-numbered sub-
tests respectively. This was found to be -48 £+ .io with
Group IV (the oldest class), .59 + .08 with Group V, and
54 + .09 with Group VI (the youngest class), and for the
three groups (averaged), .54 + .05. These figures, well
exceeding as they do the standard of 4% p.e., quite definitely
indicate that the two halves of the test measure much in
common, and represent a fair standard of reliability for
mental tests of this character and length.

In order to compare the figures with corresponding ones
for older groups, we have calculated the correlations
between the halves of the mechanical explanation tests
(E; and E;) taken by the commerce subjects. They are
as follows :(—Group | (ex-service men), E; .50 + .09, E;
55+ .09. Group Il (10 boys, 16 girls, average 15 years
8 months), E; -6l + .09, E; .43 + 12, and Group |11,
taking E, only, .63 £ -lo. These differ little from the
figures given above for the elementary groups.

(c) Correlation between Sub-tests. As in the case of the
"model' tests, and for similar reasons, we have calculated
the inter-correlations of the various sub-tests of the mech-
anical explanation test (E3) taken by the elementary school
groups. As before, the most comprehensive figures will
be those for the whole 114 subjects found in Table VI1.
Considering the brevity of each sub-test quite a fair degree
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of inter-correlation exists. Of the ten coefficients, eight
well exceed 4% p.e., while the remaining two closely
approach this standard. The average inter-correlation
(*39) agrees closely with the corresponding figure for the
"model" type of test.

The same table indicates that little difference exists
between the average inter-correlation of one sub-test
(with all the others) and that of another. Thus, taking
as our comparative figures those based on all the subjects,
and given in the bottom row of the table, we find the lowest
average correlation of any sub-test with all the others is
.35+ .06, and the highest, .45 £+ .06. The difference -io,
barely exceeds its probable error, -08, and so cannot be
regarded as significant.

MECHANICAL COMPLETION

(a) Correlation between Halves. In its complete form
only one test of the mechanical completion kind (Test C)
was employed in the research. The correlation between
itshalves (" odd ' v." even ' sub-tests), taken by the element-
ary school groups, was as follows :—Group 1V, .64 + .08;
Group V, .81 +£.05; Group VI, .59 +.08; all three
groups (averaged) .68 + .04. The last figure does not
differ significantly from the corresponding figures for the
tests already examined (71 + .02, for the ' models' tests ;
54+ .05, for the mechanical explanation test), and, as
in those cases, denotes a fair degree of reliability for this
kind of test.

(b) Correlation between Sub-tests. The inter-correlations
of the six sub-tests of the mechanical completion test are
given in Table VIIl. These again prove to be fairly high
for short performances of this sort. All except one exceed
4| p.e, and the single exception (-28) closely approaches
this standard. Each sub-test, then, may be regarded
as measuring something in common with each of the
others.
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I't will be seen from the figures given in the bottom row
of the table that the average correlation of a sub-test with
all the others in the test does not vary much from one sub-
test to another.

MECHANICAL DIAGRAMS

(@) Correlation between Halves. The reliability of the
mechanical diagrams test (D), as indicated by the corre-
lation between its halves, proved to be quite good in the
caxe of the two commerce groups. The coefficients were
71 + .05 for Group I, and 76 + .06 for Group I 1.

This figure was found to fall to '35 when the test was
given to our oldest elementary school group. Conse
quently the change in procedure mentioned on page 66
was introduced. This consisted in pointing to and naming
the parts of the diagram before putting the questions,
instead of simply showing the diagram. The correlation
between the halves of the test when this new procedure
was employed became 45 +*.lo with Group IV, .54 + .09
with Group V, and -44 = .10 with Group VI, the average
for the three groups together being -48 + .06.

These coefficients clearly indicate that the two halves
of the test measure some mental quality (or qualities) in
common. They are, however, lower than the corresponding
figures for the two commerce groups which we have just
examined. The average of these is 74 + .04—a figure
which exceeds that for the elementary school groups (-49)
by *26 +.07- Taken in relation to its probable error this
figure is suggestive of a genuine improvement in reliability
with the older groups, but it is hardly large enough to
establish this beyond doubt. Seeing that some improve-
ment in reliability occurred with the elementary groups
when descriptive names were given to the parts of the
diagram, some fall off in reliability with the younger groups
would seem to be traceable to the initial task of trans-
lating the abstract lines of the diagrams into concrete
" parts —a task which we should expect the younger



THE TESTS AS MEASURING INSTRUMENTS 97

groups to find more difficult—rather than to the subsequent
cognitive work involved in answering the questions about
these parts. If so, a further improvement might be
effected by substituting pictures for the diagrams, especi-
ally with younger subjects.

(b) Correlation between Sub-tests, The inter-correlations
between the six sub-tests which constituted the mechanical
diagrams tests have been worked out in the case of our
second group of commerce subjects, and are given in
Table | X. These show that each sub-test measures much
in common with the others. In most cases the correla-
tions are high for the type of performance in question, and
well exceed 4J p.e.

Thefiguresin the bottom row of the table, showing the
average inter-correlation of each sub-test with the others,
do not differ significantly from one another.

KNOTS

Correlation between Halves. The knots test (K) was
first given to the commerce groups. Owing to its low
correlation with the other tests it was then dropped. Two
methods of scoring were investigated, namely one in which
the answers were simply marked right or wrong and one
point given for each correct answer, and one in which
extra marks were allowed for more difficult questions and
marks were deducted for mistakes. The correlation between
halves was, if anything, higher when the simpler method
of scoring was used—84 as against 77—when tried out
on Group Il11. Consequently this method was the one
ultimately adopted. The correlation between halves in
the case of Group I, using the simpler form of marking,
was -65, with Group |1 71, and Group | | | '84.

THE TESTS COMPARED

Higher Reliability of 'Models Type. We may now
compare the reliability of the tests, taking for this purpose
the correlation between their halves. Thefiguresare given
in Table X. Those for the 'models’ tests are somewhat
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higher than the others with both commerce and elementary
subjects. With the commerce subjects, the correlation
between halves of the ' models' tests averages 77 + .023,
but falls to -56 + .044 for the mechanical explanation test,
the difference being .21 + .05. Corresponding figures for
the elementary school groups are 71 + .02 and .54 + .05,
with a difference of .17 + .054. These figures are large
enough in comparison with their probable errors to suggest
that the difference is more than a chance one. It is prob-
ably explained by the fact that the ' models' type of test
presents the problem in a more direct and concrete fashion
than the explanation type, for in the latter the subject is
obliged to read the description and question and relate
them to the diagram before he can proceed with the mental
operations connected with solving the problem which, as
we show later, constitute the essential part of the test.

Difference observed with ' Diagrams Type. The only
other difference of any appreciable magnitude occursin
the case of the mechanical diagrams test when employed
with the elementary groups. Here the average correlation
between the halves of the test falls to .48 = .06. It
differs from the corresponding figure for the models test
by .23 £ .063, and from the completion test by .20 £ .072.
These differences, while large enough to suggest the unlikeli-
hood of their being solely of chance occurrence, are not
sufficiently in excess of their probable errors to place the
matter beyond doubt. We have, however, already sug-
gested that the abstract nature of the diagrams may have
caused the somewhat lower reliability which the mechanical
diagram test appeared to exhibit with the younger groups
of the elementary school. This same cause would explain
the similar difference observed above between this test and
the other tests.

RELIABILITY OF A TEAM OF TESTS
(1) With the Commerce Subjects. We show later that
the mechanical models, explanation, completion and
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diagrams tests involve a common group factor. It is
thérefore of interest to inquire into the reliability we may
expect from a team of these tests if employed to measure
this factor. We have done this by 'pooling' the eight
tests taken by the commerce groups into two teams of four
each,viz. M; M3, E,, EC,and M,, M4 E; D, anddetermining
the correlation between them.! This works out to the
high figures of .94 for the first group and -90 for the second
group.

(20 With the Elementary Subjects. It was not possible
to divide the tests taken by the elementary school boys
in the same way, since these numbered only six, and were
not identical with those taken by the commerce subjects.
We can, however, select from these six one of each of our
four types of test, and so get a team roughly comparable
with those just mentioned. The theoretical correlation
of such a team with another similar one, based on the
reliability and inter-correlation of the tests themselves,
is again high, viz. -86.

CONCLUDING OBSERVATIONS

Utility of the Tests. It has been shown that in the case
of each of the tests involving ' mechanical' operations,
whose reliability we have now examined, there is a
tendency for persons who do well in one sub-test to do
well iu another, and vice versa. That is to say, each pair
of sub-tests involves some common mental quality or
qualities in respect to which individuals differ, and differ-
ences in the scores made at these sub-tests are not attri-
butable wholly to chance but provide some index of an
individual's capabilities at the kind of work involved.
Seeing that, in the case of every one of these tests, each
sub-test correlates with all the others, it is reasonable to
suppose that the whole test provides, in each case, a more
exhaustive measure of whatever mental quality (or

! By Spearman's formula for the correlation of sums, Brit. Jour,
of Psych., v, 417.
8
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qualities) it may involve than does any single sub-test,
as is indeed suggested by the higher correlation between
the halves of the test as compared with that between the
individual sub-tests. We have seen, further, that each
test score measures the kind of activity involved in the
test with a fair degree of reliability which may be still
further increased by increasing the number of tests, or by
employing a team of tests where this is justified. So far,
then, as the correlational criteria go they promise well for
the employment of the tests as measuring instruments.
It may be added that so far as could be judged from our
observations when giving and scoring the tests, and from
conversations with the subjects, their use should present
no practical difficulty. No single test would, of course,
provide a perfect measure, since in no cae does the
reliability reach unity; nor could we expect it to do so.
In order to obtain a sufficiently accurate measurement for
practical purposes a number of tests must be given—just
how many is a question to be considered |ater.

Further Questions. It should be remembered that the
present chapter is concerned solely with the question as
to whether the tests indicate the existence of individual
differences in ability to carry out the mental operations
which they severally involve, and how far the scores may
be relied on to indicate such differences. We have yet
to determine what are the ' abilities' or mental qualities
upon which these operations depend, and in respect to
which individuals may be measured. The objective aspect
of this question forms the topic of our next chapter. In
the event of a test involving more than one such ability
there remains to be answered the further question as to
how these abilities may be independently measured—a
question not to be confused with that concerning the
reliability of the whole test score as studied in the present
chapter.



CHAPTER VI

EVIDENCE FOR A ' SPECIAL ABILITY ' OR
GROUP FACTOR

THE ISSUE INVOLVED

HE Question. The question now arises—what are

the essential qualities which the tests examined in

the last chapter have been shown to measure ?
Does, for example, each of the various types of test
employed measure the same quality (or qualities), and if
0, is it the same quality as makes for success at the school
examinations, or at the 'intelligence ' tests, or at any of
the other activities which we have attempted to measure ?
To put the question more technically—what are the
" factors' involved in our tests, and, in particular, to
what extent do they provide evidence of the existence
of the special ' mechanical’ factor to which we referred in
Chapter I 1 ?

Criteria.  To answer this we must first inquire to what
extent ability at any one of the activities concerned goes
with ability at any other. In thisway we may compare the
various tests with one another and with the school examina-
tions, and each of these again with the various estimates
that we have collected. Where two activities call in large
measure for the same mental quality (or qualities), we
should expect those who do well in one to do well in
the other, and vice versa. A ready means of determining
the extent of such agreement is provided by the correla-
tion coefficient. Such coefficients have been calculated

101
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for our data and are given in Tables X 1-X1X of the
Appendix.

While these coefficients afford some indication of the
extent to which any single pair of measurements selected
from the table may depend on common mental qualities,
they provide no evidence, in themselves, as to what those
qualities may be. For example, it does not follow that
because three tests, A, B and C, inter-correlate, that all
three involve the same quality, but only that each pair
has something in common : the qualities in A may be
(say) ab, in B be, and in C ca. On the other hand, if all
these tests did involve one and the same common quality
we should expect them to correlate with each other.

In view of what has been said about the theory of g,
ome correlation may aways be expected. This being
%0, the really interesting point is whether the coefficients
indicate the presence of other factors in our tests.

A specia criterion is needed for determining this, and
has been applied to the data relating to our larger groups
of Series Il and I'l'1. But even our first series of experi-
ments bring out certain interesting points bearing on this
question. We shall therefore examine all three setsof data
inturn,

SERIES | —COMMERCE STUDENTS.

Examination of Data. Tables X1-XV give the inter-
correlations between the tests taken by the commerce
students. An examination of these brings out the following
points :

(i) Those tests in which mechanical movements are
involved, viz. tests M; My, M3, My, E;, Ep, EC and D,?
exhibit high correlation with one another. We will call
these the ' M ' group ; their inter-correlations are marked
off from the other coefficients in the tables by the square

! See p. 36. 2 For descriptions of these, see Chapter V.
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"M ". The average inter-correlation of this group of tests
is seen to be -69, 76 and -68 for the three groups of subjects
respectively.

(2 The correlation of the ' Knots' test (K) with the M
group is decidedly lower, the average being only -29—01
and -44 for the respective groups.

(3 Group Il subjects, it will be remembered, took aso
an 'intelligence’ test (G). Reference to Table X I | shows
that this, too, correlates much lower (average -21) with the
M group than do the M tests with one another.

(4) The same table shows that K and G correlate more
with one another than do either with the M tests.

(5) These same differences as between the M and K tests
are brought out when we separate the boys from the girls of
Groups Il and I'l I, and make them intoan A and B group
respectively (Tables X 1V and XV).

Conclusion. Viewing the results as a whole it is clear
that each M test has more in common with any other M
test than with either K or G. If the M tests were merely
better measures of the same quality (or qualities) as causes
K to correlate with G we should expect these latter tests
to correlate at least as highly with the M group as with
each other. As this is not the case, it would seem that
involved in each M test is some additional quality (or
qualities) over and above any it may measure in common
with K and G, to which its markedly higher correlation
with the other M tests must be attributed.

Such a view is, of course, only tenable provided the
observed differences in the correlation coefficients are
"significant' when considered inrelation totheir ' probable
errors. In the experiments which follow such errors
have been taken into account by the application of a
criterion specialy devised for this purpose. The present
experiments were of a preliminary nature in which our
main object was to ' test' the tests, and hardly provide
suitable data for applying this criterion. Here, then, we
only remark that the differences are large and the con-
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elusions which they suggest are in agreement with those
at which we definitely arrive later.

SERIESII.—ELEMENTARY SCHOOL BOYS

I. GENERAL SURVEY OF THE CORRELATIONS

(1) M tests compared with School Examinations. In
Table X V| we are able to compare, in the case of our 114
elementary school boys, ability at the M tests with ability
at the school subjects as measured by three separate
comprehensive school examinations.® This table has been
derived (by averaging) from three similar tables drawn up
in respect of each of the three school clases into which
our subjects were divided. By so doing we have secured
greater homogeneity with regard to age, genera develop-
ment and training, than would have been the case had
all our subjects been treated as a single group. As it is,
it will be seen that our tests show no correlation with
age. The tables for the three separate clases exhibit the
same features as we are about to notice in Table XV 1. A
glance at this table brings out the following points :

(@) The M testsexhibit afairly high degree of correlation
with one another. In every instance the correlation of
one M test with another exceeds 4! times its p.e. The
average correlation of one M test with another (i.e. the
average of square M) is -47. In this respect the present
result corroborates that of Series I.

(b) The three school examinations—X;; X, Xz—also
show quite definite correlation with one another, the
lowest coefficient, -40, being well over 4] times its p.e.
The average correlation of one examination with another
(i.e. of square E) is-47.

(c) The correlation of the M tests with school examina-
tions is, on the contrary, decidedly low throughout, being
on an average only -19.

! Briefly described on p. 48. They are denoted here, and
henceforth, by the letter X.
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For purposes of comparison, the corresponding figures
for the three separate classes whence Table X VI has been
derived are given below :

AVERAGE CORRELATIONS
LExams. v,

Subjents Mo M Lxams., M v. Exams.
Group IV . . . . 58 *37 21
Group ¥V . . . .44 46 12
Group VI . . . . 38 *5G 23

It is evident that if these differences are ' significant'
the M tests have more in common with one another than
with the school examinations, and vice versa.

(2) Various Measures of ' Ingenuity ' compared with the
M Tests and School Examinations. Fifty-nine of our school
boys attended a woodwork centre and we were able to
obtain from the boys' instructor an estimate of their
"ingenuity ' and ' originality ' as manifested in their work
at (1) woodwork and (2) technical drawing.® In making
his estimate the instructor was naturally guided by the
actual marks which the boys had obtained from time to
time in the subjects. At the same time he was asked to
give weight to ability to understand the work and to
originate ideas about it, rather than to care and skill in
executing it. The items referred to as woodwork and
drawing may therefore be regarded as largely estimates
of the same mental trait—a fact which probably accounts
for their high correlation with each other of '84. Their
correlations with the M tests and the school examinations,
and also the inter-correlation of these latter for the same
group of 59 boys, aregivenin Table XV II. Agewasfound
to correlate to the almost negligible extent of '14 with
woodwork, and of -18 with drawing. Its influence has
been eliminated i n the coefficients of Table XV 11, although,
as a matter of fact, the greatest difference made anywhere
by such elimination did not exceed -ol in the drawing

! For descriptions of these estimates, see p. 48.
2By Yule's method of partial correlation.
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coefficients, and leaves the woodwork coefficients unchanged
within the two decimal places given.

It is seen that both woodwork and technical drawing
exhibit marked correlation with the M tests ; of the twelve
coefficients, ten well exceeded 4% times their p.es. The
average correlation (rectangle A) amounts to -42. On the
other hand these two subjects have little correlation with
the school examinations, the coefficients here (rectangle
B) falling to an average of -Il. Clearly ability at wood-
work and technical drawing goes far more closely with
ability at the various M tests than with ability at the school
examinations.

A similar result is seen in the estimates of ingenuity
based on 'Home Handicraft' (H) and ' School Handi-
craft ' (S), for which, it will be remembered, the teacher of
Group IV (our top class) graded his pupils. Age was
found to play some part in determining these estimates,
its correlation with home handicraft being -40 and with
school handwork -50. Consequently its influence has
been eliminated by the method of partial correlation in the
coefficients of Table XVIII. The average correlation of
the estimates with the M tests reaches -32, but falls to -07
with the school examinations.

The two estimates, however, do not correlate very highly
with one another (-27). This is partly due to the above-
mentioned influence of ' age ', for the two lists as originally
supplied by the class teacher, i.e. before eliminating the
influence of age, correlate to the extent of -41. It seems
also partly due to the admitted difficulty which the teachers
found in grading this kind of ability. It is also seen that
with this group of subjects one of the school examinations
(X3) has little correlation with the other two and is, in
this sense, unreliable. Notwithstanding these difficulties,
it will be shown by the criterion employed later that the
higher correlation of these estimates of ingenuity with the
M tests as compared with the school examinations is not
without significance.
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[1.  CRITERION FOR A SINGLE COMMON FACTOR

(1) Need of a Criterion, We have seen that in accord-
ance with the theory of g some correlation between all our
various mental measurements would be expected on account
of the factor g, upon which every kind of cognitive activity
is held partly to depend. The results just examined
suggest that over and above any such factor common to
the whole of our data, there may be another factor (or
possibly factors) which restricts its influence to the M tests
and such measures of ' ingenuity ' as we were able to obtain,
and which would account for the much higher correlations
observed between the various members of this group of
measurements as compared with their correlations with
the school examinations. Such a factor, confined as it
would be to alimited range of activities, may be called a
" group ' factor in contradistinction tothe ' general' factor
(9) which runs throughout the whole gamut of cognitive
operations. Alternatively, there may be a ' group ' factor
running through the school examinations, or even two such
factors, one within the M group, the other within the
examination group. But since this inference as regards
group factors is based upon observed differences between
correlation coefficients, it is clear that before it can be
considered valid these differences must be shown to be
"significant' when considered in relation to their ' probable
errors \* Consequently we must apply to our data the
criterion which has been specially devised for answering
this question, and which may be stated as follows.

(2) Satement of Criterion. Let the inter-correlation
between four tests, a, b, p, g, be denoted by 7., 74, I, and
rA. It has been shown that each and all of these correla-
tions are necessarily attributable to a single common factor

7, 4 .

when 2% = ®2 or what amounts to the same thing more
¥, ¥
ag by

1 |.e. it must be shown that the difference between the correla-
tion coefficients is not likely to have arisen by ' chance'
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conveniently expressed, when 7,,.t,,—7,.%s, (Caled the
tetrad-difference) — o; and conversely, when each of
these correlations are due to the same common factor, then
the tetrad-difference will be zero.! While this criterion
rigidly defines the common factor as 'single', i.e. as
functioning as a unitary whole, it does not prevent its
being conceived (if circumstances warrant) as complex
in nature.

(3 The Probable Error of the Tetrad-difference. Let
Yap+¥e ™ Yar-Tep = F.  NOW while theory demands that F
shall equal zero, in actual practice each correlation coeffi-
cient contains a 'sampling ' error, and consequently so
does F.2 Hence even when the condition for a single
common factor holds theoretically the experimental value
of F will tend towards some small positive or negative
value rather than zero, and we must therefore inquire
whether such value may, or not, be attributed to ' chance’
or accidental circumstances. This will depend on its
"sampling ' (or ' probable ') error. The method of calcu-
lating this has been shown by Spearman and Holzinger.?

(4) Application to more than Four Tests. If we wish to
apply the criterion to a group of more than four tests we
must calculate the value of every possible tetrad-difference
obtainable from the whole group, together with its prob-

! Demonstrated by Prof. C. Spearman, Proc. Roy. Soc. A, Vol. ci,
1922, pp. 97-100. .

% The theoretical value of (say) #s is the average of an infinite
number of similar ‘¥aps*. Any given r., is merely a ' sample' of
this infinite number, and consequently will tend to deviate by
" chance ' from this theoretical average value. The extent of its
deviation is regulated by the law of error, and measured by its
"probable' or 'sampling' error. In accordance with this law,
there are even chances that a randomly chosen sample will deviate
negatively or positively from the theoretical average value of all
such samples by an amount equal to its probable error (p.e.). We
are hardly safe in ascribing an observed deviation to other than
' chance' or accidental causes unless it exceeds 4% times its p.e.

% In Brit. Jour, of Psych., vol. xv, p. 17, and vol. xvi, p. 86.
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able error. If there were one and only one factor common
to the group, then, by the above criterion, the theoretical
values of all these tetrad-differences would be zero. But
in view of what has been said with respect to the sampling
error their actual values, divided in each case by their
probable errors, would tend to distribute themselves
normally around zero in agreement with the law of error.
The dotted curve N of Fig. 3! shows the ideal shape to
which the frequency curve of such a distribution would
tend to conform. About half the values fall within the
limits of + the probable error, while very few indeed—
under 1 in 1340—exceed 5 p.e. in either direction. The
test for a single common factor will be whether this distri-
bution of F is actually obtained.

(5) The Case of a Group Factor. Consider now the case
where r~r® is definitely greater than rgty.  This will,
occur when ry, Or ry (or both) is too large compared
with the other coefficients to be accounted for entirely by
the same factor as that causing ry or ry. In this case a
and p, or b and g (or possibly both), are said to exhibit
super-correlation, and the cause of this must be sought in
some factor (or factors) common only to the pair in which
the super-correlation occurs.” The same may be said, of
course, of ry and rp, when their product exceeds rqp.ln
The F's derived from tetrads such as these will no longer
tend to a chance distribution around zero, but will tend to
some significant value. It is clear that when, of a number
of tests, some involve a factor common to themselvesonly,
i.e. a 'group' factor, causing super-correlation where it
occurs, this will become evident by the tendency of the
F's to distribute themselves more widely on either side of
zero than could be attributed to chance. This significant

'p. 118

21t will be seen that when both rg, and ry, exhibit super-corre-
lation, this cannot be attributed to the same factor in each case,
since then this high correlation would also occur in rag and rp,
and F would tend to become 'insignificant'.
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increase in the scatter of the F's, then, will indicate the
presence of one or more group factors in the tests from
which the F's have beenobtained. A, of Fig. 3,is a fre-
quency curve of such a distribution. In this, a larger
proportion of F'sfall beyond the [imits expected from mere
sampling than could be attributed to accidental or chance
circumstances.

(6) "Undirected and 'Directed' Tetrad-differences.

Consider the't e t ;@ ~Tmq arriving at the tetrad-
Ly

ba

difference (F) there are two waysin which the products may
be taken, Viz. 7,,.7,, — 7+ Fup AN 75y #0r — ¥4 %5, QIVING
two values of F, equal in magnitude but opposite in sign.
In obtaining a frequency-distribution of F from a table
of correlation coefficients, both values of F must beincluded
if we are to avoid introducing a specia direction or bias
into our data. In this case the difference may be said to
be ' undirected ', and the frequency curve will, of course,
be always symmetrical with respect to the zero ordinate.

If, on the other hand, there is a particular reason for
always taking the products in the same order, as when,
for example, it is required to se whether the product of
the top left-hand member and the bottom right-hand
member always exceeds that of the top right-hand member
and the bottom left-hand member, in agiven sat of tetrads,
there is, of course, justification for so doing, provided it
be remembered that the resulting distribution of F repre-
sents only half the complete data. In this case the F's
may be said to be ' directed ', and only one value of F WI||
of course, be obtained for each tetrad. A of Fig. 4%isa
frequency curve of such a distribution.

[11. APPLICATION OF THE CRITERION

() The M Tests compared with each other. Let us first
inquire whether the inter-correlations of the M tests aone

! Its precise location and nature must, of course, be sought in
an analysis of the data. 2p. 118,
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indicate, in the light of the above-described criterion, the
presence of more than one common factor. For this
purpose we must calculate the value of all possible tetrad-
differences derivable from square M in Table X V |, together
with their probable errors.! For example, taking the four
tests Mg, My, M,, Eg,we get, F = 4 7y . e, T P, Puee,
= £ (53 X '30) F (63 X 27} = £ -0207.

Proceeding in this way with every tetrad in square M,
and dividing each F by its probable error, the following
distribution of the 90 values of F/p.c. is obtained :

TABLE A. 114 SUBJECTS

-+
Mid-value F/p.e. 45 35 25 I'5 *5 5 I'5 25 3'5 45
Frequency . . 1 I3 4 8 1 19 8 4 13 1

In the case of a normal distribution only about 45 of
the F's should fall outside the limits of + their p.e. Actu-
ally 58 do so. Thirty-two of these exceed thrice their p.e,
whereas in a normal distribution about 6 cases only would
be expected ; 10 of the cases exceed four times their p.e.,
and so tend to become ' significant' in the statistical sense
of the term. As a whole, then, the scatter of the F's in
this distribution exceeds the limits expected of mere
sampling errors.  This means that at least some of the
M tests correlate with other M tests to a higher degree than
can be attributed solely to a general common factor running
through them all. The simplest explanation of such super-
correlation, and one that accords best with the results yet
to be considered, is that running through all these tests
are two common factors, namely the genera factor, g,
which we should expect to find in accordance with the
theory of g, and another factor which we may provisionally

! These were calculated by formula (1) given by Spearman and
Holzinger in Brit. Jour, of Psych., 1925, xvi, 86. Since, however,
our coefficients were calculated by the 'rank' method (squared
differences), the probable error was taken as 7063 times its standard
deviation,
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call m; but that the relative influence of these two factors
varies from test to test. Suppose, for example, that of
four M tests, i and 3 have large m and small g, while 2 and
4 have small mand largeg. Then r;3 and rp4 will tend to
be larger than r,3 and ry4 and the tetrad-differences will
tend to become ' significant .  Where, on the other hand,
the four tests have about the same m and g, their tetrad-
differences will tend to zero. The distribution of F's
derived from such a ' population' will tend to scatter
themselves in much the same way as actually occurs above.
(2 M Tests compared with ' School Examinations '.  Sup-
pose now that two of the M tests in the above-considered
tetrads be replaced by two tests in which m is absent.
If our explanation is correct we should expect the resulting
F's to deviate from the values expected by ' chance ' even
more widely than before, since now two of the members
of the tetrad should correlate much more highly with one
another on account of the common m than with the other
two tests.  If, moreover, we ' direct' the tetrad-differences
so that they are always taken in the order 7, ., 7. —
¥z Fmizry WHEre the tn's are any two M tests, the x's any
two school examinations, the resulting F's should tend
always to a positive value on account of the super-correla-
tion between m; and m,. Let us substitute two of the
' school examinations' for two M tests and se if this
results. The following table shows the distribution of all
such F's (divided by their p.e.s) derived from Table X V I .

TaprLE B. 114 SUBJECTS

F= Yeoymy -¥ryze — ¥mpzo Yoz

, +
Mid-value Flp.e. 5 15 25 35 45 55 65 735 85 @5
Frequency . . — 1 ¢ 13 19 17 I7¥ 3 T 4

In every case the tetrad-difference is positive, i.e. the
product in which the coefficient of the type .. occurs,
VIZ. Zonimy ¥y EXCEES the product 7, .7,... Of the 90

F's, 48 exceed 5 times their probable error. The F's are
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equally distributed on either side of a value equal to about
52 times their probable error as compared with the zero
expected in the case of a 'chance' distribution. Here,
then, |s overwhelming evidence of a group factor (or
factors).! Without further considerations it would be
impossible to say whether such a factor resdes in the M
tests, or in the ' school examinations ', or even in both, for
any of these alternatives would tend to give rise to the
above type of distribution. But we should expect the
position at the school examinations to depend very largely
on g, particularly in view of the large variety of school
subjects which entered into those examinations, whereby
other factors than g would tend to mutual cancellation.
It is therefore extremely unlikely that the school examin-
ations involve a group factor large enough to account for
the whole of the super-correlation evident in Table B.2

Unless we accept this view we must suppose that the cor-
relations of the M tests with one another and (as we show
later) with the various criteria of 'ingenuity' which we
have collected are due to g, while the correlations of the
school examinations with one another depend largely on
some group factor,—i.e. that the M tests, drawing and
handwork, are better tests of general intelligence than the
school examinations. Such a supposition not only contra-
dicts the facts of Tables A and E, and is opposed to the
low correlation between the M and g tests found with the
commerce groups, but is contrary to experience. On the
other hand the 'pooling' of diverse tests whereby the
influence of g tends to be augmented was specially avoided
in the M tests. Table A has aready provided some

! We show later that the super-correlation here observed is best
accounted for by a broad group factor running through the tests
rather than by a number of independent group factors.

2 Such a factor has not hitherto been discovered, and is contrary
to our present knowledge of the factors in school subjects. See
for examllale N. Carey, ' Factors in the Mental Processes of School
Children®, Brit. Jour, of Psych., viii; and C. Burt, The Distribu-
tions and Relations of Educational Abilities.
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evidence of a group factor (or factors) in these tests. The
super-correlation observed in Table B is therefore best
accounted for by this same group factor m, which now,
owing to the introduction into the tetrad of two members
(school examinations) which do not contain m, comes out
much more clearly than in Table A—a result which we
anticipated in our previous section. Further corrobora-
tion of this view will be found in the subjective analysis
of the tests, and in the distribution of tetrad-differences
derived from various measures of 'ingenuity' which we
must now consider.

(3 M Tests and Estimates of 'Ingenuity' (taken
together) compared with School Examinations. Now let
one of the estimates of ' ingenuity’, such as ' handwork ',
be substituted for one of the M tests in our last group of
tetrads, so that the general form of F becomes 7.7, ., —
¥ mee T, WHEre i is any one of our estimates of ingenuity,
x and m remaining as before. If there is a group factor
common to the M tests and the estimates, and we ' direct’
the tetrad-differences so that products are aways taken
in the order just given, such F's will tend to be positive
on account of the super-correlation in #,,;, and their distri-
bution will tend to resemble that in Table B.' Four
estimates are available for this purpose, viz. the ' wood-
work ' and ' technical drawing' of Table XV 11, the "home
handicraft' and the ' school handicraft' of Table X V1112

! The improbability of the group factor residing in the school
examinations has already been discussed on p. 113.

ZIn this table there is practically no correlation between x*
and Xx. It is clear that in order to compare ability at the tests
and estimates with ability at the examinations (for super-correla-
tion) it is necessary that the examinations should themselves
measure something in common. For this reason we have not
included the coefficient 742, (-06) in extracting the tetrads from
Table XVIIlI. All examination coefficients, however, have been
included in arriving at Tables XV I and XV 11. If x, be omitted
from these on account of 'unreliability ', the group factor comes
out even more clearly.
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Making the above proposed substitution with each of
these estimates in turn, we get the following distribution
of F/p.e.,—here ' woodwork ' is indicated by w, ' technical
drawing’ by &, ‘home handicrait’ by 4, and ‘school
handwork’ by s:

TasrLe C Central
value
- + (approx.)
Mid-value F /p.e. . - '35 1525 3'5 45 55 66
F =tz s — Ymeg - Fineg ITCCY. 6 8 7 11 4 35
F=tmd-¥zxg—¥mzy . Yicg o 2 6 9 7 11 1 4
F=tmh topeg—rmeg Yoz 4 4 5 5 2 2 o 6 25
Fetme Yoyzg—Pmey Fimp o 176 3 5 o 2 17
Total . . . . I II Ig 22 23 20 I7 7 33

With but one exception all the F's are positive, as was
anticipated, and are distributed in each case around a
value (shown in the last column) which departs markedly
from zero. In view of what has already been said,! and
in the light of Table D yet to be examined, the super-
correlation thus shown is again best accounted for by the
presence of a group factor (or factors)? in the M tests and
the estimates of ingenuity.

(4) Estimates of Ingenuity compared with School Examin-
ations, We may now displace the remaining M tests in
our last tetrads by another estimate of ingenuity, so that
F becomes 7, ;, .72, — ?im-Tie Where the i's are the in-
genuity estimates, and the x's are the school examinations.
Six such tetrads are available from Table XVII, and four
from Table XVIII.® Their distribution is as follows.
The subscripts represent the same estimates as before,
and the F's are ' directed' as shown.

TABLE D
. +
Mid-value F/pe. . . - 5 1'5 2535 45 55 65 75 83
F=rpd. ¥g125— tuzg . Fir; FrECy. I 1 o ©o 2 2
F=rh ragzg—Yaxy. iy m z2 o0 2

1Qn p. 113 in reference to the group factor in the M tests.
t See footnote 1 to p. 113. ¥ See footnote * to p. 174,

9
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Again there is clear proof of super-correlation. Seeing
that we have already had evidence of a group factor
common to the M tests and the estimatesof ingenuity, this
super-correlation is best explained, at least in part, by
the same group factor running through the estimates them-
slves.

(5) M Tests and Estimates considered together. Finally,
we may consider tetrads of the form F =7, ;.%pum, —

Y- Timge  OUCH tetrads differ from those which we first
consdered—under (I) above—in that one of the M tests is
displaced by one of the estimates of ingenuity. If our
reasoning has been correct, a group factor runs through
all four members of such tetrads. Conseguently the F's
derived from them will not necessarily indicateits presence,
since now there is no a priori reason why the products of
one pair of coefficients should exceed that of the other pair.
But if the influence of the group factor varies from one test
to another, so that some involve this factor to a greater
extent, but the general factor g to a less extent, than others,
a tendency to deviate from zero beyond the limits set by
‘chance’ might be observed even in the distribution of
these F's, as was sen in the cae of Table A. It is there-
fore of some interest to examine such distributions. This
time we have no reason for giving a special’ direction' to
the tetrad-differences, so that we have two F's, of equal
magnitude but of opposite sign, for each tetrad. The
distributions are as follows, the subscripts indicating the
same kind of tests and estimates as hitherto :

TABLE E
{(+ and =)
Mid-value F/pe. . . . . 5 IS 25 35 45 3%
F = reqw-Ymomg = Yaymy - Fimg - . I8 22 14 5 I
F = toyd.¥mamg — Yoymg - Yimg - . 22 10 II I0 4 3
F= mh-¥momg — Tmimy-Yimg - . 19 16 7 14 4
F = fumy - togmg — fmymz-Yimg - . 27 12 9 10 2

Total . . . . . 8 60 41 390 1I1I 3
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Of the 480 tetrad-differences, only 86 fall within the
limits of = their probable errors, and far more exceed
4 p.e. than could be explained by ' chance ." Here, again,
are clear signs of super-correlation, although for reasons
given above not so marked asin Tables B-D. The general
character of the distribution resembles that of Table A,
as isto be expected if the estimates of ingenuity involve the
same factors as the tests.

(6) Summary. Our results, so far, may be summarized
by adding together (1) Tables A and E, and (2) Tables B,
C and D. By so doing we get two tables which show,
respectively, the distribution of those F's where we have
reason for thinking the group factor runs through all four
members of the tetrad, and to which no special’ direction '
has been given, and the distribution of those where the
group factor isinvolved in only two of the four members
and which have consequently been ' directed\ They are
as follows, where t stands for any of the M tests or esti-
mates of ingenuity, and x for any of the school examina-
tions:

TABLE F

T = &4 ¥y #ig T Ygeg- oty

- +
556 45 35 25 15 .5 5 15 25 35 45 55
3 12 52 45 68 105 105 68 45 52 12 3

TABLE G

F = Fijig - ¥ryzg — ¥ipen s Fiozy s

5 .5 1.5 25 35 45 55 65 7.5 85 95
1 n 22 31 39 40 34 24 5 9 4

The difference between these two distributions and that
of ' chance' frequency is clearly shown in Figs. 3 and 4.
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FIG. 3.

Frequency distribution of Table F. ' Undirected ' tetrads of which
all four members are ' mechanical' tests or estimates.
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FIG. 4.

Frequency distribution of Table G. 'Directed ' tetrads of which
two members are ' mechanical' tests or estimates, and two
are elementary school examinations.

SERIES IIl.—TRAINED MECHANICS

I. GENERAL SURVEY OF DATA

We turn now to our third set of results. The inter-
correlation of the various tests and examinations taken
by the 228 students of the R.A.F. School, Cranwell, who
were passing out as trained mechanics, will be found in
Table X1X. These tests have already been described in
Chapter V. Reference to this chapter will show that the
data, here, fall naturally into three groups, viz. (1) a
group in which the material is largely spacial and ' mech-
anical ' in character, namely the two M tests (E; and M),
Part 11 of the Air Ministry's Mental Efficiency Test (A,),
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and the examination in Trade Knowledge (T); (2) two
"intelligence ' tests, namely Professor Spearman's test (1)
specially devised to test general intelligence, and Part |
of the Air Ministry's Mental Efficiency Test (A!), which
was of a kind often included in a ' battery ' of intelligence
tests and involved rieither spacial material nor mechanisms ;
and finally, (3) the examination in the subjects of the
school curriculum (S).

It is seen (Table XI1X) that all the members of these
groups exhibit afair degree of correlation with one another,
for in only three cases does the coefficient fall below 4%
times its p.e. This means that every pair of tests in the
table measures something in common. The latter may
reasonably be taken to be the genera factor (g) which
has been found to be involved in all cognitive operations.

But the members of the mechanical group correlate higher
with one another than with the "intelligence' tests, the
average of sgquare A (Table X1X) being -43, but of
rectangle B only -27. The correlation between the intelli-
gence tests rises again to -41. Provided these observed
differences are not due to mere chance they suggest that
the ' mechanical' group have more in common with one
another than with the " intelligence ' tests, and vice versa,
i.e. that over and above g there is involved in either the
" mechanical' group or the (intelligence ' tests (or both)
a 'special’ ability or group factor. To determine whether
thisis so we must apply the criterion as before.

Il. APPLICATION OF THE CRITERION

(1) The ' Mechanical' Group compared with the * Intelli-
gence' Tests. To bring such a factor most clearly to light
we must examine tetrad-differences of thekindz,, ,,,.7.;, —
Yuia - Tmue> WHere the m's are any two of the ' mechanical’
group, and the i's are the two 'intelligence ' tests. The
distribution of all such differences derivable from Table

X1 X, and "directed' as indicated above, is as follows:
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TABLE H. 228 SUBJECTS
Mid-value F/p.c. . +25 35 45 55 635 75
Frequency . . . I 4 2 3 I 1

The values of F are seen to depart widely from the zero
which theory demands if the correlations are to be explained
solely by a single factor common to all the tests concerned.
In every case the product involving rmm exceeds the
other. Again, then, the presence of a group factor clearly
emerges. We have no reason to suspect such a factor in
the 'intelligence ' tests. The ' mechanical' group, on the
other hand, consists of two tests (the M tests) in which we
have already had evidence of a group factor, and two others
in which similar mental operations are involved. The
factor, then, would seem to be located in the ' mechanical’
rather than in the ' intelligence ' tests and is most reason-
ably identified with the same as came to light in the
experiments of Series | | .

A comparison of Table H with Table B shows that the
influence of this factor is not quite so marked in the present
experiments. Several causes may have contributed to
this. To mention two only, our subjects of Series | | |
were selected and trained for the special kind of work into
which the group factor, if we have correctly located it,
enters. Consequently we should expect the individual
differences with respect to this factor to be smaller here
than among the elementary school subjects, and corres-
pondingly harder to measure. Again in the experiments
under review only two members of the ' mechanical’
group were specially devised to test for the group factor,
viz. the two M tests, while no fewer than six were given
to the elementary groups. It appears from the table of
" specific ' correlations (Table X X1V ) that these two M
tests involve the group factor to a larger extent, if any-
thing, than either of the other members of the ' mechanical’
group ; while one of the latter (A,;) would seem toinvolve
g to a larger extent than the M tests (Table X X 1).

(2) Technical School Subjects compared with the other
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Tests. It is seen, in Table X1X, that the examination
in the technical subjects of the school curriculum (S has
much in common with the 'intelligence' tests. But it
correlates higher with the technical group than do the
latter. Is this higher correlation, we may ask, due to
" chance ', or to variations in the influence of g, or does
it indicate a group factor ? To decide this we must in-
vestigate tetrad-differences of the kind F =17,4.7;,, —
Yma, s Where mis any one of the 'mechanical' group,
S the school subjects, | and A; the 'intelligence ' tests,
of Table XI1X. The distribution of such differences,
specially ' directed ' as above, is as follows :

TABLE I. 228 SUBJECTS

. Mid-value F/p.e. . 2:; 35 45 55 65 75
Frequency . . . I 2 2 o p 1
In every cae the tetrad-difference, thus ' directed’, is
positive, and no fewer than five out of eight exceed four p.e.
This super-correlation is best accounted for by the same
group factor aready noticed in the mechanical group
extending its influence to the technical subjects of the
Passing Out Examination, and bringing about the higher
correlation noticed above.

PROVISIONAL CONCLUSIONS

To sum up our evidence and provisional conclusions,
the data which we have now considered fall into two
broad divisions. We have, first, a group in which the
subject is called upon to deal mentally with special material,
involving to a large degree mechanical movements. The
group is itself divisible into three parts, viz. (a) psycho-
logical tests in which specia emphasis was given to this
kind of material, namely our M tests and Part Il of the
Air Ministry's Mental Efficiency Test; (b) the teachers
estimates of their pupils ability to carry out work of a
kind in which this same sort of material largely enters;
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and (c) the comprehensive examination in the practice
and theory of their trade taken by the students of the
R.A.F. School, and constituting Part |l of the Passing
Out Examination. If a special ability exists we should °
expect it to enter somewhere in this data. Secondly, we
have a group in which there is little, if any, spacial or
" mechanical' material. This consists of (a) psychological
tests commonly used to measure intelligence, one being a
very comprehensive test of this kind ; and (b) the examina-
tions of the elementary school. Both of these we should
expect to depend in large measure on ' general intelli-
gence ' rather than on any special ability. The technical
subjects of the Passing Out Examination would seem to
fall equally well into both of these groups.

Starting with the M tests, we saw in Chapter VI that
each of these provided a definite measure of some mental
quality or qualities. Raising, next, the question as to
what these qualities were, we have seen, from their inter-
correlation, that each of the M tests involves much in
common with all the others, but far less in common with
that part of our data in which general intelligence would
seem to be the main factor. This difference comes out
clearly whether we measure the untrained and unselected
school boys, the commerce students, selected for business
and commerce rather than for engineering, or the candi-
dates at the Passing Out Examination, highly trained and
selected for various branches of mechanical engineering.
A similar difference is observable in the case of the esti-
mates and the examination in Trade Knowledge. The
tetrad-difference criterion has shown that these differences
are not attributable to mere ' chance '.

This means that over and above the correlation running
through the whole of our data and best attributed to the
general or universal factor, g, there is a genuine amount
of super-correlation which must be attributed to the
presence of a factor (or factors *) common only to a portion

1 So far as the present evidence goes.
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of our data, i.e. to a group factor. We have already seen
that such a factor would be expected to reside, if anywhere,
in the above-mentioned ' mechanical' group. This view
finds further support in the super-correlation which occurs
in the ' mechanical' group itself.

The question as to whether the super-correlation is best
accounted for by a single broad factor running through all
the ' mechanical' data, or by a number of independent
group factors, is considered in the next chapter. It may
here be remarked, however, that in view of the relatively
high inter-correlation which exists between the various
parts of this data a large number of independent factors
would hardly be expected, for, to take the extreme case,
if the super-correlation were produced each time by a
different factor, so many factors would be needed in each
test that there would remain little in common between
any single pair, and the correlation would tend to become
very small.

With these considerations in mind, we conclude pro-
visionally that success at the kind of work involved in our
specially devised tests depends not only on ' general
intelligence' but dso on a ' specia ability', which aso
enters into the technical side of the work of the mechanical
engineering students, and in part determines the ability
at the various forms of handicraft for which the elementary
school boys were assessad by their teachers.  Seeing that
such an influence can only become manifest in conjunction
with the general factor, and with such other (' specific’)
factors as may be involved in the concrete operation in
which it, itself, appears, it is more appropriately referred
to as a ' factor ' than as an 'ability ', and by some such
name as m. Further confirmation and enlargement of
this view is to be sought in the knowledge of the nature
of m. The objective aspect of this question occupies our
next chapter, while its subjective aspect will be considered
in the one following.



CHAPTER VIII

OBJECTIVE DETERMINATION AND MEASURE-
MENT OF m

CORRELATIONS WITH ¢

(a) Elementary School Data. We have seen that there
exists quite a definite correlation between all the various
tests and other measures that have entered into our data.
Thus, to consider first the results obtained with the elemen-
tary school groupsandgivenin Table X V1, the M tests are
here observed to correlate not only with each other, but
aso, to some extent, with the school examinations. This
suggests that in addition to the group factor in the M tests,
of which we have already had evidence, there is another
factor running through the whole of our measurements
to which this correlation between the M tests and the
school examinations is due. In view of the vast amount
of evidence which has now been collected in support of
the theory of g, this factor seems most reasonably identified
with the general factor itself."

Now the inter-correlation of one M test with two school
examinations yields three coefficients. If we assume, as
seams justified in the light of our results, that there is no
factor common to any pair of these tests other than the
genera factor running through all three, we may employ

! Whether or not we choose to do so, the data to be examined
in this chapter hold so long as we attribute the correlation between
the M tests and school examinations to some influence common to
them all.

124
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the coefficients to determine the correlation of each test
with the general factor.! Since there are three examina-
tions, three such ' triads' maybe formed with each M test,
yielding three values of r,, where mis any particular M
test and g the general factor. These have been used to
obtain the most probable value of the coefficient of correla-
tion between the M test and g2 The correlation of each
school examination with g was arrived at in a similar way,
using, this time, the thirteen triads which were available
in each case. The coefficients, known as coefficients of
* intellective saturation ', are given in Table X X .

The correlations of the school examinations with the
hypothetical g are seen to be very much higher than those
of the M tests, the average in the former case being -69,
in the latter -26. These figures do not, of course, bring
fresh data to our problem, but give quantitative expression
to a fact which has aready been noticed indirectly, viz.
that the school examinations are much more dependent
on the common influence which we have associated with
g than the M tests, and to the extent represented approxi-
mately by the coefficients. They dso indicate that success
at the M tests is not wholly determined by group or
" specific ' factors peculiar to the work itself, but depend
in part on the same ability as makes for success at the
school exammatlons and this to the extent represented
by -26.2

() RAFF. Shool Data. The corresponding figures for
the data obtained with our trained R.A.F. subjects,

! The method employed is described by Spearman in The Abilities
of Man, Appendix, p. xvi, and is given in the Appendix of the
present volume, p. 205.

By the following more reliable method than that of simple
averaging—e
¥mzy « Py -+ Fmzy - FYmay 4 Fmzs - Yiney

¥xyzp -+ ¥ayzy -+ ¥zpxy

2 =
¥img =

8 Complete dependence would, of course, be represented by
unity.
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derived from Table X1 X, are given in Table X X 1. In
this case, since we have only two measurements in the
"intelligence ' group (I and A! of Table X1X), only one
triad was available from which to calculate the correlation
of each member of the ' mechanical' group with g* For
| and A, four values were obtainable, which were averaged
to givery, andr,y,. For S, the subjects (mainly technical)
of the Passing Out Examination, only one triad was again
available. The value of rg, obtained from it is placed
alone in the table since S has much in common with both
groups of data.

As with the elementary groups, the tests and other
measures in which the group factor occurs exhibit quite a
definite correlationwith the general factor, averaging -41,
though to a decidedly lower degree than the ' intelligence '
tests, which average -67. Of the mechanical group, A;
(Part Il of the Air Ministry's Mental Efficiency Test)
appears to depend somewhat more on the general factor
than do the others. This is possibly due to the particular
form in which the subject was required to give his answers,
for these involved the careful filling in of an answer sheet
after reading instructions relating thereto which were, at
times, somewhat complicated. The facility with which
these instructions were carried out would be expected to
depend largely on g, and certainly not on the particular
mental operations involved in solving the mechanical
problemitself. The figurefor S (the examination in school
subjects) is also higher than for the ' mechanical' group
generally. This we should expect, for the theoretical
knowledge and the bookwork required by this part of the
examination, as also the general handling of the questions,
would depend largely on g. This part of the Passing Out
Examination provides an interesting comparison with T—
that part which aimed at testing the candidate's efficiency
as a practical craftsman. The former, theoretical, side

LIf, as is necessary, we are to avoid the introduction of group
or ' specific' factors into the triad.
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of the students' work is seen to correlate higher with g
than the latter.

'SPECIFICCORRELATION

(a) Elementary School Data. We may now employ the
coefficients of Tables XX and X X | to determine how much
correlation remains between the tests after the influence
of the general factor has been eliminated.! This has been
done in the case of the tests and examinations taken at the
elementary school (Table XV1). The ensuing correlation
coefficients are given in Table XX11. It is seen that quite
alarge ' specific ' correlation ? remains between the various
M tests, but none of appreciable magnitude between these
and the school examinations.

(b) RAFF. School Data. Corresponding figures for the
data relating to the R.A.F. mechanics are given in Table
XXI1V. Again a large amount of specific correlation
remains between the various members of the ' mechanical’
group, but practically none between these and the " intelli-
gence ' tests, or between the latter themselves. Such
specific correlation, as adso that noticed above in Table
XX 11, isin keeping with the results examined in the last
chapter, and readily explained by the presence of a group
factor (or factors) in that part of our data where mechanical
problems were involved.

UNITARY NATURE OF m

(@) Elementary School Data. In view of the genera
gze of the correlation coefficientswe suggested, tentatively,
that the super-correlation observed in the last chapter (as
aso, of course, the above-noticed specific correlations)
was more probably due to a single group factor, or at most
a few factors, rather than to alarge number of independent
factors. We may now put the matter to a crucial test by
applying the criterion for a single common factor—the

! By Yule's theorem for partial correlation.
!|.e. correlation due to other factors than the general factor.
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tetrad equation—to the specific correlation coefficients of
Tables X X 11 and XXIV.

Confining our attention first to Table XXII, it will
be seen that the M tests, here, include three tests of the
same type, viz. Mg, Mg, M7. In order to investigate the
factors common to different types of test we have ' pooled '
these three by averaging the coefficients relating to them
(the first three rows of Table X X11). The resulting co-
efficients are given in the first row of Table X X111, the
remaining coefficients of this table being, of course, the
same as those in Table XXIL In Table XXIII, then,
with the exception of the coefficient in brackets (.56) we
have the ' specific ' inter-correlations of the four different-
type tests with one another and with the school examina-
tions.

If the tetrad-difference criterion be now applied to
Table X X111, the only differences of any appreciable
magnitude which occur are the following:

(@) FE-Yop ~ *Es- Yol = *25 X 40 mu 41 X *40 = ‘1009
(B} R ¥DC ~ FE,c-foM = *25 X *40 ~ 45 X 43 = ‘0935
(€) regr-#Mp ~ ¥p,0 Fuy = ‘25 X 43 ~~ 41 X 506 = 1221
(d) YoM Tuc~ reofum = 25 X "49 ~ "45 X *50 = 1295

Since their probable error is -0355, none of these differ-
ences are large enough (4l p.e) to attach much importance
to. In (a) and (b, however, the differences approach
3 p.e.,, and exceed thisvalue in (c) and (d). They therefore
suggest the possibility of additional small common factors.
If so, these would seem to be located in E3D in the case
of (a) and (c), andin E3Cinthe case of (b) and (d). We
have already noticed a tendency in E; towards a somewhat
lower reliability on account of the verbal mode of present-
ing the test, and the same in D possibly owing to the
abstract nature of the diagrams.! Since E; and C dso
employed diagrams, though of alessinvolved kind, and C,

! See p. 98. Such tendencies, again, were merely suggested by
the coefficients—hardly proved.
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like E3, was presented through the medium of written
words, these common features in the mode of presentation
may have caused some specific correlation between them.
On the other hand, the tetrad-differencesin (c) and (d) above
are partly augmented by the somewhat higher correlation
between the ''models' type of tests (ryy). Snce these
were tests of the same type some small specific correlation
between them seems not unlikely. This being so, the
evidence for group factors common to EsC and E3D is
still further weakened.

On the whole, then, there are little grounds for con-
cluding other than a single factor running through the
four different types of test to which the specific correlation
observed in Table X X I I | must be largely, if not entirely,
attributed.  Similar results follow from Table X X11.

(b) RAF. 'Mechanical* Group. Turning now to our
next group of data—Table XXI1V—and confining our
attention to the four measurements which we have called
the ' mechanical' group (rectangle A), the largest tetrad-
difference to be found is .0349, with a probable error of
*0204. Once again, then, there is no evidence of other
than a single group factor in this part of the table.

(c) RAF. 'subjects ." If, on account of its specific
correlation with the ' mechanical' group, the subjects of
the Passing Out Examination (S be included within it,
the highest tetrad-difference becomes -0602—a value less
than thrice its p.e, o210 Once more the ' specific'
correlation is wholly accounted for by a single factor
common to the ' mechanical' group and S.

Lyagms-Pre — ¥a,a-7g,r = *31 X *40 — 22 X 29 = -of02. This
might possibly suggest a small specific factor commonto T and S :
since these were respectively the theoretical and practical parts of
_ the same examination, and consequently involved much of the
same kind of technical knowledge, such specific correlation would
not be altogether unexpected.

The p.e. given is that based on the average inter-correlation of
all four ' mechanical' tests and S. It becomes -0203 if we take,
instead, the average of the four coefficients in the tetrad itself.
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(d RAF. 'lIntelligence Tests. Finally, we may
examine the tetrad-differences of rectangle B in Table
X X1V for evidence of factors common to members of the
"mechanical' and 'intelligence' groups. Here the small
differences which occur are found to be without significance,
for the largest, .0182, only just exceeds twice its probable
error, .0081.

(e) Conclusions. To sum up our evidence with respect
to the way in which m functions, the application of the
tetrad-difference criterion to our specific correlation co-
efficients has failed to disclose the presence, here, of group
factors. That is to say, when the influence of the genera
factor is removed the resulting specific correlation is
adequately explained by a single factor running through
those measurements in which this correlation occurs.
Small factors common to certain of the M tests have been
suggested, but the evidence for these is dender. Even if
existent, such factors would seem to be accounted for by
common features in the manner of presenting the tests,
especially to younger subjects, rather than by factors
within the mental processes essentially involved in working
them. So far then as our present data are concerned, the
marked super-correlation, and its natural consequence,
the high specific correlations between those items in which
the subject was required to deal with ' mechanical' material,
is best explained by a unitary factor—m—running through
this kind of work.

CORRELATION WITH m

Just as we were able to determine, from the ordinary
inter-correlations of three tests involving a single common
factor (g), the correlation of each of these tests with that
common factor (Tables XX and XX1), so we may now
employ the coefficients of specific correlation (Tables
XXIT and XXIV) to determine the correlations of the
' mechanical' tests with m* This has been done, and the

! For method, sse Appendix, p. 205.
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correlations of the M tests taken by the elementary groups
with m (working on Table XX11) will be found in Table
XXV. Similar data for the mechanical tests taken by
the R.A.F. mechanics are given in Table X XV I. These
tables are, of course, analogous, with respect to m, to
Tables XX and X X1, for while the latter indicate the
extent to which each test is ' saturated' with the general
factor which runs through all the data, so the present
tables indicate the degree to which each of the mechanical
tests is ' saturated' with the group factor.

Each of the M tests correlates fairly highly with w.
The average for the six tests employed with the elementary
groups is -66 ; that for the two tests given to the R.A.F.
mechanics is -6i. The two parts of the Passing Out
Examination (' Trade Knowledge ' and ' Subjects ') involve
m to about the same extent, .58 and .59 respectively.
While these coefficients are not sufficiently high to permit
our using, safely, any single test as a measure of m, the
tests compare favourably, in this respect, with many of
the tests of 'intelligence' in current use. Thus, to take
a notable example—the Thorndike Intelligence Examina-
tion used at Columbia College—the correlation of this
test with g, as determined from its correlation with the
special criteria which have been selected to establish its
validity, proves to be -51.' Similarly, the average corre-
lation between the following 'intelligence' tests,—viz.
"analogies ', 'completion' ' directions' and ' memory for
digits', and g—was found to be -615 : 2 while Webb,
working with ' corrected ' coefficients,® found his five tests
(‘reasoning ', ' comparison', 'problematic situations',

! The criteria were (i) Scholarship score during Freshman year.
(2) Regent's Examination score and (3) Secondary School Records,
The coefficient given above was calculated from the data of Table 32,
p. 87, Measurement in Higher Education, B. D. Wood.

2 By Spearman, from data obtained by Otis and Carothers: see
Abjlities of Man, p. 219

% 1.e. corrected for ' attenuation' due to errors other than the
"sampling' error. Such correction tends to raise the coefficients.

10
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" definitions', 'opposites) to correlate with g to the
average extent of -65. Such tests appear to be among
the best commonly used to measure " intelligence .'

Table X X'V | provides aninteresting comparison between
the two parts of the R.A.F. Passing Out Examination.
The ' subjects' part of this technical examination is seen
to involve as much m as the test in trade knowledge and
ability. Referencetotheir correlationswithg (Table X X1)
shows that the former *(' subjects ') part is saturated with
g and m to about equal extents, while the trade test is more
saturated with m than with g. This suggests that an
individual endowed with a fair degree of m may make a
good practical ' mechanic', yet never reach the higher
professional walks, entailing deeper theoretical knowledge,
through lack of g.

MEASUREMENT OF m

(&) Method of Measurement. We now have, for the
first time, the necessary data for measuring a ' specia
ability '—m, and for checking the accuracy of this measure-
ment. To consider first the method of obtaining the
measurement, let us denote the score of an individual, X,
at one of the M tests, a, by Max. It would be clearly
erroneous to assign to him the whole score Max as his
measure of m, since this score depends not only on m but
aso on g, and possibly on factors which may enter ' specifi-
cally ' into the particular test a. On this account the
score must be resolved into three parts, one part being a
function of his g, another a function of his m, and athlrd
a function of his 'specific' ability for test a' Prof.
Spearman has shown that the first of these partsis equal to

+ &z Wherez,, isthe correlation of awith g, and gx|sthe
amount of the individual's g, whence it follows that g',

! When there is no specific factor the third part becomes zero.
While this is hardly likely to occur in any single test, the effects
of such specific factors will tend to cancel in a team of M tests.
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equals r*"MA  Analogously, the second of these parts
equals rammy, where ray is the correlation of test a with
the group factor m, and my is the amount of the individual's
m ; whence the required determination of my is given by
ramMay Where me and Mg have the same standard devia-
tion. Thus the value to be assigned to my is obtained by
multiplying X's score at the test by the correlation of that
test with m. For example, -68 of the score made at Ms
(Table XXV), -65 of the score at Mg, etc., gives the most
accurate measurement of the individual's m as gauged by
these tests. The customary practice of taking the whole
score as the measure of the 'ability' involved would
introduce an error of over 40 per cent, on this account
aone!

(b) Accuracy of Measurement. Even the more accurate
determination, Fam, M 4, involves a probable error amounting
to -67450" (1 —r%m) -, where o, is the standard deviation
of a. It obviously decreases as r,n, increases, and unless
ram IS high the probable error will be so large as to render
our measurement untrustworthy. To take an actual case,
the root quantity above works out to -89 for the M test
having least correlation with m, viz. E3 (.46). This means
that the sampling error involved in employing this test
alone as a measure of mis as large as 89 per cent, of that
expected from a pure guess. For M, which correlates 79
with m, the figure falls to -61, so that a measurement of m
effected by this test is appreciably more accurate than
that given by E3; vyet it is not satisfactory, since the
probable error is still no less than 61 per cent, of that
likely to arise from mere guesswork. In order to arrive
at a more accurate determination we must somehow raise
the correlation between the measuring instrument and m.
This can be done by using not one, but a number of M
tests, and ' pooling ' the scores.  For example, if we pool
the two tests which correlate most with m, namely M, and

! Provided gx and Max have the same standard deviation. See
Abilities of Man, p. xiv ff.
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C, and give equal weight to each, the correlation of this
'team ' with m becomes -85 ; if, further, we include Test
D, the correlation of our team with m becomes .87. By
adding yet a fourth test—another of the completion type—
the correlation of the teamwith misraisedto -904* While
the standard of accuracy indicated by this figure would
seem to be superior to that commonly attained in much
current mental testing, it still leaves something to be
desired, for we should hardly remain satisfied with a corre-
lation under .95. This standard can be reached in the
present case by still further increasing the number of tests
in the team, and by giving additional weight to some of
them. One such team is composed of the three ' models '
tests (Ms, Mg, M5), the diagramstest (D), and five completion
tests (similar to C). The correlation of this team with m
is -951.> A yet higher correlation with m may be looked
for from improvements in the tests suggested by the
analysis to which we now turn.

! By Spearman's formula for the correlation of sums, Brit. Jour,
of Psych., v, 417.

& Assuming that the average correlation of the new C test(s) with
the others in the team is the same as that of the present C.



CHAPTER | X

SUBJECTI VE ANALYSIS OF m

METHOD ADOPTED

O obtain insight into the psychological nature of
the group factor which the correlations have dis-
closed, a variety of our tests were submitted to

psychologists well known on account of their special
qualitative studies of mind, and in other ways, as able
introspectors. Their careful accounts of what occurred
mentally during the working of each test were taken down.
Introspective data were aso collected by ourselves during
the construction of the tests, and subsequently. In our
own cae we found it helpful to adopt, in addition, a
somewhat novel method of recording the introspection.
This consisted in noting down as briefly as possible each
thought (or other process) as it occurred while the task of
solving the problem was actually in progress. While this
procedure necessarily lengthened the time taken to solve
the problem, and may at times have altered, to some
extent, the course which mental activity would otherwise
have taken, it served to record facts which the ordinary
retrospective method might have overlooked. On this
work of analysis much light was shed by Professor
Spearman’'s principles.

. In the light of these introspections the mental activity
involved was analysed into its constituent unit-processes,
special regard being paid to those processes which seemed
most directly associated with the 'mechanical' factor,

135
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Here, as throughout, we have been concerned with per-
ceiving and thinking rather than with feeling and willing,
i.e. with 'cognition' rather than with ' affection' or
"volition\ Consequently, our attention has been given
mainly to cognitive processes which occur in solving the
tests. It isrealized that emotional and volitional factors
are important determinants of success in any task, but
these would seem to merit a special study. The analysis
has been based on Professor Spearman's Principles. In
the hope of making it clearer to those who may be un-
acquainted with these, we preface it by the following brief
account of the three principles with which we shall be
chiefly concerned.

THREE FUNDAMENTAL PRINCIPLES
FIRST PRINCIPLE : APPREHENSION OF EXPERIENCE

"Any lived experience tends to evoke immediately a
knowing of its character and experiencer. The first
principle, thus stated, maintains that in the case of any
cognizableitem that comeswithin range of our experience,
we tend to know immediately, i.e. without the occurrence
of intermediate conscious processes, one or more of its
' characters ', and ourselves as knowing this ' character .’
To this process of knowing the ' characters ' of items given
in experience Professor Spearman has given the name
"experiential apprehension’, or more briefly ' appre-
hension .

For example, the subject looks at a working mechani-
ca model. The various parts of the model are the
items of experience; their shapes, sizes, movements, etc.,
are their 'characters'. The subject will tend to know
(apprehend) these characters when he looks at the items,
and in so far as such knowledge occurs it does so without

! For a full account, see The Nature of ' Intelligence’ and the
Principles of Cognition, C. Spearman (Macmillan, 1923).
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the intervention of other processes—it is a unit-process
incapable of further introspective analysis. By this same
principle, too, he tends to know, in the same immediate
way, that he knows these characters.

SECOND PRINCIPLE : EDUCTION OF RELATIONS

Satement. ' The mentally presenting of two or more
characters (simple or complex) tends to evoke immediately
a knowing of relation between them." Starting with the
products of the first principle—characters—this second
principle states that when two (or more) characters (such
as 'black and ' white) are presented mentally, there
tends to occur an immediate knowing of one or more
relations between them (such as ‘'opposite’). Such
cognizing of relations is known as 'eduction’, to dis-
tinguish it from the ' apprehension ' involved in the first
principle.

" Fundaments. ' The items that bear a relation to each
other are known as its fundaments. Thus, in the above
example, ' black ' and ' white ' are the fundaments of the
relation 'opposite\ It is clear that relations may be
educed between any of the characters apprehended in
experience, and also between the relations themselves, as
when the relation which three bears to six is seen to be
equal to that which five bears to ten. Consequently, any
of the products of the first and second principles (and aso
of the third, as we s later) may serve as fundaments,
and these may vary considerably in degree of complexity
and abstraction.

Diagrammatic Representation. The eduction of rela-
tions is conveniently represented symbolically by the
following diagram in which the sguares represent the
apprehended fundaments, while the dotted circle repre-
sents the relation which tends to be educed between them.!

! From Spearman's Principles, p. 64.
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- an®

Al [B

THIRD PRINCIPLE : EDUCTION OF CORRELATES

Satement. ' The presenting of any character together
with any relation tends to evoke immediately a knowing
of the correlative character.’ The process covered by
this third principle may be described as follows. When
any character such as ' white\ together with any relation
such as ' opposite, is given initially, then it is possible
to educe directly from these items a second character
which bears that relation to the given character (in this
instance, ' black ). This second character is known as a
'correlate " The knowledge of the appropriate correlate
has its immediate source in, and is, as it were, 'drawn
out' from the very meaning of the initially presented
items. The process of ' correlate finding', then, like that
of 'relation finding ', is eductive. It, too, may be repre-
sented diagrammatically.!

Al iB:

Here, A represents the initially given character which
isserving as fundament, and C theinitially given relation ;
B represents the correlate educed from A and C.

As before, the fundaments may be simple and concrete,
or may attain to any degree of complexity or abstraction :
they may, moreover, be relations, aswhen the opposite to
" different’ is seen to be ' same '

1 Spearman's Principles, p. 92.



SUBJECTIVE ANALYSIS OF m 139

Multiplicity of Elements. So far, only cases in which
relations have functioned singly have been considered,
but in the manifestations of both the second and third
principles the fundaments or relations which enter into
any single eductive process may be multiple, as when each
of a number of objects is seen to be different from, or
similar to, the rest (second principle), or when a point
equidistant from three given points is found (third
principle).

THE ANALYSIS OF m

Introductory. All the essential proceses associated
with the group factor (m) come clearly and completely
to view in the ' models ' tests. We shall therefore employ
our analysis of the latter to provide typical examples of
these processes, and accord briefer treatment, in the
Appendix, to the other tests in which m was found.

It will be remembered that in the ' models' test the
experimenter moves one of the visible parts of the mechan-
ism, and then there ensues a movement of one or more
other parts. The subject is required to indicate the
mechanism needed to fill the gap(s) between the original
and the ensuing occurrences. In its general form, then
this test is not unlike the Ebbinghaus Completion Test,
but differs from it entirely in material. The activity
involved in solving each ' model’ fals into three stages,
viz. (i) the specific formulation of the problem, (2) the
devising of some general method for solving the problem,
and (3) the working out of the details of this method in
relation to the problem. The time and effort needed for
these stages was not the same in each test. In some cases
the finding of the method and its correct detailed appli-
cation to the problem in question occurred almost simul-
taneously, so that it was difficult to distinguish, intro-
spectively, the second stage from the third. In other

L An ‘intelligence' test in which certain missing words have
to be inserted in a sentence.



140 MECHANICAL APTITUDE

cases, particularly where the mechanisms were more
complex, the third stage was easily distinguishable from
the second, and became the crucial part of the whole
problem. Let us examine these stages in detail.

FIRST STAGE: SPECIFIC FORMULATION OF THE PROBLEM

Description. Here the subject must follow the demon-
stration of the model, and note the various parts pointed
out by the experimenter. In particular he must observe
what the experimenter does when he works the model,
and what results therefrom. He has passed successfully
through this stage when he has formulated the problem
in some such words as, ' How can that button be moved
up by moving this handle down ?"'

Although the unit-processes involved in this stage are
numerous, it must be remembered that more than three
moving items are seldom introduced into any one ' model \
Moreover thiswork is facilitated by the experimenter, who
not only demonstrates the actual movements by working
the model, but aso directs attention to those features
which enter essentially into the problem. Consequently,
the work of this first stage, in so far as it refers to the
grasping of the general problem as initially presented,
seemed well within the capacity of all subjects.

But the subject must not only make clear the require-
mentsinitially, he must keep them clear during the second
and third stages. Here greater individual differences were
observed. This is not merely a matter of memory. A
weak subject who finds his whole attention engrossed over
one baffling point is apt to lose sight of some other essential
requirement. To quote the introspection of a subject who
had incorrectly placed a pulley to the right of, instead of
above, a certain groove .—' | placed top pulley to the
right without thinking of its position. It seemed to be
swamped in the larger problem of how the downward pull
of the string would move the button upward.’

Finally, the making of the requirements clear includes
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the analysing of the initial, complex problem into its sub-
sidiary constituent problems. The importance of such
analysing is shown in the following introspection: ' The
idea occurred to me that there might be two bars . . . but
as it (the model) worked again | thought this impossible
or unlikely. 1 then thought that the stopping (of the bar)
could be produced by a projection fixed to the bar. The
method of stopping the bar seemed to be the main problem.
| did not know where the projection was placed. ... |
thought there might be severa projections, but had no
idea of their precise situations or the effects they would
produce. | then split up the problem into two parts and
asked (i) what would prevent the bar moving more than
half way to theright, and (2) what would prevent movement
of the bar to the left to the extent observed. | decided
that the projection as indicated (in Ss answer) would do
this. The real intellectual work begins with splitting the
problem into two parts.'

The essential cognitive processes involved in this first
stage may be divided into:—(I) those involved in cognizing
the presented items when stationary, and (2) those involved
in cognizing the movements of those items which move.
They may be stated as follows :—

Processes involved in cognizing the items when stationary :

(1) Apprehension of certain spacial characters of each
item, viz. its shape, size, and position.

(2) Apprehension of certain ssmple qualitative characters
of each item, especially whether it is ' stiff' (as
arod) or 'limp"' (as a string).

(3 Eduction of therelations in space which the position
of each item (at any given moment) bears to the
positions of the other items (at the same moment).

Processes involved in cognizing the items when moving:

(I) Apprehension of certain characters of the movement
of each item, viz. its spacial characters of shape,
dze (or extent), position, and direction; its
Space-time character of speed; its temporal
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character of time of occurrence (simply appre-
hended as occurring ' now ', or 'just occurred’,
or ' about to occur ).

(2) Eduction of certain relations between the above
characters of the movements, viz. the relation
of likeness (or difference) between their shapes,
simple quantitative relations between their szes,
the spacial relations between their positions
(both between the positions of the completed
movements, and between the positions which
the moving items may at any time occupy during
movement) ; the spacial relations between their
directions; simple time relations (as of 'simul-
taneity ' or 'successon') between their times;
simple quantitative relations between their speeds
(such as 'greater ', 'equal’, or 'less’).

(3) Eduction of remote causal relations between the
movements themselves.

With regard to the last-mentioned causal relations, if
A, B and C are three items such that when movement is
imparted to A, B and C are aso observed to move, A's
movement will be cognized as the cause of B's and C's
movements, but it will not be known immediately from these
observed movements whether the movement passes along
the hidden part of the mechanism from A to B and thence
to C, or from A and C and thenceto B, or directly from A
to both B and C. Hence although the movements are
known to be causally related, the precise way in which
they are so related (i.e. the relative immediacy of the
relation in the case of any pair as compared with any other
pair) is not given in the presentation.

The knowledge that the observed movements are causally
related is derivable from three sources: (I) by simple
acceptance of the experimenter's statement that the
observed parts of the mechanism ' work together '; (2) by
reproductive association—the subject, having observed
formerly that the movement imparted to one part of a
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mechanism is able to cause movement in other distant
parts by means of suitable connections, and that such
movements cannot occur of their own accord, now associ-
ates by similarity the present mechanism with such known
mechanisms; (3) by eduction the movements of one
item are seen to vary concomitantly with those of another,
from which is educed their causa relation as an attribute
of the movements themselves.

Diagrammatic Representation. The mental processes of
this first stage are represented diagrammatically in Fig.
5 : the characters by black squares, the relations by black
circles. The dotted rectangle represents the gap which the
subject is called upon to fill, and encloses the items which
must be cognized in stages 11 and 111, and whose nature
will be dedt with later.
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Comments. The work of 'making the requirements
clear' consists essentially in selecting from the various
characters and relations given in the presentation those
which bear specifically on the problem, and bringing these
to clear awareness. Thus, where a downward movement
of one item must be brought about by an upward movement
of another, attention must be specialy focused on these
particular characters of the movements and on the relations
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between them in order to make this requirement clear.
Similarly, the work of analysing the problem into its
parts consists in singling out for specia consideration each
requirement in turn and making this clear.

We shall se later that many of the items cognized in
this stage function in the eductive processes of the second
and third stages. The subject, however, may not always
be fully aware of the items which function, for these may
do so at a very low level of intensity, or even sub-con-
sciougly.

Terminology. For clearness and brevity, we shall refer
to the 'characters enunciated above as mechanical
characters—and to the relations as mechanical relations.
Of such characters (or relations) those which bear specially
on the problem in question we shall call the relevant
mechanical characters (or relations).

SECOND STAGE : FINDING A GENERAL METHOD

Description. Having made the requirements of the test
(or some particular part of it) clear, the subject proceeds
to find some method which will satisfy these requirements,
i.e. to fill in by a suitable mechanism the gap between the
- presented items, represented by the dotted rectanglein Fig.
5. If he doesnot sseimmediately how thisis to be done—
and this seldom happens except in the case of the first model
of each series, which was made especialy easy—he tends
to conceive, in quite general terms, a method which seems
likely, or possible. The details are usually lacking. There
may be, for example, no clear idea where the pulley, or
the pivot, or the string which it is intended to use should
beplaced. Thatisto say thereis, asyet, no clear cognition
of the relevant mechanical characters of the items to be
employed. As these become known the work passes from
the second stage to the third.

Two Methods of Search. The search for a suitable method
may be pursued in either of the following ways:
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(1) Reproduction followed by Eduction. The presented
mechanism recalls some particular kind (or class) of mech-
anisms known to the subject (sometimes a mechanical
model which he has previously solved), and he thereupon
reproduces such items as he has learnt to associate with
these mechanisms.

If reproduced from a general class of mechanisms the
items are usually vaguely conceived. The subject must
then re-examine the specific requirements of the test in
order to give clearer definition to those characters of the
reproduced items which bear directly on the problem.
In so far as this occurs the process is eductive. Such
characters of, and relations between, the presented items
relevant to the problem (i.e. the 'requirements') are the
first fundament, the causal and spacial relations which
it is proposed that the reproduced items should bear to these
act as the mediating ' relation’, the more clearly defined
characters of the reproduced items are educed as the
correlate.

When derived from some definitely remembered
"method’' the characters of the reproduced items are
usually recalled with greater clearness. Reference to the
requirements of the test is then necessary to determine
whether these characters are suitable. Here, again, the
process is one of eduction—but this time of relations—
in which is sought the relations between the characters of
the items as reproduced and the ' requirements' as pre-
sented in the test. Such eductive processes lead either
to the acceptance or the rejection of the ' method'. If
the method is found unsuitable, the subject must renew
his search. As the search proceeds the items reproduced
tend more and more to be controlled by such knowledge
of the special requirements of the problem as has come to
light during previous trials. That is to say, this "trial
and error ' method tends to pass into an alternative method
which we will now proceed to describe.

(2) Eduction followed by Reproduction. This alternative
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method is by means of correlate-eduction followed by
reproduction. One or more of the attributes of the pre-
sented items, i.e. the ' characters' and ' relations’' of the
items, and of their movements, cognized in Stage I, function
as theinitially given fundament; the relations which the
items sought for in the method must bear to these pre-
sented items are given in the problem itself, and function
either singly or complexly as the given 'relation ', hence
are educed one or more attributes (i.e. 'characters or
"relations’) of the item sought for. The item which is
known to have such educed characters then comes by
reproduction.

For example, the subject educes that something ' stiff,
"joining two buttons in a straight line ', which can aso
"move with the buttons' in a certain observed way, is
required, and reproduces a 'rod'; or he educes that
something is required that will " pull" but not ' push
and reproduces ' string'; or again, he educes that in
order to connect up certain items the required item must
pass, as it were, round corners, and reproduces ' pulleys
and string \

Chief among the educing fundaments are the space
relations between the presented items and their movements.
These differ peculiarly from other kinds of relation in that
they have, themselves, a spacial character. Thus the
complex space relation between three co-linear points
has a definite spacial character differing from that of the
space relation between any other arrangement of points.
Similarly, the relations between the movements of the
various items have each a spacia character. The subject
knows that the items (and their movements) sought for
in the method must fit in spacially with those given in the
presentation : that is to say, that their spacial characters
must in some respects resemble those of the space relations
between the presented items. Hence is educed the corre-
lative spacial character of the items sought for. To give
an illustration, a subject (a university graduate) was
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shown a 'model’ in which two buttons moved along
grooves at right angles to one another. He stated that
this arrangement of the movements (i.e. the spacial char-
acter of their relations) was seen to differ from a previous
one (in which the movements were parallel) by being more
complex; it seemed divisible into two parts. Conse
quently he sought for something having two partssimilarly
arranged. This suggested the two arms of the human
body—then two rods pivoted together at one end. He
remembered having seen a similar arrangement of rods
in a strength-testing machine. Here the particular spacial
character of the relation between the presented move-
ments, together with the relation of 'resemblance,
enabled the correlative character of the required item to
be educed—the actual item then coming by reproduction.

Diagrammatic Representation. The processes whereby
certain of the characters of the items sought for in the
"method ' tend to be evoked, may berepresented diagram-
matically:
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A represents the initially given (complex) fundament.

B represents the initially given relation.

C represents the educed correlate.

D represents the reproduced item, i.e. something that can ' pull’
(or "push’, or do both, as the cae may be),

<->reproductive association.
[
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A represents the educing fundament, viz. some common spacial
character of the initially given relations.

B represents the educing relation—the item sought for is known
to 'fit in' with A.

C represents the educed correlate.

D represents the reproduced item.

<-> reproductive association.

Comparison between the two Methods. Both methods
involve reproduction and eduction, but differ in the order
inwhich these occur. By the first method the items sought
for come by reproduction and must then be compared
with the requirements of the test to determine their
general suitability; by the second method the genera
character of the items sought for is educed as a correlate
to the given requirements, and the item having this general
character is then reproduced. Similar differences are to
be observed between the methods of solving an ' analogies '
test, or a ' completion ' test, or indeed, it would seem, any
test in which some missing essential part has to be found.
To take an example from ' analogies, the subject is pre-
sented mentally with the following :— Before, behind;
future, ? in which he is required to find a fourth
term bearing the same relation to the third as the second
bears to the first. He may proceed in either of two ways.
He may first reproduce by mere association of ideas the
term 'past’, and then see whether this term fulfils the
required condition—a procedure which corresponds to
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our first method above. Or he may first educe the relation
between the first two terms and then, using this as the
educing 'relation ', and ' future' as the initial fundament,
educe the required correlate—a procedure corresponding
to our second method above. It is clear that of these two
methods the second is to be preferred, since the search
when thus pursued is directed by some knowledge of what
to look for. If, however, the eductive process is weak, so
that the subject findsit difficult to cognize clearly the rela-
tion between the first two terms, he must needs resort to
the first method. By so doing he tends to lighten the
demand made upon his eductive powers, for now he has
only to educe the identity (or otherwise) of the two relations
—a task usually easier than that of educing their precise
character.

And so with our ' models'. The weak subject tended
to adopt the first method. He would frequently attempt
to bring the requirements of the problem under some
familiar general heading or principle, such as that of
"levers or 'pulleys, or would 'recall some previous
attempt—often with little bearing on the problem in
hand. His eductive powers for this kind of test being
weak, the third stage—that of 'applying the method'
—was usually poorly carried out and he seldom arrived
at a neat solution.

But a 'model' differs from an 'analogy' in one
important respect—the items required to be found in the
former number not one, but several, and the relations to
be satisfied are many.  In thisway it more closely resembles
a 'completion' test in which several words, or even a
whole sentence, are missing. On this account the items
are seldom reproduced with full knowledge of all their
essential' mechanical' relations and characters. To bring
these to greater clearness and perfection is the work of
the eductive processes of the third stage.
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THIRD STAGE : WORKING OUT AND TESTING THE GENERAL

METHOD
Description.  During this third stage the subject
endeavours to fill in the actual details of the gap repre-

sented by the dotted rectangleinFig. 5. Thiswork may be
divided broadly into two parts, viz. (A) the detailed appli-
cation of the general method decided upon in the previous
stage to the particular ' model' in question, and (B) the
testing (mentally) of the ' method" when applied, to s
whether the ' model' as completed will work. The latter
part may be dispensed with when the task is an easy one ;
otherwise, it forms an important final step.

A. Detailed Application of the ' Method '

The mental work, here, consists essentially in cognizing
clearly those attributes of the various items it is proposed
to employ in the ' method" which we have called their
relevant mechanical characters. This includes, of course,
the modification or elimination of any characters that
may have been wrongly attributed to these items. He
must aso cognize those relations (mainly spacia) which
the character(s) (such as shape and position) of each item
must bear to those of other items. Especially important
here are the spacial relations between the movements of
the items, and particularly so in the case of each pair of
contiguous items.

The eductive processes involved in this part of the
work are largely those of correlate-finding. For example,
the subject, having decided to connect two items by a rod,
wishes to determine where the pivot should be placed.
Several fundaments and relations are available whence
this knowledge may be educed. The successve positions
(or any two positions) which the rod is required to occupy
when moving may function as the initial fundament, the
knowledge that the pivot must be at some point common
to all these rod positions provides the given relation;
hence is educed the position of the pivot, viz. the point
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of intersection of these rod positions. Alternatively, the
quantitative relation between the szes of the arcs described
by the two ends of the rod is first observed; the position
of the pivot is then educed as that point which divides the
rod into two parts bearing this quantitative relation to
one another.

In the last example, the relation mediating between
the two fundaments (' pivot' and ' rod') must itself first
be educed as the relation between two other fundaments
(the movements on the ends of the rod). Sometimes such
educed relations will form part of the initial fundament,
particularly when the mediating relation is either a causa
or an evidential one. The following is a case in point:

A and B (Fig, 8) are rods so connected that when A is
pushed upwards B aso moves upwards; and vice versa,
when A is moved back into its original position, B simul-
taneously moves back. The subject decides to produce
A and B towards one another until they meet, and to fix
each rod to the card by a pivot. It is then seen that the
contiguous ends of the rod would describe circular move-
ments. The space relation between these circular move-
ments is educed as that of ' overlapping ." This relation,
together with the ' shape ' of the movements, functions as
the initial fundament, the mediating relation is that of
"evidence ; hence is educed the need of some modifica-
tion at the ends of the rods to permit of this ' over-

lapping .’
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The precise kind of modification which the subject may
employ must be decided by further eduction, or by repro-
duction. The following figures show how the subsequent
course of eduction may lead to two different kinds of
modification :

INARTE=R

PVAYA

In Fig. 9, A, B, C and D illustrate a subject's successve
attempts to devise the necessary modification of the ends
of the rods. Fig. 10 shows the same thing for another
subject. In both cases the subjects (university graduates)
grope their way to a partial solution of the problem by a
series of eductions in which the necessary spacial char-
acters of the end of the rods become gradually clearer.
Some further examples illustrating the eductive work of
this third stage will be found in the Appendix.

B. Testing the Method

Difficulty Experienced. The second part of this stage—
the final testing of the method—consists in cognizing
whether, and if o, how, the various items which have been
introduced into the solution will move when an attempt
is made to work the model. References to it were made
in the introspections by such wordsas : 'l tried to cognize
the effect of moving the handle\ ' 1 tried to see how it
would work', "I put in the pivot and saw that it would
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work \ It becomes more evident as a distinct step where
the subject has had difficulty in applying the method.
In such casss he is usually unable to deal with more than
alimited part of the problem at atime. Having completed
the' model' in this piecemeal fashion, it remains a distinct
task for him to se whether all the requirements are
satisfied.

The solution referred to in Fig. 14 brings out this step
clearly. The subject (a university graduate) first obtained
string C, then, after a distinct pause, string D. He then
tried to s how the complete arrangement would work.
This appeared in the introspection because the subject had
the greatest difficulty in doing so; in his own words, " |
then tried the movement (mentally) again to se the com-
- bined effect of both strings. | found it difficult to cognize
this combined effect and was not satisfied with the result,
but had to leave it.’

Two Classes of Items. The nature of this difficulty will
ber rendered more intelligible if we begin by classifying the
items employed. These may be divided into two classs,
viz. those, like rods, strings and springs, which are used
to transfer force from one item to another; and those, such
as pulleys, pivots and pins, whose function it isto determine
the spacial characters of the movements which may arise
in items of the former class as the result of such force.
Whereas members of the former class may form links in
a chain along which motion is transferred, the latter do
- not, but are, as it were, 'bound' to those links whose
movements they determine—the pulley to its string, the
pivot toitsrod. The'links' may be further divided into
two classes viz. (1) those, like rods and strings, which
retain their shapes and szes throughout, and (2) those,
like springs and elastic bands, which are used on account
of their elasticity.

Modes of Linkage. The 'linked ' items may be further
distinguished according to their mode of linkage. They

! Appendix, p. 200.
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may be fastened together, or may be simply contiguous
in space.  The mode of fastening may allow some freedom
of movement at the joint, which may be rotary, as when
one rod pivots on another, or translatory as when it travels
anng a dlot cut in the other. Items may be employed as

'simple’ links, or combined together into ' compound'
links. Fig. 16" will illustrate this. When X is pushed
upwards its movement is transferred to B and C by the
single 'link " A ; such alink will bereferred to as a simple
link. A's movement, on the other hand, is transferred
to Y by means of two items, B and C, linked not only to
A but also to one another : such alink as B-C, consisting
of two or more linked items, will be referred to asa' com-
pound ' link.

Two or more Iinks (simple or compound) may be put
together to form a 'chain\ A pair of items may be
connected by a single ' chain’, asXY in Fig. 16, or by a
double chain, as AB in Fig. 132 Chains of greater com-
plexity were not employed in our tests.

General Course of Mental Activity. Now the mental
work involved in the present phase, that of testing the
method, consists, broadly, in taking each pair of links in
turn and considering four things : (I) the kind of move-
ment which the force imparted to the ' operating' link
tends to bring about in it; (2) the spacia characters
(" position' and ' direction’) of the force which is conse-
quently transferred to the ' operated ' link; (3) the kind
of movement which such force tends toimpart to this link;
and (4) the possibility of movement actually occurring,
and if s, the kind of movement which does in fact occur.
Of these, the first three, although essential preliminary
steps, usually provide far less difficulty than the fourth,
which is the principal step here. We will consider the
mental processes underlying these steps in the case of the
pair of simple links shown in Fig. 1.

Here thestring S, passing over two pulleys P,, P, has its

! Appendix, p. 201. 2 Appendix, p. 199.
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end s tied to the end r of arod R. The latter is pivoted
toasupport at F. P, P, and F are in the same vertical
plane. It isrequired to cognize how the string S and the
rod R will move when Sis pulled at X in the direction of
the arrow. Such a simple task would be immediately
carried out by most subjects—although even here some
striking differences were observed.

Prelimnary Seps.  The first step consists in recognizing
the kind of movement which the pull at X tends to set
up in the string, which is here the operating link, and, in
particular, the direction of the movement at s. Such
knowledge is given by the space relations between the
point X at which this force is applied and the items to
whichthestringis' bound', viz. the pulleys P;, P,, together
with reproductive knowledge of how strings in general
act when pulled.

The question to be answered in order to carry out the
-second step may be put quite generally as follows: (a)
Will the ' operating ' item exert a force on the ' operated '
item when the former tends to move in the way cognized
in the first step ? (b) If so, at what point inits movement
will it begin to exert this force ? (c) At what point on the
"operated' item will it be exerted? and (d) in what
direction ?

Where, asin the present case, the two links are in immedi-
ate contact, the answers to these questions come by way
of reproductive knowledge that a string tied to an object
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will exert a pull as soon as it is itself pulled taut, at the
point to which it istied, and in the direction in which the
tied end tends to move. In the light of this knowledge,
S is cognized as tending to pull r 'upwards when the
string is pulled.

The kind of movement which tends to be st up in R
as the result of the pull at r must now be cognized, such
work constituting the third step. Thisis merely arepeti-
tion of the first step, but now carried out with respect to
the © operated ' item R. As before, the answer is known
from the space relation between the point of application
of the force (r) and the pivot (/) to which the rod is
"bound’, together with simple reproductive knowledge
of how rods rotate on pivots. In this way R is cognized
as tending to rotate in a clockwise direction as a result
of the pull at r.

Principal Sep. So far only one position of the 'links'
has been considered, viz. that which they occupy before
movement begins. Usually, however, the two items are
required to move in such a way that they continually
change their positions relative to one another, with a con-
sequent change in the direction, and perhaps aso position,
of the force on the 'operated' item. Usually, too, the
" operating' item is required to exert a continuous force
on the ' operated ' item during such part of its own move-
ment as will serve to bring about a definite kind of move-
ment in the 'operated' item. It therefore remains, in
this fourth and principal step, to determine whether the
two items are so 'linked' that the requisite changes in
their relative positions may be possble. To put this
question in reference to our example—how precisely will
the rod and string sotied together move, if at all, when the
string is pulled ? This step was referred to as ' cognizing
the combined effect of the movement \

There are two ways in which the subject may carry this
out. He may cognize the movements of both items simul-
taneously as they are conceived to travel from their initial
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to their final positions;* or he may consider each move-
ment separately. The essentia underlying process, how-
ever, is the same in both cases, viz. that of correlate-finding.

To take the first case, the rod is concelved to move
forward slightly in the way cognized in step (3). We will
call the position into which it immediately passes R,
(Fig. 12). The correlative position of its end r is known
from the constant relation which it bears to the rod. Let
this position be r,. The reproductive knowledge that the
end s of the string must remain tied to the rod gives the
relation between 5 and r, whence the correlative position
of 5 (say ) is educed. Finally, from s, and the known
gpace relation which the rest of the string must bear to
its end which passes over the pulleys as cognized in step (1),
is educed the correlative position of the whole string (S;).
In the same way, as the rod is conceived to continue its
movement forward through Rs;, Ry, etc., the correlative
positions which must be taken up by the string are educed.
The space relation between each pair of correlative positions
at any point of the movement indicates the kind of pull
on the rod at this point, and hence it is known whether
there will be any tendency to further movements. Such
further movement of therod will be cognized as' possible' so
long asthe correlative position of thestringisone intowhich
the pulleys will allow it to be pulled, as cognized in step (1).

These processss are symbolized in Fig. 12, where R,
R,, Rz . . . R, symbolize the course of the rod's move-
ment, S S, . .. S, the educed correlative movement of
the string. The small circles symbolize the space relations
whence, from any given position (R;) of rod, the cor-

! Some subjects had the greatest difficulty in cognizing move-
ments of two objects simultaneously. One subject (an eminent
psychologist) found that only at the highest pitch of concentrated
attention could he 'catch a glimpse' of two wheels of different
sizes revolving simultaneously around the same axle; he had equal
difficulty in dealing with a driving band passing around the cir-
cumference of a pulley wheel.
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relative position (S;) of string is educible. The large
circles indicate the space relation whence it is known
whether any further movement will tend to occur. The
thick black squares represent the originally given funda-
ments.
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To turn to the alternative method of effecting this
fourth step, the general course of the movement which
the rod tends to carry out is cognized as before—steps
(1)-(3). The effect which this kind of movement would
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have on the item to which it is' linked ' is then considered
in the light of simple reproductive knowledge' —in the
present case, for example, it is seen that the clockwise
movement of the end of the rod would pull the end of the
string in the same direction.

The movement will be cognized as 'possible’ so long
as this clockwise movement of the end of the string is
consistent with the movement of the string over the pulleys
as cognized in step (1). The position in which the items
come to rest (SiR,) is cognized as that point in their course
at which this condition ceases to be fulfilled, i.e. at that
point in the movement of the rod at which its end
approaches nearest to pulley P,. The extent of the whole
movement of either item is then known, being the space
traversed in passing from itsinitial to itsfinal position.

General Survey. Having worked over every case of
direct linkage, it remains to survey the mechanism as a
whole to se that no item in moving will interfere with the
movement of any other. Where, as in our tests, the
mechanism is not too complex and the links are fairly
widely spaced, a genera glance will usually suffice for
this. Where, howevef, the close proximity of any pair
of links suggests the likelihood of one interfering with the
other, the correlative positions which each of the pair of
items concerned will pass through as they move, must be
cognLed ; whence it can be seen whether or not the items
will tend to occupy, simultaneously, the same position
at any time. The finding of these correlative positions,
although a more complex operation than that which we
have just considered, involves no essentially new process.
For any given position of one 'link', the correlative
position of any other 'link" of the chain may be found
by cognizing, successively, the correlative positions of the

! Such knowledge relates to the way in which the items are
"linked ' ; objects pinned or tied together are known to remain
in contact when moved, rods slotted together may slide on one
another to some extent, etc.
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intervening links. It would seem, however, that the
greater the number of links one can deal with at a time,
by keeping all the necessary relations in mind, the better.
- Where more than one 'chain' is employed, what has
been said with respect to ' links " applies dso with respect
to 'chains. Having examined the complete movement
of each chain in the way described, it must then be seen
that each pair are so linked that when one chain is operated
the ensuing movement in the other is possible and of the
kind required.

We have not yet considered those cases where the items
are so linked that they are not in contact throughout the
movement, nor those in which compound links are
employed. These, however, differ only in complexity
from the simple linkage aready examined. As they
provide no new difficulty their consideration has been
postponed to the Appendix.! For similar reasons the
analysis of our other testswill also be found i n the Appendix,
for these too, while clearly showing the presence of the
same kind of mental operations as those which we have
now examined, failed to disclose any additional processes
which could be specially associated with m.

THE NATURE OF THE GROUP FACTOR

Having examined the mental processes occurring in
those tests which involve m, we are now in a position to
se more clearly the psychological nature of the latter. It
Is true that these tests needed the ability to understand
the simple instructions given, and a willingness, together
with the necessary interest and attention, to carry them
out. But such may be said of all mental tests—and they
are, moreover, qualities which would tend to diminish the
influence and significance of any 'specia ability\ By
taking groups of subjects of approximately equal mental
development and 'training', their influence was reduced
to a minimum. The outstanding feature in which the m

! See p. 199
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tests differ from the customary 'intelligence' tests, and
from that part of our own data in which no m was found,
is the spacial character of the material employed, together
with that particular kind of thinking about this material
which we have examined. Such thinking involves not
merely the apprehending of certain spacially arranged
items, as in a design, nor solely in the eduction of their
space relations whereby the design is known to have a
definite shape, or pattern: superimposed on this definite
arrangement of parts is movement—and as the items of
the mechanism move their pattern continually changes.
The new patterns are not given in the presentation, neither
are they formed in haphazard fashion as in a kaleidoscope,
but in a certain orderly way. The ground of each new
pattern lies in the immediately preceding pattern and
must be educed therefrom by means of the space relations
between certain of its parts.

The same kind of thinking is clearly present in those
other parts of our data in which the group factor occurs,
as, for example, in Part 11 of the Air Ministry's Mental
Efficiency Test. In each of the tests comprising this part
the subject is presented (in diverse ways) with a certain
set of spacia fundaments arranged in a given manner, and
is required either to educe the resulting arrangement when
they are moved in a certain stated way, or to determine
how they must be moved to produce a given arrangement.
The same may be said of much of the activity involved in
"Handwork ', ' Handicraft' and the ' Trade Test'. This
nearly aways involves the planning of the shapes into
which various parts of an object must be cut in order that
when fitted together in a given way they shall make the
required object. Similar mental activity is often involved
in technical drawing, as when one view of an object, such
as its elevation, plan, or section in a certain plane, must
be derived from another, as given for example in a sketch
or photograph. The specific correlation of the ' School
Subjects’ (Air Ministry Examination) with the m factor
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is similarly accounted for. These not only included
drawing of the kind just mentioned, but were heavily
weighted with problems about various parts of engines,
mechanical movements and other spacial material.

Quite different was the case with Part | of the Air
Ministry Test, for nowhere in this was it necessary to
cognize either spacia fundaments or space relations;
neither did these processes enter to any appreciable extent
in the ordinary school examination.® Here it isimportant
to distinguish between such mere apprehending of shape
and form as is required in drawing and modelling from the
concrete object in the 'art' lesson, and the eductive
work in the m tests. These latter require neither the
special 'eye' (or 'hand') for nice distinctions in shapes
and szes, nor the executive skill needed in the former, but
demand, on the contrary, a considerable degree of eductive
thinking. In these respects our tests differ from those of
so-called ' practical’ abllltylnwh|ch the object is actually
constructed, and from those,® again, in which a certain
inset is selected merely on account of its shape and fitted
into its appropriate hole. It is now also evident why our
"Knots' Tests showed little correlation with m, for in this
test the essentiadl work was to determine whether the
twists in acertain part of the string resembled the shape of
a knot—it was not necessary to educe the subseguent
position of the string, or even possible, for the string would
not move as a mechanism. Clearly the presence of m
depends not only on the spacial character of the material,
but aso on the kind of thinking to be carried out inrelation
to that material. Seeing that we avoided, asfar as possible,
questions which would require special knowledge or
training, m appears to be best identified with innate
aptitude for this kind of thinking.

! We have already referred to the difficulty teachers found in
trying to estimate their pupils' 'ingenuity ' from the work done
in the classroom.

2Known as ' formboard ' tests.



CHAPTER X

SIGNIFICANCE OF THE RESULTS

FOR PSYCHOLOGY

SIMHEORIES of Mind.  We have seen in Chapter |11
that the theories regarding the way in which the
mind is held to function are of three kinds, namely

the ' anarchical’, the ' oligarchical' and the ' monarchical'.

Our experiments were not especially planned to throw light

on this question, and consequently our data are not of the

kind it would be necessary to collect in order to put such
theories to a crucial test. Nevertheless it may not be
altogether unprofitable to ask which of these theories best
explains our results. On the anarchical view success at
the various activities measured by the tests, estimates
and examinations, is dependent on a number of psychical
elements or ' factors ' which function in entire independ-
ence cf one another. According to this theory the corre-
lations observed in our data between each pair of tests
would be attributed to the occurrence in them of identical
elements, i.e. to a number of common factors. We have
aready noticed the difficulty involved in explaining our
super-correlation by a number of independent group
factors, rather than by a single group factor. Moreover,
our table of ' specific' correlations afforded no indication
of a number of common factors, but was, on the contrary,
adequately explained by the presence in the mechanical
group of a single factor running through it. Our results,
then, do not lend support to this theory so far as the per-
12 163
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formances covered by them are concerned. |t would of
course be quite a different matter to resolve the group
factor itself into a number of more elementary constituents
(as, for example, the mental proceses involved in the
analysis), functioning as a single interdependent group of
elements—but as such it would still function as a whole,
being merely complex in nature. To thisview there would
seem to be no objection.

According to the oligarchical view we must attribute
success at the various performances to one or more
' faculties' or 'abilities ." Each faculty may involve a
number of interdependent activities, but functions apart
from the other faculties. Thus there has been postulated
a "mechanical’ intelligence acting independently of, and
sometimes even assumed to be opposed to the kind of
intelligence needed to succeed in school subjects and the
intelligence tests. Here, again, our results do not bear
out the theory, since they go to show that much in common
exists between these two alleged kinds of ' intelligence .’

The monarchical view, in its extreme form, would hold
that the successful carrying out of any cognitive operation
depends upon the correct functioning of two factors, viz.
a factor which that operation shows in common with all
other operations—the 'general factor '—and a factor
peculiar or 'specific' to that operation itself. Conse-
quently correlation between different mental performances
would be due solely to their common general factor, and
" specific ' correlation would occur only between simple
mental operations of a similar character. We have already
seen that our correlations need, for their complete explana-
tion, a factor running through both the ' mechanical’ and
the ' genera intelligence' part of our data, so that with
respect to the general factor the monarchical view finds
further support here. But we have aso evidence that
another factor extends its influence over a wide part of our
data, viz. the group factor m. The activity concerned
here is by no means simple in character, but involves many
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elementary processes, as the analysis of the M tests has
shown, to say nothing of the complex nature of the Passing
Out Examination. If the only other factor entering into
these various elementary processes were those specific to
the kind of process in which they occur their respective
influences would tend to cancel one another in the complex
performances measured by the tests and technical examin-
ations, and the latter would tend to correlate with each
other solely on account of the general factor common to
every process. In view of the group factor which we have
found, this is evidently not the case, and the extreme
form of the monarchical theory needs some modification
to meet this point. This sems best done by supposing
that ability, at least where ' mechanical' operations are
concerned, is dependent on three kinds of factors, viz. a
general factor (g) which entersinto all cognitive operations,
a group factor (m) which restricts its range to a special
group of mental operations, and a specific factor or factors
() peculiar to each particular kind of mental operation.
The ' specific' part may be regarded as the  unanalysed
residue which remains after g and m have been accounted
for and in which suitable devised experiments may yet
find further group factors of possibly less restricted range
than m.  Such a view has certain points of correspondence
with all three types of theory. In the specific factors we
have the independent elements of the ' anarchical' view;
but these do not complete the story, for in addition there
are the group factor, resembling in its wider though limited
range the ' powers' of the 'oligarchical' view, and the
general factor,—the all-powerful monarch of the ' monarch-
ical ' view.

The Measurement of Mechanical Aptitude. The fore-
going discussion bears closely on the problem of measuring
a person's ability for the kind of work which we have
examined in our tests and which we have found to enter
largely into the technical side of mechanical engineering.
It has been shown that we may appropriately speak of a
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"mechanical’ aptitude or a specia ' mechanical' ability
for this kind of work only in the snse that many of the
mental operations which the work calls for depend not
only on the general factor g, but aso on at least one other
factor, namely the special factor m. Some branches of
engineering no doubt require much more m than g, while
in others one might get on quite well with a modicum of m
provided he had sufficient g. But there is no opposition
between these factors—both are needed, but in varying
degrees.

Our results prove m to be of sufficient importance to
warrant a careful measurement of it in individuals. The
problem of its measurement is, however, complicated by
the necessary presence of g, and possibly aso of ' specific '
factors, in any test which may be devised to measure m.
This difficulty has been met by determining the corre-
lations of the test with g and m respectively, and then
employing these to effect the measurement of m itself.
Such determinations carried out with respect to the tests
employed in the present research give every indication
of the successful employment of these tests for this purpose.
Having obtained the necessary data, it is now possible to
measure an individual's m without introducing the gross
inaccuracies which result from the usual practice of taking
the actual test scores as the measure itself—and this
without much additional work.

Relation of 'm' to other ' Abilities ." The relation
between what has been called ' mechanical' ability and
certain other so-called abilities may now be brought out
more clearly. Of these we may mention in particular
" practical ability ' and ' motor ability ." A tendency to
employ these terms as if they meant much the same thing
is at times observable, and this view appears to be reflected
in the tests which investigators have employed for measur-
ing them. Thus we have Stenquist's test of ' mechanical
ability', in whichwe found alarge element of digital skill,
and Dr. MacFarlane's tests of ' practical ability ', inwhich
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" mechanical relationships' are said to enter, and which
aso involve some motor skill.* These tests are described
by Dr. MacFarlane herself as being both ' constructive and
manipulative ', and her view as to what they measure may
be given in her ownwords: ' | prefer " practical ability "
to " manual ability " because the latter stresses the import-
ance of the act of manipulation whereas our tests show
that mere motor dexterity is of comparatively small
importance for success in the whole performance. ... |
do not wish to suggest that there is a single general factor
common to all practical abilities. 1 think it much more
probable that there is a complex of many factors, that
these factors are not always the same, but they tend to be
positively correlated." Other tests, known as ' perform-
ance ' tests, are said by some to measure ' performance '
capacity, by others to measure a kind of intelligence not
measured by verbal 'intelligence' tests, while others yet
again regard them as tests of g.

There would seem to be at least four kinds of practical
ability. There is, for example, the work of the designer,
involving large m but no manual skill; that of the machine
operative, involving no m but a varying degree of skill
according to the machine operated; that of the automatic
machine worker and machine minder, which appear to
call for neither m nor motor skill; and finally, a host of
engineering occupations which involve both m and some
form of motor skill. As a first step towards a clearer
insight into these various kinds of practical work it would
seem desirable to analyse them with respect to m.

To take the case of what has been called ' motor ability ' :
this form of activity was specially avoided in our tests.
Seeing, however, that the perception of space is largely
developed by the aid of motor sensations, and that the
material of the tests was spacial, it might appear at first
sight that motor activity was an indirect determinant of

! See Dr. MacFarlane, ' A Study of Practical Ability ." Mono-
graph Supplement No. 8 to Brit. Jour, of Psych.
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auccess in dealing with this material. But the precise
estimation of shapes, sizes and distances, in which motor
experiences might conceivably play a part, was not required
in the tests. The essential processes on which success or
failure turned were not perceptual but of the eductive kind
in which motor experiences could hardly have assisted.

Another source of confusion between m and motor
activity may lie in the fact that frequently both m and
some form of motor skill enter inseparably into the same
work. This arises, for example, when the mechanical advan-
tage derived from atool depends upon the way it is held, as
in prizing open a box, or batting a ball. An even closer
connection between these two kinds of activity may some-
times be found in what might at first seem to be purely
motor activity. This occurs when the ' tool' is some part
of the body itself. The skeleton is, after all, a mechanism,
and in some activities, such as boxing, success would seem
to depend largely upon the ability to use it to the greatest
mechanical advantage. A similar intrusion of m into
motor activity was observable in some of Stenquist's tests
where the final act of assembling depended on a certain
knack of holding the parts when clipping them together.
All these cases are clearly distinguishable from those in
which the m and the motor skill are easily separable, as
when some mechanical object has first to be designed and
then made.

FOR EDUCATION

Confirmatory Evidence of "m ." Turning to education,
we may first notice a peculiarity about the educational
accomplishments and training of many of our great pioneers
in engineering. This consists in the fact that seldom did
these excel in school studies but were, more often than not,
men of no 'learning' in the ordinary sense of the word.
To quote Smiles .—' One of the most remarkable things
about Engineering in England is that its principal achieve-
ments have been accomplished not by natural philosophers,
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nor by mathematicians, but by men of humble station, for
the most part self-educated . . . nor did any of the great
mechanics, who have since invented tools, engines and
machines, at all belong to the educated clases. They
received no college education. Some of them could
scarcely write their own names. But where learning
failed, natural genius trlumphed And again: 'The
greater number of early engineers were the offspring of
necessity. Some great work was required to be done, and
forthwith a skilled worker (for there were no so-called
engineers in those days) was called upon to do it. The
work which he had undertaken to accomplish often
presented great difficulties and his efforts to overcome
them amounted to a successon of individual struggles,
sometimes rising almost to the heroic. In one cae we
find the born Engineer to be a London goldsmith like
Myddleton; in another a retired sea-captain, like Perry;
a wheelwright, like Brindley ; an attorney's clerk, like
Smeaton ; a mathematical instrument maker, like Watt;
amillwright, like Rennie; aworking mason, like Telford ;
a dlater, like Clement; or an engine brakesman, like
Stephenson.' > A similar fact is seen in the history of
Engineering in America. Referring to the American
industrial revolution of 1820-70, Prof. Mann says: "A
high degree of engineering ability was required to ac-
complish this industrial revolution. Among the -civil
engineers who took part were a number who had the
advantage of scientific training at Renssdaer or at West
Point.> But in the long list of mechanical engineers who
built the locomotives, the steam engines, the machine
tools and the farm machinery, it is difficult to find asmgle
one who had any special school training for the work.’

AH this suggests that success at engineering is largely

! Smiles, Lives of the Engmeers—EarIy Engineering, p. Xxvi.

2 Ibid,, p. xxii. ® Technical Colleges.

“ Chas. R. Mann, ' A Study of Engineering Education’, Carnegie
Foundation for the Advancement of Teaching, Bulletin No. 11.
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dependent on a specia aptitude which hardly enters into
the academic studies of the classroom, and which is innate
rather than acquired. It conforms with the low corre-
lation of the M tests with the subjects of the elementary
school, and provides further highly suggestive evidence
of tn.

Place of ' tn* in the School Curriculum. The facts just
noticed lead directly to the important question as to the
place of min the school curriculum. It seems clear that
the ground covered by the schools and colleges was not
very fertile where engineering in the early days was con-
cerned. Since then, of course, an attempt to provide a
more suitable type of education for the technical worker
has been made by the establishment of technical schools
and colleges. But children do not ordinarily enter such
schools before fourteen, and freguently at a much later
age. It is therefore important that a specia aptitude
such as m should find some exercise in the curriculum of
the elementary and the secondary school, so that it may
have every opportunity of developing, and some reliable
knowledge of the pupils' capabilities in this direction may
be obtainable. Even in a school where special encourage-
ment was given to practical work it was found impossible
to estimate the puplls ingenuity' on the work carried
out in the classroom," and the correlations have shown how
little mentersinto these subjects. To find mwe must turn
to such subjects as woodwork and handwork. Even here,
however, the correlations will convey a fase impression
unless it be remembered that our measures of ' ingenuity '
were not scores made at the work as such, but estimates
of the trait in question so far as its presence in the work was
observable by the teacher: the extent to which suchwork
will tax ' ingenuity' must depend largely on the teacher's
method. Much of this work is rightly directed to the

! Except (in the case of one class only) 'handwork ', to which
we shall refer immediately.
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development of manual skill, as indeed the term ' manual
training' implies. Unless therefore the pupils are thrown
upon their own initiative, and are encouraged to devise
and plan for themselves the objects they make, little oppor-
tunity for the exercise of 'ingenuity’ is likely to occur
here. There is, perhaps, another source whence some
exercise of m may be derived, namely the practical science
lesson, especially where the pupils are required to suggest
and fit up their own apparatus.

The manual training centre can usualy take only a
limited number of pupils from any one school, and hand-
work frequently plays but a minor part in the curriculum,
especially for the brighter pupils, who are encouraged
to work for academic scholarships to the secondary schools.
There are still many schools in which the laboratory
accommodation necessary for the type of science work
suggested is lacking. Withal, even when these subjects
are amply provided for, the m factor, as we have seen,
enters only incidentally. In view of thisit seems doubtful
whether, in an age of mechanical invention, the specia
aptitude for this kind of work receives in our elementary
and secondary schools the encouragement and scope it
deserves.

With the technical schoolsthe caseis, of course, different,
since their curricula are designed to meet specia vocational
needs. - We saw that m enters largely into the work of the
R.A.F. School, Cranwell. But thisschool was an advanced
institute in which the pupils were not only rigorously
selected, but were dso expected to reach a very high
standard of efficiency. Possibly less 'ingenuity ' is called
for in the work of junior technical schools, where, on the
practical side, it is mainly directed towards developing
skill in the use of tools by carrying out standard exercises.
But here, again, much will depend upon the teacher's
method of handling these subjects.

Influence of ' Selection' on Technical Education. We
have already referred to the ' creaming off' of the best



172 MECHANICAL APTITUDE

pupils from the elementary to the secondary schools.
This is usually effected by means of a scholarship taken
at the age of eleven. Unsuccessful candidates and ' late
developers' get another chance at thirteen. Trade
Scholarships, tenable at trade and junior technical schools,
are not ordinarily awarded before the age of thirteen.
The aim of both types of scholarship is to select from
among the candidates those of highest ' intelligence’. In
the caze of Trade Scholarships there is, in addition to the
"intelligence ' part of the examination (based on Arithmetic
and English), a second part consisting of an examination
in handicraft and drawing. Only those passing the first
part are allowed to sit for the second, but candidates who,
having failed in Part I, have previously shown themselves
to posess unusual manual dexterity receive specia
consideration.

Now if, as our results show, m functions independently
of g, we should expect to find it as equally distributed
among those who pass into the secondary schools in virtue
of their high g at eleven, or thirteen, as among those who
fail to do so. It follows that only a limited proportion of
those pupils who possess a marked degree of m will enter
for the Trade Scholarships, and some of these may be ruled
out through failing in Part I, while the secondary schools
will get first pick as regards g. It cannot, therefore, be
assumed that the technical schools draw the bed- talent
for their particular kind of work ; they are, on the contrary,
handicapped in this respect.

It may, perhaps, be argued that the junior technical
courses require less g than the secondary school course for
boys of the same age. This will depend on the standard
aimed at in each case, which in turn will depend on the
mental calibre of the pupils. But if, as ssems essentia to
the success of our great technical industries, the technical
school boy is to carry his general education (including his
knowledge of the more theoretical aspects of his technical

! We quote the practice of one of our largest education authorities.
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work) as far as the secondary pupil, there appears no
reason Why any differentiation with respect to g should
be made.!  Again, it may be thought that the occupations
into which the technical products will pass require less g
than that which awaits the secondary school boys. But
here we must compare the work of the former not with
the higher professional work which those who stay in the
secondary school beyond the age of sixteen to seventeen
years may ultimately take up, but with that required in
the junior posts which those leaving the secondary school
at sixteen to seventeen tend to enter. No doubt a different
mentality is required for the two kinds of work, but this
difference appears to be one of specia aptitude rather
than of g.

When we come to the higher branches of technical
training the influence of 'selection' seems to work in
much the same way as before. Thus, to take a typical
case, pupils attending the central schools?® of one of our
largest education authorities will not be recommended for
an award to a secondary school at the age of thirteen' unless
their ability is such that they are likely ultimately to
profit by an advanced course in the secondary school’, but
these conditions are not laid down for technical scholarships.
Pupils turned away from secondary schools on this account
may compete for Junior Technical Scholarships, and, later,
for Senior Technical Scholarships. And to take the case
of a yet higher type of scholarship, the Senior Scholarships
in Technology awarded to pupils over eighteen are only
given to candidates who have already been in industrial
employment, and have attended evening classes. Thesg,
then, are hardly likely to go to the ' cream' who, taken

! This might, of course, necessitate some reorganization of our
technical schools and colleges, and in particular a closer relation
between the work of the junior schools, the senior schools and the
universities.

2 Attended largely by pupils who have just failed to secure
scholarships at eleven.
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into the secondary schools by scholarships at eleven or
thirteen, are of sufficient ability to profit by an advanced
course of study there. The same tendency is observable
in the universities, for here the scholarships awarded in
academic subjects far exceed in number those given in
applied science and technology. This tendency to differ-
entiate between the two types of pupil according to
"intelligence ' appears, from our results, to err by assigning
too small a part to g in technical work, and almost wholly
neglecting tn.

It is not suggested that the best brains are only to be
found within the scholarship group, much less that none
of these find their way into engineering and other kinds of
technical work. Geniuswill tend to find its proper channel
despite the counter-influences which a well-meaning system
might direct upon it. Neither is it maintained that the
tendency to direct the best brains into academic rather
than technical pursuits is restricted to the method of
awarding scholarships and other educational inducements.
Custom and tradition will work in the same direction, and
are, indeed, largely responsible for the present form which
these inducements take. The technical side of education,
being of comparatively recent growth, must needs take
what it can get. But if the higher branches of engineering
are to attract a larger proportion of men well endowed

for this kind of work," some better means of discovering
the necessary talent, and of directing it into these walks
of life, must be found. An important step to this end
might be taken by so modifying our scholarship system

1 The need for this has been voiced, directly or indirectly, in
several quartersrecently : cf., for example, Sir R. Blair, '. . . yet
British industries are languishing and, to give a relevant example,
while the first marine engines were planned by Englishmen and
while Parsons' turbines are still the foremost of that type of prime
mover, continental firmshave takenthelead with the Diesel engine,
and Americans in the design and manufacture of machine tools.'

—Discussion on Conditions of Success of Technical Education, Brit.
Association, 1925.



SIGNIFICANCE OF THE RESULTS 175

that—(1) the most intelligent pupils are not definitely
selected at an early age for an ' academic ' type of educa
tion, but that, on the contrary, equal facilities and induce-
ments to enter technical schools and colleges are held out
whenever ' selection ' occurs, and (2) more rigorous efforts
to discover and measure specia aptitudes in the candidates
(including, for example, not merely ' manual dexterity '
but aso ' mechanical aptitude ') are made, and differentia-
tion between the two types of education is based largely
on these rather than ong. At the same time some changes
in the organization of our technical schools would be
necessary. These would consist largely in: (1) modifying
the curriculum of the junior technical schools so as to
include amore liberal education for those likely to proceed
under the new system to the senior technical schools and
universities; and (2) establishing closer co-ordination
between the work of the junior and senior technical
schools, and between these latter and the universities, so
that the best pupils of one grade may be more easily passed
on to the next higher grade. These changes would have
the further advantage of making passage from the secondary
to the technical schools easier at any particular stage.
The Use of'm* Testsin Conjunction with School Examina-
tions. We have seen that the subjects ordinarily taught
at the elementary and secondary schools, which might,
under certain circumstances, involve some degree of
mechanical ingenuity, aso depend on other influences, and
in particular, on manual skill. Where, therefore, it is
proposed to make some difference in the curriculum accord-
ing to the special abilities of the pupils, or to guide them
intheir choice of studies or vocation, it would seem desirable
to include as part of the school examination some such
exercise as the M tests, in which the pupils' ingenuity is
more clearly measured. This applies especially to examina-
tions for trade and technical scholarships where, seeing
that the child's future studies and vocation will turn
largely on the result, the discovery and measurement of
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specia aptitudes is particularly important. The M tests
provide a more reliable measure of this special ability than
was obtainable by teachers‘ estimates, were less subject to
the influence of ' age and posess the further advantage
of being objective! As such they lend themselves to
standardization.

A group of these tests should also prove a useful adjunct
to the examinations of the technical school, especialy
where it is required to differentiate the pupils with respect
to the particular trade, or branch of engineering, they are
to take up. Some notion of the extent to which ability
at the tests is significant of ability at such examinations
may be gained from their correlations with the' passing out'
examination of the R.A.F. School, Cranwell (Table X1X).
A candidate's ' passing out' grade is determined by the
sum of the marks scored on both parts of this examination,
namely the theoretical and practical examination in trade
knowledge (T), and the examination in the (mainly)
technical subjects (S of the school curriculum. Reference
to the details of the examination given in Chapter V will
show that the combined score provides a particularly
comprehensive and searching measure of the student's
ability to profit by this type of training.

We may first inquire how far an examination composed
entirely of the psychological tests taken by these candidates,
viz. E3, M, A,, |, Ay, islikely to serve as an index of success
at the technical school course as measured by the above-
mentioned combined score at the Passing Out Examina-
tion. The answer is given by the correlation of the sum
of these tests (in which equal weight was given to each)
with T + S, which proves to be no less than 76. Seldom
do school examinations correlate higher with themselves.?
Thisfigure dso compares well with the correlations ordin-

! , See p. 106.
% S for example, the numerous correlanons of this kind given
by B. D. Wood in Measurement in Higher Education, World Book
Co., 1923.
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arily obtained between 'intelligence' tests and school
examinations of the academic type. Thus, at Columbia
College, where this question has been thoroughly studied,
nowhere did the correlation between the 'intelligence'
tests and the carefully worked out measures of ' College
Success ' there employed exceed -672." We should not, of
course, expect perfect correlation between the psychological
tests and the school examinations, even if each of these
provided a perfect measure of its kind, for qualities of
character, interests, and other influences which hardly
enter into the tests will go far towards deciding the school
examination results. Indeed, it is in order to measure
innate ability in relative isolation from these other factors
that resort to the psychological tests becomes necessary.
The high correlation noticed above, together with the fact
that the group of tests occupied three hours while the
Passing Out Examination took thirty, augurs well for
their employment in this connection.

Again, we may inquire how far each of the two kinds of
tests, considered separately, agree with the Passing Out
Examination. This is given by the correlation of (T + S)
with the mechanical group (Es + M + A,) and with the
"intelligence ' group (I + A;), respectively. The figure in
the former case is -64 £ .03, and in the latter .42 £ .04.
The ' mechanical' group occupied one hour forty minutes,
the ' in" elligence ' group one hour twenty minutes. The
difference between the two coefficients is not due to the
slightly longer time devoted to the 'mechanical' tests,
snce (E; + M) aone, occupying only one hour, correlates
60 £: '03 with (T +S). It is obviously explained by the
presence of min both (T + S) and the ' mechanical' tests
and its absence from the 'intelligence' tests. These
figures again bring out the importance of considering m
when selecting candidates for technical courses.

The total score at the Passing Out Examination is but
a blurred impression of the various factors upon which the

! Asreported by B. D. Wood in Measurement in Higher Education.
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successful pursuit of the three years' previous training must
have depended. It is one of the aims of psychological tests
to isolate as far as possible the more important of these
and, by measuring them in relative independence, to present
them in a clearer view—especially so with respect to innate
abilities. In the present instance a step towards this was
made in the examination itself, by having separate scores
for the part which related more definitely to the practical
side of the course, T, and that which aimed at testing a
knowledge of the school subjects, S. Nevertheless, we
have seen that T involves both g and m, to say nothing
of other qualities upon which success at a lengthy technical
course must turn. On the other hand, the psychological
tests provide a means of measuring m in isolation from
other factors, and this to a high and known degree of
accuracy.

FOR INDUSTRY

Four Kinds of Problem.  The considerations to which we
now turn are, of course, intimately related to those of our
last section, for it is evident that any particular kind of
technical education must take into account the problems
of theindustry which it serves. The problem of discovering
the mental factors involved in ' school work" is obviously
akin to that of determining those involved in various forms
of work—the problem of vocational and occupational
analysis. Similarly the problem of selecting pupils for
special kinds of educationis much the same, psychologically,
as that of selecting applicants for special kinds of work,
although it is convenient to distinguish the two by the
terms ' educational selection' and ' vocational selection’,
respectively. The latter, on the contrary, presents a
different problem from that of ' vocational guidance', for
whereas in making a selection we have merely to estimate
the applicants fitness for a specific kind of work, in giving
" guidance’ we must consider the individual's chances of
success in many different walks of life. The character of
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the work with which the psychologist is concerned is aso
apt to differ in the two cases being usually well defined
" occupations' or 'jobs' where selection is required, but
the more complex ' vocations' where guidance is sought.
A somewhat different problem is again presented by what
may be called ' vocational placement ." This arises when
a large firm, having already selected its employees, wishes
to place them to the best advantage in its various depart-
ments. Such differentiation between its personnel will
frequently occur where it is found necessary to choose the
workers according to the general requirements of the work *
and then to give them a certain amount of training in the
special work of the department to which they are allocated.
In so far as some scope for choice is possible, such a problem
resembles that of vocational guidance, but in the restricted
and clearly defined nature of that choice, it is closely allied
to that of selection. While these four kinds of problem
differ from one another in certain important respects all
alike demand the recognition and measurement of the
differences in mental make-up to be found among indi-
viduals. One such difference, of an important and far-
reaching character where engineering is concerned, appears
to be the m disclosed in our results.

Occupational Analysis. The analysis of the activities
involved in various kinds of work is a necessary step
towards solving the other problems mentioned above.
On this work of analysis our results have an obvious and
direct bearing, for by measuring the m of persons actually
engaged in the work to be analysed, and determining the
correlation of this with known ability at the work, we
should be able to see how far success at the latter depends
on m. Since, for this purpose, a reliable measure of the
work is required, we can hardly hope to go, at present,
beyond the more restricted kinds of work more aptly
called ' occupations' and "jobs ." Yet in so far as these

1 And also, perhaps, according to the condition of the labour
market.

13
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occupations enter into the wider ' vocations ', such analysis
would constitute a step towards analysing the latter.
Further light on the mental requirements of the vocations
may be expected from a similar analysis carried out with
respect to the activities involved in the training for these,
as for example, in learning the various subjects required
for an engineering degree.

Occupational Selection. The m tests would seem to find
another direct use in the problem of selecting suitable
applicants for those engineering occupations which are
found to involve m.  Such occupations may be expected to
occur in every large engineering firm where mass produc-
tion renders afinedivision of labour possible and necessary.
The mental requirements may vary considerably from one
occupation to another within the same firm. Hitherto,
attention has been chiefly focused on the motor and sen-
sory aspects of this kind of work. While various forms
of sensory activity and motor skill must obviously enter
into the bulk of these occupations, a careful analysis may
be expected to show that many aso involve m. We have
already noticed that even where the occupations may seem
at first to be purely manual they may differ with respect
to 'ingenuity . Thus, the work of assembling or of tool-
making appears to require more m than that of gauging or
machine-operating, and that of assembling a fairly com-
plicated object like a typewriter more than that required
to assemble a bicycle pump. It is possible, too, that in
some kinds of work, such as assembling, the m factor plays
a larger part during training than subsequently. Where
thisis the case and, as often happens, the applicants have
had no previous experience of thework, it ssems particularly
desirable to include some test of m in the psychological
examination.

Distinguishable from the above-mentioned ' occupations '
are the engineering ' trades ', for these cover a wider range
of activities and demand more technical knowledge than
the former. Consequently they usually require a lengthy
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period of apprenticeship training. It was into work of
this character that our R.A.F. students passed. As skilled
"mechanics' they were expected to know the technical
processes of their craft. For this type of worker selection
will (or should) have already operated before and during
the training period. The selection of such workers must
depend largely upon their previous record and experience.
At the same time, where a choice of applicants is possible
and the trade demands m, the employment of psychological
tests of this factor should prove an additional aid in
selecting those most fitted for the work.

Occupational Placement. We have suggested the term
" occupational placement' to indicate the distribution (or
redistribution) of workers among the various departments
of a firm in such a way that, so far as is possible, each
member gets the work for which heis most fitted by nature
and training. Inthis, the efficiency of the staff as a whole
is the primary consideration. Consequently, not only the
ability of the workers, but aso the demands of the several
departments must be taken into account.' This renders
the problem more complicated than that of selection.
The work of a large engineering firm may, by including
many occupations and trades, afford scope for a wide range
of mental qualities in its employees. To place the latter
to the best advantage will usually necesstate a more
extensive psychological examination of each individual
than would be required in selecting applicants for any
single type of work. In view of our results, such an
examination would seem to be very incomplete unless it
took some account of m, and of the differences between the
various trades—and sometimes even branches of the same
trade®—with respect to their dependence on this factor.

Y With regard, for example, to the number of workers required
in each.

2 Compare, for example, the work of the wireless operator with
that of the wireless mechanic; that of the electrician with the

work of the electrical fitter; and the various other branches of
the fitter's trade with one another.
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Even in the placement of the professional engineer there
appears no reason why tests of mechanical aptitude
should not serve a useful purpose. A good example of
such a problem is that studied by Dr. B. V. Moore, to
which we referred in Chapter I | . The main question here
was to differentiate, in the case of a group of engineers
who had received the same general engineering training,
those most suited to become ' design engineers ' from those
best employed as ' sdles engineers'.  Such adivision would
sem to turn largely on the amount of m possessed by
these men.

Vocational Guidance. The factors upon which the choice
of vocation rests are generally more numerous and complex
than those presented for consideration in ' selection' or
" placement \ The scientific evaluation of these factors is
therefore usually more difficult in the case of vocational
guidance. At the same time its consequences for the
individual and the nation are more far-reaching. In most
cases, vocational guidance will require a wider survey of
the individual's natural endowments than is necessary in
"selection ' or ' placement’, for whereas in either of the
latter it is sufficient to measure the particular qualities
required for a known kind of work, the former demands a
view of the person's whole ' make-up '. As an important
constituent of this, and one of great vocational significance,
the m factor would seem, from our results, to call for
recognition and measurement in any general mental survey
of this kind.

With our present limited knowledge of vocational
requirements such measurements have probably their most
immediate application in providing a negative kind of
guidance as to the sort of employment a person is decidedly
unsuited for. The measurement of m should be directly
serviceable in this way by enabling a large number of
engineering occupations to be definitely ruled out for those
who are clearly lacking in this aptitude. Where, on the
contrary, a high degree of mechanical aptitude exists,
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positive guidance into some branch of engineering which
this would suggest must be given with caution since there
are other factors besdes m to be considered—and notably
among them, g. The question of technical knowledge and
training must also be taken into account. The importance
of coupling these with ' innate ingenuity' is clearly seen
in the many attempts to invent perpetual motion where a
little knowledge of the laws of mechanics would have saved
adeal of mis-spent ingenuity. Such attempts have usually
indicated a high level of mechanical aptitude. To these
must be added those cases where, through the absence of
a favourable environment, the latent aptitude in the child
has remained for ever unexpressed. Is it too much to
hope that vocational tests of m may in future discover at
least some of this talent in time to direct it into suitable
channels for training, so that it may bear fruit more
profitable to the nation and to the individual himself ?



CHAPTER Xl
GENERAL SUMMARY

EED for Research. Although frequent assump-
tions concerning a ' mechanical' ability and
its relation to other 'abilities' have been

made, scientific evidence on these points, based on valid
objective criteria, has been entirely lacking. The matter
was deemed of sufficient importance for psychological
theory and practice to warrant an investigation into the
whole question as to the existence, nature and measurement
of this so-called ' ability .'

2. Construction of New Tests. It was found necessary
to devise and 'try out' new tests. Those ultimately
retained fall into four broad groups, vizy: (a) mechanical
models, (b) mechanical completion, (c) mechanical expla-
nation, and (d) mechanical diagrams. Their reliability
proved to be generally high ; marked correlation was found
between the various sub-tests constituting each test. In
this, and other ways, they proved suitable as group tests.
(Tables I-X.)

3. The Data. The new tests were given : (1) to 88 Com-
merce Students, (2) to 114 Elementary School Boys, and
(3 to 228 R.A.F. Mechanics. Estimates of ‘ingenuity’
and position in class at school examinations were obtained
for the elementary school boys. The R.A.F. subjects aso
took Prof. Spearman's' intelligence ' test, the Air Ministry's
Mental Efficiency test, and the Air Ministry's Passing Out
Examination.

17!
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4. The General Factor—'g ." A certain amount of corre-
lation was observed between all the various parts of our
data. The results thus far support the theory of g.

5. Existence of m.  Our results further demonstrate the
existence of another factor—a group factor running
through those operations in which the subject is called
upon to deal mentally with mechanical movements. This
is best conceived (subject to further research) as a unitary
factor, rather than as a number of independent factors. Itis
a mental factor, operating always in conjunction with g,
rather than a concrete ' ability '—hence we have preferred
to call it m.

6. Measurement of M\ The method of measuring m has
been indicated. The correlation of our tests, and certain
other parts of our data, with m have been determined.
These provide an important check on the accuracy of our
measures. It has been shown that a fairly high degree of
accuracy should be attained by nine of the tests.

7. Nature of 'm\  Subjective analysis has shown that
the processes involved in m are essentially of the eductive
kind in which the correlates and relations are largely
spacial in character. This, together with an examination
of the test material, suggests that m is more akin to an
innate aptitude than to an acquired ability.

8. Bearing of Results.

(8 On Psychological Theory. The results have asigni-
ficant bearing on psychological theory. What has been
called ' mechanical ability ' or ' mechanical intelligence' is
not opposed to 'general intelligence’; both have g in
common. Only in the sense that it involves a ' special’ or
" group' factor (as opposed to the general factor) may we
appropriately speak of a special ' mechanical ability .
The concrete ability isresolvable, in the light of our results,
into: (1) the genera factor, g; (2) the group factor, m;
and (3) one or more factors ' specific' to the particular
"mechanical’ task in question. Similarly 'practical’
ability, and possibly aso 'motor' ability, and certainly
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" performance ' ability, call for closer analysis with respect
to m and g.

(b) On Educational Practice. The results also point to
important corollaries relating to educational practice, and, -
in particular, to the importance of (I) making definite
provision for the exercise of the mental processes underlying
m, and (2) measuring, and taking into account, the pupil's
m when differentiation in the school curriculum is con-
templated.

(c) On Mental Testing in Industry. The results, finaly,
indicate the importance of min industry, and suggest that
the tests should find a valuable practical application in the
work of (1) occupational analysis, (2) occupational selection,
(3 occupational placement, and (4) vocational guidance.



APPENDIX

I. TABLES
TABLE |
Series | (Commerce Students). Inter-correlation of * Models*
tests.
Subjects. No. taken. Inter-correlation.

Group |. 40 Ex-service men. 4 30 + .02 (av.)
Group ! I'. 10 boys, 16 girls, aver-

age 15 years 8 months . 4 87+ -0l (av.)
Group I'l'l. 12 boys, 10 girls,

average age 14 years 6 months 2 63 + -08
Group A. 22 boys of Groups Il

and IIT above . . 2 77 + .06
Group B. 26 girls of Groups I

and | I | above 2 70 +.07

TABLE Il

Series |1 (Elementary School Boys)
tion of the three ' Models'

Average inter-correla-
tests.

Subjects.

Averagelnter-correlation.

Group 1V.

years 5 months
Group V1.
years 5 months

36 elementary school
boys, average age 12 years n months
Group V. 37 ditto, average age 12

41 ditto, average age n

75 + 03
47 + .05
52 + .05
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TABLE 111
Series || (Elementary School Boys). Correlation between the
halves of the ' Models' tests.

Subjects. M- My M. Average.
GroupIV . . . {94t -06] 73+ 06|80 4 -05]+76-1 03
Group V. . . . |65 X -08]|-y7 Lo5]| 68 4 07| 70 &+ 04
Group¥VI . . . !+64 4+ 0765+ -07]|'77 05|69+ 04
All subjects {(x14) . | 68 + 04 | -72 4--03 | *v5 &+ 03 | 71 -+ 02

TABLE 1V
Series I (114 Elementary School Boys). Test Ms (' Models ').
Inter-correlation of sub-tests. (Dec. points omitted.)
a b o d e f g

a 27 41 46 50 40 44
b 27 45 31 28 38 35
€ 41 45 52 39 40 43
d 46 31 52 41 43 37
e 50 28 39 41 29 25
f 40 38 40 43 29 29
B 44 35 43 37 25 29

Av. 41 34 43 42 35 37 36

Average of 63 coefficients = .38.
All coefficients over .29 exceed 4% p.e.

TABLE V
Series || (114 Elementary School Boys). Test Mg (‘Models').
Inter-correlations of sub-tests. (Dec. points omitted.)

a b c d e f g h

a 38 27 28 34 30 247 28
b 38 40 30 31 44 44 48
¢ 27 40 50 55 46 so 28
d 28 30 59 42 41 44 34
e 3¢ 31 55 42 58 37 28
f 30 44 46 4t 58 48 52
g 27 44 30 44 37 48 45
h 2B 48 28 34 28 52 45

Av. 30 30 44 40 41 46 42 38

Average of 84 coefficients = .40,
All coefficients over .29 exceed 4% p.e.
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TABLE VI

Series |1 (114 Elementary School Boys). Test M; (' Models ).
Inter-correlation of sub-tests. (Dec. points omitted.)

a b c d e f g h

a 41 36 56 25 33 44 28
b4 49 54 22 32 44 24
c 36 49 46 25 46 45 32
d 56 54 46 15 43 46 23
e 25 22 25 15 19 05 39
f 133 32 46 43 19 47 35
g 44 44 45 46 05 47 35
h 28 24 32 23 3 35 35

z

33 38 4 40 20 36 38 30

Average of 84 coefficients = .35.
All coefficients over -29 exceed 4% p.e.

TABLE VII

Series || (114 Elementary School Boys). Test Es (" Mechani-
cal Explanation'). Inter-correlation of sub-tests. (Dec.
points omitted.)

a b c d e
a 32 42 27 44
b 32 49 50 33
c 42 49 50 37
d 27 50 50 26
e 44 33 37 26

Av. 36 41 45 38 3B

Average of 30 coefficients = .39.
All coefficients over .29 exceed 4% p.e.
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TABLE VIII

Series |1 (114 Elementary School Boys). Test C (' Mechani-
cal Completion'). Inter-correlation of sub-tests. (Dec.
points omitted.)

a b c d e f
a 40 44 52 3l 39
b 40 36 63 28 52
C 44 30 52 49 49
d 52 63 52 40 51
e 3 28 49 40 66
f 39 52 49 5l 66

Av. 44 46 52 43 5

Average of 45 coefficients = .46.
All coefficients over .29 exceed 4% p.e.

TABLE IX
Series | (Commerce Students). Test D (' Mechanical Dia-
grams'). Group |, Inter-correlation of the sub-tests.
(Dec. points omitted.)
a b c d e f
a 74 . 12 45 80 60
b 74 65 34 60 47
c 72 65 4 80 5l
d 45 34 41 65 75
e 80 60 80 65 56
f 60 47 51 75 56

Av. 66 56 62 5 68 58

Average = .66. All coefficients over '49 exceed 44 p.e.
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TABLE X
Reliability of tests compared. Correlation between ' halves .

Series | .
(Commerce " Explana-| ' Comple-| ' Dia-
Students). "Models." | tion.' tion.' grams.'
Group! + . |80 + .02('655 + .06 — /1 + .05
Group Il . « . [87 £ .0l | 2+ .07 — *76 £ .06
Groupl Il . . . [+63 +.08] 63 £ .l0 — —
Average - . . |77 £ .02] 56+ .04 — 74 + .04
Series| |
(Elementary
School Boys).
GroupIlV . . .1.76+.03]48 + .l0]c4+.08]45+ .10
GroupV . . . [70 £ 04|50 + 08{ 81 £ .05 54 + .09
GroupVI . . |69+ .04| 54 +-09{°59 +.08|44 = .l0
Average . . . |71 = 02|54 + 05 68 + .04 | «48 + .06

TABLE XI

Inter-correlation between the tests. Group | (Commerce
Students). (Dec. points omitted.)

My My Mg My E; E;b EC D K

?Ah 9 89 8 57 75 79 g9 |2l
Models M, |89 69 83 51 58 62 g7|26
M, 8 67 g3 |\| 52 62 61 59|33
' i [Ey |57 64 5 52 78 45 7016
Explanation {E, 7 77 58 62 T8 61 64023
" Explanation ' and
* Completion’ EC |79 66 62 61 45 61 54 | 28
' Diagrams D |8 5 g7 59 70 64 54 50
" Knots' K |21 37 26 33 16 23 28 50
Average
excluding K 80 70 71 67 69 68 61 68

All coefficients over .41 exceed 4% p.e.
Average of square 'M ' = .69.
. ,» K V.rest e 29
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TABLE X1
Inter-correlation between the tests.

Group I

(Commerce

Students, 10 boys and 16 girls, average age 15 years
8 months).

(Dec. points omitted.)

M M M ME E ECD KG
M, 79 96 84 69 73 8l 72| 06 27
M |79 84 88 82 75 83 65 |—10 23
My (96 84 90 78 74 82 g7 |09 26
M, [84 88 90 79 69 77 T | 12426
E: {69 82 78 79 M 70 78 54 09%13
E; 173 75 74 69 70 73 45| 06 26
ECi81 g3 82 77 78 73 60 |09 08
D 172 65 67 71 54 45 60 08 19
K |06 10 -09 -12-09 06 -09 08 37
G j27 93 -26 26”13 26 08 19| 37
Av. MD 79 79 82 80 73 68 76 62 |—0121
All coefficients over .43 exceed 4% p.e.
Average of M = .76.
Average of A ="lo.
TABLE XIII
Inter-correlation between the tests. Group |11 (Commerce
Students, 12 boys and 10 girls, average age 14 years
6 months). (Dec. points omitted.)
M M E, EC K
My 63 69 78 48
M 63 55 57 34
E, 69 55 M 86 51 Average of M = .68.
EC| 78 57 43 | Average of K v. rest = .44.
K 48 34 51 43

All coefficients over

.5 exceed 4% p.e.
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TABLE XIV
Inter-correlation between the tests. Group A, 22 boys of
Groups Il and 111 'pooled\ (Dec. points omitted.)
Ml M3 Ez EC K
M., R B VR 37
M, 7 59 66 38
E, 75 M 7 17 | Average of M ' =73
EC 84 66 77 28 || Average of K v. rest = .30.
¥ ® g B |
TABLE XV
Inter-correlation between the tests. Group B, 26 girls of
Groups Il and 11 'pooled\ (Dec. points omitted.)
M2 M3 Ez EC K
M, 70 60 15 |[-06
My 1 70 51 64 28
E, 60 51 |\/| 54 23 Average of M = .62.
EC| 75 64 54 07 Average of K v. rest = .lo.

K l-06 28 g5 -01 |

TABLE XVI
Inter-correlation of M tests and School Examinations.—114
Elementary School Boys. (Dec. points omitted.)

M_M w E3 C D x x, x5 A

M 53 63 3 49 44| 15 19 16| 02

[ M |53 58 21 5 37| 12 08 12{-02

M M6 58 N 36 5 55[ 20 18 25|02

Tests. ]Es|{a 27 36 50 45 | 25 17 33|07

lc 49 5 56 50 43 19 13 22 |-07

D |44 37 55 45 43 17 27 14l-03

School _(*i]15 12 20 25 19 17 40 60 | —16

Examn- X,[{19 08 18 7 13 27 40 E 4 07

ations.  (Xs{16 12 95 33 22 14 | 60 42 —12
Age 102--02--02+-07- -07. -03 [-16 07- -12

All coefficients over .26 exceed 4%z p.e.
Average of M group '47.

[E3 ” ”

" . M v. E

9.
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TABLE XVII

Inter-correlations of M tests, estimates of ' ingenuity ' based
(i) on woodwork and (2) on technical drawing, and
school examinations. Influence of 'age' eliminated
from 'woodwork ' and ' drawing ." (r ' age' v. wood-
work = .14, r "age' v. drawing = .18) 59 Elementary

School Boys. (Dec. points omitted.)

M. Mg M, E,CDW Br X; X, X,
M, 57 73 26 46 2g |27 28] o6 or oI
M| 57 66 31 55 48 |47 SI(rIr oz 17
M M, 73 66 INb 46 36 78|40 A 36 1T —obgy1y
Tests Eyl26 31 46 62 54141 12 =—03 32
C 146 55 56 62 51|39 48 24 oy 26
D |20 48 78 54 SE £5 49| 12 2 It
Woodwork W |27 47 4o 41 39 45 84 oﬁB 12 17
Drawing Dr |28 5t 36 54 48 49|84 -—18 29
School Xii06 11 12 24 12|06 22 56
Examina- {X. 01 02 -—-060—03 o7 12| 2B —18{48E 26
tions Xolor 17 17 32 26 1I{1} 29| 56 26
All coefficients over .35 exceed 4% p.e.
Averages .
M group =* .52. E group = .43.
M ,, v. E group = Il rectangle C.

M , v. woodwork and drawing= .42 A.
E ” V' ” ” ” '” ” B-
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TABLE XVIII

Inter-correlations of M tests, Teachers estimates of 'in-
genuity ' based on (1) home handicraft (H) and (2) school
handicraft (S), and school examinations (X). Influence
of 'age' eliminated from H and S. 36 Elementary
School Boys (Group |V, average age 12 years 11 months).
(Dec. points omitted.)

MsMgM; E, C D H S X, Xy X;3 Age

M, 7383 47 Gy 38| 25 33| 26 11 25 1 =06

M. |73 70 zy 62 44 18 o8| o7 o6 20 [ ~—06

M M, | 83 70 43 68 60 35A30 16 08 25| ~07
Tests E: |47 2743 M a6 43| 475M48 | 40 29 28! og
C |6g 62 68 46 55 48 26 28 oo 29| —o3%

D |38 44 G0 43 55 49 19| 3T 43 i1{—os
H {2518 35 A 47 48 49 27 | o1 4@ —09[ 40
S 13308 30" 48 26 19| 27 20 1y =01 50

~Qr 20 06 F9|—135
Xi] 11 06 08 29 00 43 :4B:g ob E 26 25
Xy|25 20 25 28 29 11 {—0Q0—oOI 79 26 —o7

Examina-
tions

School {X: 26 o7 16 40 28 3r

All coefficients over .43 exceed 4% p.e.

Averages. Square M = .55 (M tests).
Rectangle E = .37 (School Examinations).
" A =.32 (M tests v. H and S).
. B = .07 (Exams, v. H and S).



196 MECHANICAL APTITUDE

TABLE XIX

Inter-correlations of M tests, Air Ministry's Tests, ' Intelli-
gence' Tests and Passing Out Examination (R.A.F.
School), Parts | and I'1. (Dec. points omitted.) 228
Trained Mechanics.

Es M A, T | Ay S

M {Ea 48 47 38([38 19}s2

Tests M | 48 44 40 | 17py29 | 51

Pt I, Air Ministry Test A, 47 44 A 43 | 37 35| 50

Trade Knowledge T } 38 40 43 28 15| 57

* Intelligence {I 38 17 B37 28 41 | 54

Tests Ay | 19 29%35 15| 41 30
Technical Subjects S 52 5t 30 57|54 30

All coefficients over -20 exceed 4% p.e.

Average of A = .43.
' ., B=.27.
TABLE XX

Coefficients of ' intellective saturation i.e. correlations with
g. Data from 114 Elementary School Boys.

M Tests. Examinations.
Pug = 24 Yog = 36 ¥y, =70
Y == 'I5 Yog = 20 Fxop = ‘59
!’mw == +30Q g — *22 "'X.g = 77
AvVerage ¥yt o g = "20
" "Emmimlliom ¥, g= '69
TABLE XXI

Coefficients of 'intellective saturation’', i.e. correlation with
g. Data from 228 R.A.F. Mechanics.

" Mechanical' Group. " Intelligence.'
rky = 41 'A” = 57 ¥, = 73
ry, = 36 ¥, =32 ¥y, == 0T

{ray = +63)

Avera.ge y.r!!eemd‘ml " = ‘41

» ¥ Intatligence v. g = 67
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TABLE XXII

' Specific' Correlation, i.e. correlation remaining after influ-
ence of giseliminated from Table XV |I. 114 Elementary
School Boys. (Dec. points omitted.)

M, M M, E, ¢ D X, X, X,

M, 51 60 25 46 41 [—o3 06 —o4

My| 51 57 23 49 35| o2 o0 00

M M,] 6o 357 28 52 52 —062 00 03

Tests |E,| =23 =23 28 45 411 00 —o0b6 o0g

C| 46 49 52 45 40 | or —o03 03

D | 41 35 52 41 4o 0z 17 --03

School (X;{-03 o2z —02 00 oI o2 —0z I3

Examin- {X, 06 oo o0 —o6 —03° 17|—02 —07
ations ‘X ;[—ec4 o0 03 o9 o3 ~o05| 13 =07

All coefficients over .26 exceed 4% p.e.

TABLE XXIII

' Specific ' Correlation—the ' Models ' tests (M) of Table X X 11
averaged. (Dec. points omitted.)

M(aV.) E; C D X1 Xz X,

(M (av.) | [s6) 25 49 43]—o01 o0z oo

M E, 25 45 41| o0 —ob o9

Tests {C 49 45 40| o1 —o03 03

D 43 41 40 02 I7 —03

School i —~0I 00 O 02 —-02 I3

Examinations { X, 0z —~o06 =03 I7]|=02 ~07
X, o0 09 03 —o5| I3 —o7
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TABLE XXIV

' Specific ' Correlation, i.e. influence of g elimited from Table
X1X. 228 R.A.F. Mechanics. (Dec. points omitted.)

E; M A, T I A S

E, 39 31 29| 13 —o8] a4

" Mechanical' A, g? 31 A3! g: :;;Bf,: 22

T 29 32 32 07  o6{ 4o

maigenee {§ |3 ~1eBes op| os) 2
Subjects 8 34 39 22 40| 12 =IO

All coefficients over .20 exceed 4% p.e.

TABLE XXV
Correlation with m. The M tests taken by 114 Elementary

School Boys.
Tuem = '68 Yo = '40
Yo = ' 65 Yo = 72
Yym == 79 Tom = 63

Average = +66.

TABLE XXVI

Correlations with w. Data from 228 R.A.F. Mechanics.

vz = "58 Trade Knowledge ry, == -58
(Passing Out Exam.)

Yo = 64 Subjects Pim == *59
(Passing Out Exam.)

Pt. 1. Air Ministry’s Testr,,,, = 40

Average == 58,

M Tests
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1. FURTHER ILLUSTRATIONS OF PROCESSES
INVOLVED IN THE m TESTS

A. CASES FROM 'MODELS "' TESTS

(1) Cases where the method is badly applied.

The importance of the eductive processes in what we have
called ' applying the method ' is further brought out by those
casss where the © method ', although in general correct, is

FIG. 13.

badly applied. The following cases illustrate this :—Buttons
A and B (Fig. 13) are worked up and down their slots by a
to-and-fro movement of H. The pulleys and strings con-
stitute the subject's ' method ." It is evident that while the
underlying idea is sound the detailed application is faulty
largely through failure to educe the correct space relations
between the various strings and handle.

A and B (Fig. 14) are buttons which move along parallel
slots. Where one button is pushed along the other moves
in an opposite direction. Here, again, the method, that of
pulleys and strings, is satisfactory, but owing to weakness in
cognizing the necessary space relations between the move-
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FIG. 14.

merits of the strings and those of the buttons (and hence the
shape of the strings) it is faultily applied.

(2) Cases where the ' linked ' items are not initially in contact,

We consider here the processes involved in ' testing the
method' in the case where the items are so linked that they
are not in contact when in their initial positions. Fig. 15
illustrates a case in point, where R is the ' operating ' rod,
S the ' operated ' rod. It is required to cognize how S will
move when R is pushed in the direction of the arrow, the two

[ [] - 5

S

Fis. 15.

rods working in the same plane. This case differs from that
already considered only with respect to step (2), for here the
space relation between the two items at the time of theinitial
thrust of one upon the other is not given in the presentation.
It can, however, be readily educed when the position of the
operating item R at this moment is known. This position
isitself educed, as a correlate, being known to be that position
which R occupies at the moment it comes into contact with
the ' operated’' item S. Having cognized this position, the
rest of the task can proceed as before.

(3) Case of ' Compound ' Linkage.

The case of ' compound ' linkage differs from that of simple
linkage only in being more complex. Fig. 16 will illustrate.
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Here the simple link A is linked to, and operates, the complex
link B-C. It is required to determine how A, B and C will
move when the end r of A ismoved in an anti-clockwise direc-
tion. As before, steps (1) and (2) are carried out with respect

to the ' operating ' item, what must ensue in C is determined
by pivot g, and known by reproduction. The kind of move-
ment in B, determined by Y, is similarly known. Whence it
is seen that when r moves, p maintains a constant distance
from g and Y. From this known constant relation (' dis-
tance') of p to r and g, the correlative positions through
which p must pass, as r moves (g being fixed) are educible ;
and from this known space relation of Y to p, the correlative
position of Y, as p moves, may be found. Hence the correla-
tive positions through which A, B and C must pass as Y moves
are known. The whole movement will be cognized as ' pos-
sible' so long as the resulting position into which Y moves is
such that a correlative position of p at the necessary distance
from Y, q and x may be found.
m

B. ANALYSIS OF ' MECHANICAL EXPLANATION " TESTS

The solving of the ' mechanical explanation ' test falls into
two stages, viz. (I) making clear the nature of the various
parts of the depicted mechanism and (2) determining how
certain parts move when other parts are ' operated ' in a given
way.

First Sage. To make clear the meaning of the diagram
the subject must (a) read-the description, (b) refer the names
of the items mentioned to the correct letters in the diagram,
and (c) regard the parts of the diagram so lettered as the
concrete object whose name it bears.
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The descriptions were given in simple non-technical lan-
guage and the objects employed, such as 'string', 'rods
"wheels', etc.,, were of a kind known to all subjects. They
were read over with the younger children, while older subjects
were invited to ask for explanation of any doubtful word or
phrase. The various parts of the mechanisms employed
were shown in outline in the diagram, and no technicalities
were involved here. In carrying out (c) above it was not
necessary to visualize, or even to conceive the objects in all
their concrete detail, for the spacial characters and relations
about which the subject was called upon to think were given
in the lines of the diagram—these lines themselves provided
the material for thought. It was necessary, however, to
associate with the lines such simple properties of the objects
they represented as entered into the problems—to remember
that thisline (a'rod ") wasrigid, that line (a'string ") could
be twisted about, that circle (a ' wheel') could turn etc.
We found that quite young children could do this.

With one reservation, the work of this stage does not appear
to involve those processes which seem specially associated
with the m factor, but depends rather on genera mental
development and ' intelligence'—influences reduced to a
minimum by the homogeneity of our groups and the precau-
tions as regard ' training ' aready mentioned. Judging from
questions put to the children, and from the introspections,
it caused no difficulty and occupied but a brief interval of
time, the real work of the test being that of the last stage.
The reservation occurs in the case where the mechanism is
sufficiently complex to render the description itself difficult
to follow. Here the diagram and the description help each
other out, and in so far as this occurs, the aid derived imme-
diately from the diagram will depend, in large measure, on
those processes which seem directly connected with the m
factor.?

Second Stage, Here the subject is called upon to do pre-
cisely the same kind of work as in ' testing the method ' in

! Much younger children than any of our subjects were able to name
various parts from merely seemg such diagrams. A girl of 31/zyears was
able to point out 'string ', ' wheel', and what she called ' scaes’, etc.

2 Such a cae is provided in the * mechanical diagrams ' test, and is
considered more fully in that connection (page 204).
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the models test.' In both cases the resulting effect on a
series of linked items when one of their number is operated
in a given way must be cognized. The analysis of this opera-
tion has already been given with respect to the ' models'
test. The two cases differ, of course, with respect to the
degree of knowledge of the various parts of the mechanism
with which the subject approaches his task, and his ultimate
object in ' testing ' them, for in one case he is inquiring into
the working of a mechanism of his own devisingwith aview
-to seeing whether it works as required, in the other into one
that someone ese has devised, with aview to seeing how it
works.

C. ANALYSIS OF ' MECHANICAL COMPLETION ' TESTS

What has been said with regard to the first stage of the
" explanation ' tests applies to this test also, the problem
being presented here, as in the former test, by means of a
diagram and description involving simple notions with which
all subjectswould befamiliar. In sofar as any special ability
enters into this initial task of making clear the problem, it
would seem to reside in a readiness to keep in mind those
same spacial characters and relations of the various parts
depicted in the diagram which we have already had occasion
to examine, and by means of which meaning and reality is
given to the otherwise empty lines. Such special cognitive
ability, however, hardly appears to enter to any appreciable
extent in the relatively simple diagrams we employed.

The important work lies in solving the problem. Here the
subject is faced with the same kind of question as in the
"' models ' test,—how to devise a mechanism to fulfil some
definite purpose. Consequently the work follows a similar
course and involves the same cognitive processes as we have
already examined. The two tests, however, differ with
respect to the general setting of the problem, for the ' models ',
although made of concrete material, deal with relatively
abstract movements, while the ' completion' tests are con-
cerned with concrete problems, such as the moving of trolleys,
the turning of wheels, the putting on of brakes, etc. Hence
considerations regarding the practical suitability of the links

1 See page 152.
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employed are more likely to arise in the latter test and to
determine the choice of method. But these are of the simple
" everyday ' kind needing no technical knowledge.

D. ANALYSIS OF ' MECHANICAL DIAGRAMS ' TESTS

First Procedure. The mental work falls into two parts,
viz. (i) making clear the nature of the various |tems con-
stituting the mechanism depicted in the diagram,® and (2)
determining the particular function of these items. But these
hardly form distinct stages on account of their close inter/
dependence. This arises from the fact that the knowledge
involved in (I) must be gleaned entirely from the diagram,
there being, in this test, no accompanying description, and
such knowledge is derived not only from the shapes of the
items themselves, but also from those relations between them
which determine their function, as cognized in (2) : what
any particular part is intended to do is a clue to what it is
intended to be, and vice versa. An interesting case of this
was provided by the infant girl of 3% years already referred
to.? Asked what one of the parts in a diagram was, she
replied, 'a wireless ,' obviously from its resemblance to a
basket coil which she had seen her brothers making some
time previously. Had she been able to see its functional
relation to the other parts of the diagram, and particularly
its relation to the string wh|ch passed round it, she would
have known it to be a wheel.>* The same fact came to light
in the introspections and in the observations of other children
to whom the diagrams were shown. It is evident fiom the
former that when first presented with the diagrams it was
a natural impulse to consider how the mechanism as a whole
functioned, while the children—especially the weaker ones at
this kind of test—were apt (wrongly) to decide, from its
general appearance, what it was ' for ', before they had really
seen how it worked.

! Not thelr technical names or properties, but merely whether a ' wheel’
plpe "rod ', etc.
2'In the footnote on page 202.
% That the failure was not due to inability to cognize ' wheel' as such
was shown by her success at pointing out wheels represented by precisely
similar outlines when asked to do so.
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Briefly, the cognitivework involvedin (1) consistsin cogniz-
ing the shapes of the various items, and the space relations
between them, together with reproductive knowledge of how
simple objects like rods and wheels respond to force. After
having decided on the nature of the parts, the work of (2)
follows the same course as that of ' testing the method ' in
the ' models' test, and stage 2 of the ' explanation ' test:
the correlative movements set up in the other links when the
operating item moves must be educed. But as the other
items are not described in the presentation, there tends to
remain some element of doubt as to whether they have been
rightly cognized, until both the item and the movement it
is thought to carry out fit together satisfactorily—a feature
which leads to the cross-reference between (1) and (2) to which
we have referred, and which is absent in the other tests.

Second Procedure.  In this procedure, found necessary with
the younger elementary school groups, the names of the
various items forming the mechanism were enumerated by
the experimenter. This had the effect of simplifying the task,
the knowledge sought in (1) above being largely given in
these names. The test, as then presented, tended to be more
like the ' explanation' test, though not entirely so, since this
verbal enumeration of parts did not provide so full a descrip-
tion as was given in the latter test, and left a certain amount
of the work of (1) to be done by the subject.! The effect of
this change in procedure was to give the children—who found
the first procedure too difficult—something more definite to
go on, thus leaving less room for guess-work and so securing
greater=reliability.

1. METHOD OF DETERMINING THE CORRELA-
TION OF A TEST WITH m {ram)

The method is the same as that employed by Spearman
for determining the correlation with g. Let rap,, v e be
the specific inter-correlations between three m tests, i.e. the
correlation which they have with each other on account of

' The dlaglams too, differed in type, beanng in the diagrams tedt, a
dosar resemblance to real mechani gpparatus.
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s, the influence of g having been eliminated by Yule's method
of partial correlation. Then by Yule's theorem,
Yoam == {‘?’d - fan'rm)X(I - fam)i(l ha rbm)i'
By assumption, ¢, = o0, hence Yip == Yo ¥im
Similarly, taking r,,,,, and ¥,,,,, Yoo = ¥omPom
Fip == Yo+ ¥on

By multiplying the first equation by the second, dividing by
the third, and taking the square root of each side—

Yom == (Ya: ¥/ 13t @nd similarly for v, and #,,.
Other determinations of ry, may be obtained by taking as
b and c every other available pair. To get the most probable
value of ry, these determinations are averaged, either arith-
metically, or by the following more reliable method :—

_*’d.f“_fd.?’“’_ﬁ ___?’u.l’“,‘,

Vo = = S £ A
2a Ysa Yoy

—_— Fob - ¥oe + Yar-¥ai + £ 4 s + Var oy

T+ Mot -« -+ 7y
Determinations for rpy rem €tc., are made in a similar fashion.
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ONLY. Illustrated. 6s.  net. THE
WHEREFORE AND THE WHY. <+ TINKER,

TAILOR . . ." Eachillustrated. 3s. 6d.
net. THE SECRET BATTLE. 3s 6d net.

Hind (A. M.)

A CATALOGUE OF REMBRANDT'S ETCH-
INGS. Two Vols. Profusely Illus-
trated. Wide Royal 8vo. £1 15s. net.

Holdsworth (W. S)
A HISTORY OF ENGLISH LAW. Nine
Volumes. Demy 8vo. £1 5s. net each.
Hudson (W. H.)
A SHEPHERD'SLIFE. Illustrated. Demy
8vo. 10s. 6d. net.  Also, unillustrated.
Fcap. 8vo. 3s. 6d. net.

Hutton (Edward)
CITIES OF SICILY. Illustrated. 10s. 6d.
nt. MILAN AND LOMBARDY. THE
CITIES OF ROMAGNA AND THE
MARCHES.  SIENA AND SOUTHERN TUS-

CANY. VENICE AND VENETIA. THE
CITIES OF  SPAIN. NAPLES AND
SOUTHERN ITALY. Illustrated. Each,
8s. 6d. net. A WAYFARER IN UNKNOWN
TUSCANY. THE CITIES OF UMBRIA.
COUNTRY WALKS ABOUT FLORENCE.
ROME. FLORENCE AND NORTHERN TUS-

CANY. Each illustrated. 7*. 6d. net.

Inge (W. R.), D.D., Dean of St. Paul's
CHRISTIAN MYSTICISM. (The Bampton
Lectures of 1899.) Sxth  Edition.
Crown 8vo. 7s. 6d. net.

Kipling (Rudyard)
BARRACK-ROOM BALLADS. 246th Thou-
sand.
THE SEVEN SEAS, 18oth Thousand.
THE FIVE NATIONS. 143rd Thousand.
DEPARTMENTAL DITTIES, llith  Thou-
sand.
T HB YEARS BETWEEN. 95 th Thousand.
Four Editions of these famousvolumes
of poems are now published, viz. :—
Crown 8vo. Buckram, 7s. 6d. net. Fcap.
8vo. Cloth, 6s. net. Leather, 7*. 6d. net.
Service Edition. Two volumes each
book. Square Fcap. 8vo. 3s. net each
volume.
A KIPLING ANTHOLOGY—Verse. Fcap.
Svo. . Cloth, 6s. net and 3s. 6d. net.
Leather, 75. 6d. net. TWENTY POEMS

FROM  RUDYARD KIPLING. 448th
Thousand. Fcap. 8vo. Is. net. A
CHOICE OF SONGS. Second  Edition.
Fcap. 8vo. zs. net.
Lamb (Charles and Mary)
THE COMPLETE WORKS. Edited by

E. V. LUCAS. A New and Revised
Edition in Six Volumes. With Frontis-
pieces. Fcap. 8vo. 6s. net each.
The volumes are: | . MISCELLANEOUS
PROSE.  Il. ELIA AND THE LAST ESSAYS
OF ELIA. Ill. BOOKS FOR CHILDREN.
IV. PLAYS AND POEMS. V. and VI.
LETTERS.

SELECTED LETTERS.
by G. T. CLAPTON.
net.

THE CHARLES LAMB DI/Y
Compiled by E. V. LUCAS.
6s. net.

Lankester (Sir Ray)
SCIENCE FROM AN EASY CHAIR. SCIENCE
FROM AN EASY CHAIR: Second Series.
DIVERSIONS OF A NATURALIST. GREAT
AND SMALL THINGS. Illustrated.
Crown 8vo. 7s. 6d. net. SECRETS OF
EARTH AND SEA. lllustrated. Crown
8vo. 8s. 6d. net.

Lodge (Sir Oliver)
M AN AND THE UNIVERSE (Twentieth Edi-

Chosen and Edited
Fcap. 8vo. 3s. 6d.

BOOK.
Fcap. Swo.

tion). THE SURVIVAL OF MAN (Seventh
Edition). MODERN PROBLEMS.  Each
7s. 6d. net, RAYMOND (Thirteenth
Edition). 10s. 6d, net. RAYMOND
REVISED.  6* net. THE SUBSTANCE OF
FAITH (Fourteenth Edition). 2s. net.
RELATIVITY (Fourth Edition), is. net.
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Lucas(E.V.)
THE LIFE OF CHARLES LAMB. 2 Vols.
£1 Is. ne. EDWIN AUSTIN ABBEY,
R.A. 2 Vols. £6 6s. net. THE
COLVINS AND THEIR FRIENDS.  12s. 6d.
net. VERMEER OF DELFT. 10s. 6d. net,
A WANDERER IN ROME. A WANDERER

IN HOLLAND. A WANDERER IN LON-
DON. LONDON REVISITED (Revised).
A WANDERER IN PARIS. A WANDERER
IN FLORENCE. A WANDERER IN VENICE.
Each 10s. 6d. net. A WANDERER AMONG
PICTURES. 8 6d. net. E. V. LUCASS
LONDON. £1 net. INTRODUCING LON-
DON. INTRODUCING PARIS. Each 2s. 6d.
net. THE OPEN ROAD. 6S. net. Also,
illustrated by CLAUDE A. SHEPPERSON,
A.RW.S. 10s 6d. net. Also, India
Paper. Leather, 7s. 6d. net. THE
JOY OF LIFE. 6S. net. Leather Edi-
tion, 7s. 6d. net. Also India Paper.
Leather. 7s 6d. net. FIRESIDE AND
SUNSHINE. CHARACTER AND COMEDY.
Each 6s. net. THE GENTLEST ART. 6S. 6d.
net. And THE. SECOND POST. 6S. net. Also,
together in onevolume. 7s.6d. net. HER
INFINITE VARIETY. GOOD COMPANY.
ONE DAY AND ANOTHER. OLD LAMPS
FOR NEW. LOITERER'S ~ HARVEST.
CLOUD AND SILVER. A BOSWELL OF
BAGHDAD. 'TWIXT EAGLE AND DOVE.
THE PHANTOM JOURNAL. GIVING AND
RECEIVING. LUCK OF THE YEAR. EN-
COUNTERS AND DIVERSIONS. ZIGZAGS
IN FRANCE. EVENTS AND EMBROIDERIES.
365 DAYS (AND ONE MORE). A FRONDED
JSLB. A ROVER | WOULD BE. Each
6s. net. URBANITIES. lllustrated by

G. L. STAMPA. 5S. net. You KNOW
WHAT PEOPLE ARE. lllustrated by
GEORG® MORROW. 5% net. THE SAME

STAR: A Comedy in Three Acts
% 6d net. LITTLE BOOKS ON GREAT
MASTERS. Each ss. net. ROVING EAST
ANDROVING WEST. 5s.net. PLAYTIME
AND COMPANY, 7s.  6d. ne. Mr.
Punch's COUNTY SONGS. Illustrated
by E. H.SHEPARD. 10s.6d.net. " THE
MORE | SEE OF MEN . . " OUT OF A
CLEAR SKY. Each 3s. 6d. net. See
ao Dolls House (The Queen's)
and Lamb (Charles).

Lucas (£. V.) and Finck (Herman)
TWELVE SONGS FROM " PLAYTIME AND
COMPANY.” Words by E. V. LUCAS.

*Music by HERMAN FINCK. Royal 4*0.
7s. 6d. net.

Lynd (Robert)

THE LITTLE ANGEL. 6S net.
GOLDFISH.

THE
THE PLEASURES OF IGNOR-

ANCE. OLD FRIENDS IN FICTION.
Each ss. net. THE BLUE LION. THE
PEAL OF BELLS. THE MONEY BOX.
THE ORANGE TREE. Each 3*. 6d. net.
McDougall (William)
AN INTRODUCTION TO SOCIAL PSYCHO-
LOGY {Twenty-first Edition), 10S. &6d.
net. NATIONAL WELFARE AND NA-
TIONAL DECAY. 6S net. AN OUTLINE
OF PSYCHOLOGY (Fourth Edition).
10s. 6d. ne. AN OUTLINE OF ABNOR-
MAL PSYCHOLOGY, 155, net. BODY
AND MIND (Sixth Edition). 12s. 6d.
net. CHARACTER AND THE CONDUCT OF
LIFE (Third Edition). 10s. 6d. net.
ETHICS AND SOME MODERN WORLD
PROBLEMS (Second Edition). 7s. 6d. net.

Mackenzie (W. Mackay)
THE MEDIAEVAL CASTLE IN SCOTLAND.
(The Rhind Lectures on Archaeology.
1925-6.) Illustrated. Demy Svo.
15s. net.

Mallet (Sir C. E.)
A HISTORY OF THE UNIVERSITY OF
OXFORD. I n3vols. Illustrated. Demy
8DO0. Each £1Is. net.

Maeterlinck (Maurice)
THE BLUE BIRD. 6s net. Also, illus-
trated by F. CAYLEY ROBINSON. 10*.6d.
net. DEATH. 3 6d. net. OUR ETER-
NITY. 65 ne. THE UNKNOWN GUEST.
6s. net. POEMS. 5s. net. THE WRACK
OF THE STORM. 6S. ne.. THE MIRACLE
OF ST. ANTHONY. 3s 6d. net. THE
BURGOMASTER OF STILEMONDE. 5s nel.
THE BETROTHAL. 6S. net. MOUNTAIN
PATHS. 6s. net. THE STORY OF TYLTYL.
£l is.net. THE GREAT SECRET. 7s. 6d.
net. THE CLOUD THAT LIFTED and THE
POWER OF THE DEAD. 7s.6d.net. MARY
MAGDALENE. 25 nel.

Masefleld (John)
ON THE SPANISH MAIN. 8S. 6d. net. A
SAILOR'S GARLAND. 6s. net and 3s. 6d.
net. SEA LIFE IN NELSON'STIME. 5L net.

Methuen (Sir A.)
AN ANTHOLOGY OF MODERN VERSB
137th Thousand.
SHAKESPEARE TO HARDY : An Anthol-
ogy of English Lyrics, 19th Thousand.

Each Fcap. Svo. Cloth, 6s. net.
Leather\ 7s. 6d. net.

Milne (A. A)
NOT THAT IT MATTERS. IF | MAY.

THE SUNNY SIDE.
MYSTERY.
DAY ROUND.
3s. 6d. net.
YOUNG.

THE RED HOUSE
ONCE A WEEK. THE HOLI-
THE DAY'S PLAY. Each
WHEN WE WERE VERY
Sixteenth Edition. 169th
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Thousand. WINNIE-THE-POOH. Sixth
Edition, gist Thousand. Now WE
ARE SIX. Fourth Edition. 109th Thou-
sand. THE HOUSE AT POOH CORNER.
Each illustrated by E. H. SHEPARD.
7s.6d. net. Leather, 10s. 6d. net. FOR
THE LUNCHEON INTERVAL, IS 6d. net.
Milne (A. A.) and Fraser-Simson (H.)
FOURTEEN SONGS FROM "WHEN WE
WERE VERY YOUNG."  Twelfth Edition.
7s. bd. net. TEDDY BEAR AND OTHER
SONGS FROM " WHEN WE WERE VERY
YOUNG." 75.bd. net. THE KING'S BREAK-
FAST. Third Edition. 3s. bd. net.

SONGS FROM " Now WE ARE SIX."
Second Edition. 71, 6d. net. MORE
SONGS FROM " Now WE ARE SIX."

7s. 6d net. Words by A. A. MILNE.
Music by H. FRASER-SIMSON. Decora-
tions by E. H. SHEPARD.
Montague (C. E.)
DRAMATIC VALUES. Cr. 8vo. 7s. 6d. net.
Morton (H. V.)
THE HEART OF LONDON. 3s bd. net.
(Also illustrated, 7s. 6d. net) THE
SPELL OF LONDON. THE NIGHTS OF
LONDON. Each 3s. 6d. net. THE
LONDON YEAR. IN SEARCH OF ENGLAND.
THE CALL OF ENGLAND. Each illus-
trated. 7s. 6d. net.
Oman (Sir Charles)
A HISTORY OF THE ART OF WAR IN THE
MIDDLE AGES, A.D. 378-1485. Second
Edition, Revised and Enlarged. 2 Vols.
Illustrated. Demy 8vo. £1 16s. net.
Oxenham (John)
BEES | N AMBER. Small Pott 8vo. 2s.
net. ALL'SWELL. THEKING'SHIGH-
WAY. THE VISION SPLENDID. THE
FIERY CROSS. HIGH ALTARS. HEARTS
COURAGEOUS. ALL CLEAR | Each Small
Pott 8vo. Paper, is. 3d. net. Cloth,
2s.net. WINDSOF THE DAWN. IS net.
Perry (W. J.)
THE ORIGIN OF MAGIC AND RELIGION.
THE GROWTH OF CIVILIZATION. Each
6s net. THE CHILDREN OF THE SUN.
£l is. net.
Petrie (Sir Flinders)
A HISTORY OF EGYPT. In 6 Volumes.
Vol. I. FROM THE IST TO THE XVITH
DYNASTY, | | th Edition, Revised, 12s. net.
Vol. II. THE XVIITH AND XVIIITH
DYNASTIES, 7th Edition, Revised, 9s. net.

Vol. 111 XIXTH TO XXXTH DYNAS-
TIES. 3rdEdition. 12s.net.
Vol. IV. EGYPT UNDER THE PTOLEMAIC

DYNASTY. By EDWYNBEVAN. 15s. net.
Vol. V. EGYPT UNDER ROMAN RULE.
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By J. G. MILNE. 3rd Edition, Revised
125, net.

Vol. VI. EGYPT IN THE MIDDLE AGES.
By STANLEY LANE POOLE. 4th
Edition.  10s. net.
Ponsonby (Arthur), M.P.
ENGLISH DIARIES. £1 Is. net. MORE
ENGLISH DIARIES. 125 6d. net. SCOT-
TISH AND IRISH DIARIES. 10s. 6d. net.

Raleigh (Sir Walter)
THE LETTERS OF SIR WALTER RALEIGH.
Edited by LADY RALEIGH. TWO Vaols.
Illustrated. Second Edition. Demy 8vo.
18s. net. SELECTED LETTERS. Edited
by LADY RALEIGH. 7s. 6d. net.

Smith (C. Fox)
SAILOR TOWN DAYS. SEA SONGS AND
BALLADS. A BOOK OF FAMOUS SHIPS.
SHIP ALLEY. Each, illustrated, 6s. net.
FULL  SAIL. Illustrated. 55 net.
TALES OF THE CLIPPER SHIPS. A SEA
CHEST. Each 5s. net. THERETURN OF
THE " CUTTY SARK." Illustrated. 35. 6d.
net. A BOOK OF SHANTIES. ANCIENT
MARINERS. Each 6s. net.

Stevenson (R. L.)
THE LETTERS. Edited by Sir SIDNEY
COLVIN. 4 Vols. Fcap. 8vo. Each
6s. net.

Surtees (R. S)
HANDLEY CROSS. MR.  SPONGES
SPORTING TOUR. ASK MAMMA. MR.
FACEY ROMFORD'S HOUNDS. PLAIN OR

RINGLETS ? HILLINGDON HALL. Each
illustrated, 75. 6d. net.  JORROCKSS
JAUNTS AND JOLLITIES. HAWBUCK

GRANGE. Each, illustrated, bs. net
Taylor (A. E)
PLATO: THE MAN AND HIS WORK.
Second Edition. Demy 8vo. £I is.net.
Tilden (William T.)
THE ART OF LAWN TENNIS. SINGLES
AND DOUBLES. THE TENNIS RACKET.
Each, illustrated, bs. net. THE COM-
MON SENSE OF LAWN TENNIS. MATCH
PLAY AND THE SPIN OF THE BALL.
|llustrated.  5s. net.
Tileston (Mary W.)
DAILY STRENGTH FOR DAILY NEEDS.
32nd Edition. 3s. bd. net. IndiaPaper.
Leather, bs. net.
Trapp (Oswald Graf)
THE ARMOURY OF THE CASTLE OF CHUR-
BURG. Translated by J. G. MANN.
Richly illustrated. Royal 4to. Limited
to 400 copies. £4 1s.. 6d. net.

Underbill (Evelyn)
MY STICISM {Eleventh Edition). 15s net.
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THE LIFE OF THE SPIRIT AND THE LIFE
OF TO-DAY {Sxth Edition), 7s. 6d.
ne.  MAN AND THE SUPERNATURAL.

js 6d. net. CONCERNING THE INNER
LIFE {Fourth Edition), 2s. net.
Urwick (E. J)
THE SOCIAL  GOOD. Demy 8vo.
los. 6d. net.
Vardon (Harry)
How TO PLAY GOLF. Illustrated.

19th Edition. Crown 8vo. 5s.net.
Waterhouse (Elizabeth)

A LITTLE BOOK OF LIFE AND DEATH.

23rd Edition. Small Pott 8vo. 2s. 6d. net.
Wilde (Oscar)

THE WORKS.

net.

In 17 Vols Each 6s. 6d.

I. LORD ARTHUR SAVILE'S CRIME AND J

THE PORTRAIT OF MR. W. H. Il. THE
DUCHESS OF PADUA. IIl. POEMS. V.
LADY WINDERMERE'S FAN. V. A

WOMAN OF NO IMPORTANCE. VI. AN
IDEAL  HUSBAND. VII. THE IMPOR-
TANCE OF BEING EARNEST. VIII. A
HOUSE OF POMEGRANATES. IX. IN-
TENTIONS. X. DE  PROFUNDIS  AND
PRISON LETTERS. XI. ESSAYS. X1,
SALOME, A FLORENTINE TRAGEDY, and
LA SAINTE COURTISANE. XIII. A
CRITICIN PALL MALL. XIV. SELECTED
PROSE OF OSCAR WILDE. XV. ART AND

DECORATION. XVI. FOR LOVE OF THE
KING. (5% net) XVII. VERA, OR THE
NIHILISTS.

Williamson (G. C)
THE BOOK OF FAMTLLE ROSE. Richly
Illustrated. Demy 4t0. £8 8s net.

PART II. A SELECTION OF SERIES

The Antiquary's Books
Each, illustrated, Demy 8vo. 10s. 6d. net.

The Arden Shakespeare

Edited by W. J. CRAIG and R. H. CASE.
Each, wide Demy 8vo. 6s. net.
The Ideal Library Edition, in single
plays, each edited with a full Introduc-
tion, Textual Notes and a Commentary
at the foot of the page.  Now complete
in 39 Vols.

Classics of Art
Edited by J. H. W. LAING. Each, pro-
fusdy illustrated, wide Royal 8vo. 15s
net to £3 3s net.

A Library of Art dealing with Great
Artists and with branches of Art.

The Connoisseur's Library
With namerous Illustrations.  Wide
Royal 8vo. £l Ils. 6d. net each vol.
EUROPEAN ENAMELS.  FINE BOOKS.
GLASS.  GOLDSMITHS AND SILVER-
SMITHS WORK. IVORIES. JEWELLERY.
MINIATURES.  MEZZOTINTS.  PORCE-
LAIN. SEALS. MUSSULMAN PAINTING.
WATCHES.

English Life in English Literature
General Editors: EILEEN POWER,
M.A., D.Lit.,, and A. W. REED, M.A.,
D.Lit. Each, Crown 8vo, 6s. net.

A series of source-books for students of
history and of literature.

The Faiths; VARIETIES OF CHRISTIAN
EXPRESSION. Edited by L. P. JACKS,
M.A.,D.D.,LL.D. Each, Crown 8vo,
$s. net each volume.  Thefirst volumes
are. THE ANGLO-CATHOLIC FAITH
(T. A. LACEY); MODERNISM IN THE

ENGLISH CHURCH (P. GARDNER) ; THE
FAITH AND PRACTICE OF THE QUAKERS
(R. M. JONES) ; CONGREGATIONALISM
(W. B. SELBIE) ; THE FAITH OF THE
ROMAN CHURCH (C. C. MARTINDALE) ;
THE LIFE AND FAITH OF THE BAPTISTS
(H. WTIEELER ROBINSON) ; THE PRES
BYTERIAN CHURCHES (JAMES MOFFATT) ;
METHODISM (W. BARDSLEY BRASH) ;
THE EVANGELICAL MOVEMENT IN THE
ENGLISH CHURCH (L. ELLIOTT BINNS) ;
THE UNITARIANS (HENRY Gow).

The Gateway Librar
FcaE. 8vo. 3s. 6d. volume.
Pocketable Editions of Works by
HILAIRE BELLOC, ARNOLD BENNETT,
E. F. BENSON, GEORGE A. BIRMINGHAM,
MARJORIE BOWEN, G. K. CHESTERTON,
A. CLUTTON-BROCK, JOSEPH CONRAD,
J. H. CURLE, GEORGE GISSING, GERALD
GOULD, KENNETH GRAHAME, A. P.
HERBERT, W. H. HUDSON, RUDYARD
KIPLING, E. V. KNOX, JACK LONDON,

E. V. LUCAS, ROBERT LYND, ROSE
MACAULAY, JOHN MASEFIELD, A. A.
MILNE, ARTHUR MORRISON, EDEN

PHILLPOTTS, MARMADUKE PICKTHALL,
CHARLES G. D. ROBERTS, R. L. STEVEN-
SON, and OSCAR WILDE.

A History of England in Seven Volumes
Edited by Sir CHARLES OMAN, K.B.E.,
M.P., M.A., FSA. With Maps.
Demy 8vo. 12s. 6d. net each volume.
ENGLAND BEFORE THE NORMAN CON-
QUEST (Sir C OMAN) ; ENGLAND UNDER
THE NORMANS AND ANGEVINS (H. W. C.


http://ss.net

8 MESSRS. METHUEN'S PUBLICATIONS

DAVIES) ; ENGLAND IN THE LATER
MIDDLE AGES (K. H. VICKERS) ; ENG-
LAND UNDER THE TUDORS (A. D. INNES) ;
ENGLAND UNDER THE STUARTS (G. M.
TREVELYAN); ENGLAND UNDER THE
HANOVERIANS (Sir C. GRANT ROBERT-
SON) ; ENGLAND SINCE WATERLOO (Sir
J. A. R. MARRIOTT).

The Library of Devotion
Handy editions of the great Devotional

books, well edited. Small Pott 8vo.
3*. net and 31. 6d. net.
Methuen'3 Half-Crown Library

Crown 8vo andFcap. 8vo.
Methuen's Two-Shilling Library
Fcap. 8vo.
Two series of cheap editions of popular
books.
Writefor complete lists.

The Wayfarer

Travellers
Crown 8vo. 7s. 6d. net each. Well
illustrated and with maps. The vol-
umes are:—Algeria, Alsace, Austria,

Series of Books for

Czecho-Slovakia, The  Dolomites,
Egypt, French Vineyards, Hungary,
The Loire, Portugal, Provence,

Pyrenees, The Seine, Spain, Sweden,
Switzerland, Unfamiliar Japan, Un-
known Tuscany, The West Indies.
The Westminster Commentaries
Demy 8vo. 8s. 6d. net to 16s. net.
Edited by W. LOCK, D.D., and D. C.
SIMPSON, D.D.
The object of these commentaries is
primarilytointerpret the author's mean-
ing to the present generation, taking
the English text in the Revised Version
as their basis.

THE LITTLE GUIDES

Small Pott 8vo.
THE 65 VOLUMES

BEDFORDSHIRE ~ AND HUNTINGDONSHIRE
4s. net.

BERKSHIRE 4s. net.

BRITTANY 4s net.

BUCKINGHAMSHIRE 4* net.

CAMBRIDGE AND COLLEGES 4s. net.

CAMBRIDGESHIRE 4s.  net.

CATHEDRAL CITIES OF ENGLAND AND
WALES 6. net.
CHANNEL ISLANDS 51. net.

CHESHIRE 5S. net.

CORNWALL 4 net.

CUMBERLAND AND WESTMORLAND 6s. net.
DERBYSHIRE 4s. net.

DEVON 41. net.

DORSET 6S.  net.

DURHAM 6s. net.

ENGLISH LAKES 6* net.

ESSEX 5S. net.

FLORENCE 6s. net.

FRENCH RIVIERA 6s. net.
GLOUCESTERSHIRE 5S. net.

GRAY'S INN AND LINCOLN'S INN 6s. net.
HAMPSHIRE 4s. net.

HEREFORDSHIRE 4s. 6d. net.
HERTFORDSHIRE 4s  net.

ISLE OF MAN 6S net.

ISLE OF WIGHT 4s net.

KENT 6 net.

LANCASHIRE 6S. net.

LEICESTERSHIRE AND RUTLAND 51. net.
LINCOLNSHIRE 6s. net.

LONDON 5s. net.

MALVERN COUNTRY 4s. net,

Illustrated and with Maps
IN THE SERIES ARE:—

MIDDLESEX 4s  net.
MONMOUTHSHIRE 6s. net.
NORFOLK 5s. net.

NORMANDY 5s. net.
NORTHAMPTONSHIRE 4s. net.
NORTHUMBERLAND 7s. 6d. net.
NORTH WALES 6S net.
NOTTINGHAMSHIRE 6s. net.
OXFORD AND COLLEGES 4s. net.
OXFORDSHIRE 4s. net.

PARIS 6S. net.

ROME b5s. net.

ST. PAUL'S CATHEDRAL 4s net.
SHAKESPEARE'S COUNTRY 4s. net.
SHROPSHIRE 5s. net.

SICILY 4% net.

SNOWDONIA 6S.  net.

SOMERSET 4s  net.

SOUTH WALES 4s net.
STAFFORDSHIRE 5S. net,

SUFFOLK 4s.  net.

SURREY 55 net.

SUSSEX 4s. net.

TEMPLE 4s. net.

VENICE 6S. net.

WARWICKSHIRE 5S. net.
WESTMINSTER ABBEY 5S. net.
WILTSHIRE 6S. net.
WORCESTERSHIRE  6s. net.
YORKSHIRE EAST RIDING 5S. net.
YORKSHIRE NORTH RIDING 4s. net.
YORKSHIRE WEST RIDING 78 6d net.
YORK 6s. net.

METHUEN & Co, LTD., 36 ESSEX STREET, LONDON, W.C.2.
























