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FCOREWARD

On'7 November 1945, the Board of Admiralty approved recommerdations
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LFBSTRACT

1 'Iwenty f'ive years ago the Admiralty Board cpproved recomacadrzions
for a radically new procedure for selection of o{'ficer cadets for %he

Royal lavy.

2., Under the new procedure candidates were ranked using a judemental
measure of personality and their performance in educational examinations.
The former was an interpretation of candidates' behaviour in individual
and group tasks and interview, performance in psychological tests, and
neadaaesters'! reports, and has remained essentically unchanged to the

vrescrnt day.

5. Selected candidates were given cextensive treining, initially in
general naval matters, later in specialist subjects, to preparc them for
service in . Seaman, Supply and Sccretariat, Lngineer and slectrical

bronches.

ke The first 500 officers selected have now passed through the zone

of promotion to Commander. Records of their performance in selection,
training and subscgquent career have been analysed.to,identify the
abilities associated with success and the effectiveness of selection and

training criteria for determination of these abilities.

5. Investigations of data structure using FPrincipal Component Analysis
and Factor Analysis have revealed the inter-relationships of examination
and test. scores, interview board mariks, biographical items, training
course results, superiors! assessmcents, and a synthetic variable

denoting career success. Vectors representing these variables have been
located in a threc-dimensional framework with axes def'ined as
personality, verbal-educational ability and spatial-mechanical ability.
Comparative analyses of mofe recent samples show that the basic structure

of this framework is stable.

bs ‘'ne relationships depicted in the three-dimensional model, together
with results of predictive studies using Discriminatory Analysis and
ilultiple Regression Analysis, show that success up to Commander's rank
is associated with markedly different abilities in the various branches
of the service and that short-term and long-term success are also
distinct. |

7. The conclusion is reached that discriminatory techniques could make

a powerful contribution to present-day selection by facilitating optimum

selection and placement of candidates in terms of relevant abilities.

(i1)
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CHAPIER 1

SYNOPS IS

1. The selection of naval officers is concerned with the identification
of individuals who can benefit from a long and intensive training and

eventually become efflective managers in a service environment.

2. Prediction of success in these two distinct roles, student and
manager, requires more than.guesswork and hunch., “Twenty five years ago

a procedure was introduced which was designed to reduce the gamble of
selection. This procedure relied partly on an educational examination
and partly on judgmental interpretation of cé.ndidates' performances in
4individual and group tasks, interviews and psychological tests. The
educational examinations, which were conducted by the Civil Service
Commissioners, have been replaced by nAY level requirements, but the

judgmental procedure has remained essentially unchanged to the present
day.

3. It is axiomatic that a planned selection prdcedure should be
evaluated to determine the degree of confidence which can be placed in
predictions based upon it. Limited short-term follow-up studies have

~ been undertaken from time to time by linistry of Defence staf'fy, though
results have not hitherto been published. These studies have been
concerned with validation of the selection procedure in terms of student
success., There has, until now, been no attempt at long-term follow-up

to determine the effectiveness in terms of prediction of managerial

POtentiali

., The investigations reported in Volume 1 of this thesis seek to
identify the abilities associated with short-term and long-term success;
to assess the effectiveness of the "new-type" selection procedure and of

training for determination of these abilities; ~and to determine ‘the

usefulness of various classes of data for predictive purposes.

5. The samples used in these primary investigations include some 3500
officers who joined the Royal Navy via Special Entry Cadetships between
February 1947 and August 1949, and in the analyses of data structure-a
furthér 250 candidates rejected during the same period are considered.

2o



6. A wide range of data has becn used including biogi'aphical items,
selection scores (CbC éxziminations, psychological test scores and interview
board marks), training results and career data in the form of "annual"
reports. Thne structure of "interests" data has also been analysed but

the information was found to-be unsuitable for predictive purposes.

{« To facilitate comparison of short-term and long-term prediction
several criteria of eff'ectiveness have been used. These include the
actual scores used for assessment of training course results and a

composite synthetic variable constructed to denote long-term success,

8. The report of analyses begins with an account of univariate studies
of means-and variances of some 110 variables in the various saiﬁples. This
is followed by bivariate analyses of predictive associations and
correlations. A series of investigations of data structure, and of data
condensation, using the multivariate techniques of principal comﬁonent
and factor analysis, is then described, providing a foundation for the
final stages of the analyses, the predictive studies. For the purposes
of deriving predictor functions the techniques of both discriminatory

and multiple regression analysis have been used.

9. Because the sample sizes are very limited it has been necessary in
some of the analyses to rely on statistical inf'erence rather than the more
pragmatic, and usually preferred, cross=validation of predictor flunctions.,
Statistical inflerence relies in its turn on assﬁmptions of distribution

the validity of which is not uniform throughout the data. It cannot be
stressed too strongly that results derived by.statistical methods have an
associated probability of occurrence by pure chance, In the case of
complex predictive functions there are of'ten many different functions which
would give equally good statistical results. Any given function must be
treated as only one possible solution whose vsilidity may be partly

dependant on chance relationships in the pareh’c sample.

10, The derivation of functions which could be‘used' directly for
predictive purposes in other samples was not, however, the main purpose of
this study. Rather was it desired to approach the assessment of
effecetiveness of selection and training procedures through an understanding
of the ability structures. The results of f structural and predictive
analyses are consistent and have been brought together in the f'orm of
models of the relationship between student and occupational success and

basic abilities, "These models illustrate the marked diff'erences in



abilities associated with success in the student andrmanager'foles and in
different branches of the service., They show too the relative
inefficiency of comp031te scores used for selectlon of candidates
destined for different types -of training and employment and the value

of carly training results as a guide to long-term success.

11. In Volume 2 of the thesis comparative studies of more recent
samples are reported. The essential similarity of data structure deduced
for these 'samples, which were widely separated in'tiﬁé, suggests that,
although full cross-validation of the primary investigations is not

" possible, .the situation being examined is a stable one.

12. A method of relating the models obtained by Factor Analysis of cach
of the samples has also been investigated and is reported together with

examnples in which the use of such related models for predictive purposes

is explored.

15. The -'opportunity has also been taken in Volume 2 to report some

further studies of biographical, interests and annual report data.

14. There have been discussions recently about the alleged need to lower
selection standards to improve recruiting. 'The research reported in this
thesis has shown that what is required is not é lowering but a choice of
more relevant standards to ensure Optimum.placemént of candidates as
distinct from simple selection/rejection., ILxamples of the use of
discriminatory analysis show that such a technique would be particularly
suitable for providing the categorical predictions required in this

multivariate classifiication situation.

15. The identification of abilities associated with career success in
thevarious'branches and the investigation of a suitable methodology for
relating .results to more recent samples provides a starting point for
comprehensive study with a view to such a redesigning of the selection

procedure,



CHAPTER 2

THE HISTORICAL SETTING

1. The processes of selection and training of officer candidates for the

British armed forces have undergone profound change in the past century,
From a time when all that was demanded was a suitable background and the
ability to learn from experience the services have progressed to an era,
dominated by technical innovation, when candidates are required to undergo
extensive selection procedures and prolonged training to ensure their
ability to cope with the task of management amidst the intricate

paraphernalia of modern warfare,

The need for new methods

2. Evolution was powerfully stimulated as a result of the demands of

the second world war. Shortly after the outbreak of war in 1939 rapid
expansion of the Army made it necessary to find a large number of new
officers. It was quickly realised that the traditional method of selection
by means of a brief interview was quite inadequate. The greatly increased
demand brought candidates from all sections of the community instead of

the socially and educationally homogeneous stratum of pre-war days. The
failure rate at Officer Cadet Training Units went up and the morale of

both the unsuccessful trainees and potential candidates suffered. A

more reliable method of selection became an urgent necessity.

3., Towards the end of the first world war the Americans had developed
the use of intelligence tests for the selection and placement of army
recruits and as a result some two million men were tested during 1917

and 1918. Between the wars the use. of intelligence tests spread to
schools and universities in the UK and growing interest in personnel
problems in industry led to the foundation of the Industrial Health
Research Board and the National Institute of Industrial Psychology.
Although military psychology virtually lapsed in both America and UK during
this periodifhe Germans continued its development in the reconstitution of
their armed forces after 1927. Vernon and Parry (1949) have outlined

how the British services came to realise the importance of these
developments in applied psychology when faced with the vast war-~time
expansion of the task of selection, allocation and training,’and how
scientific methods came to be applied on a scale unprecendented in

Britain.



The first new-type Selection Board

4. The introduction of the new-type War Office Selection Boards in
1942 was a milestone in British Military psychology. The work of the
WOSBs, as they were called, has been described by Morris (1949).

Briefly the basic principles were:-

a, that the selectors should see the candidates not only as

individuals but also as members of a group;

b. that the candidates should be observed performing tasks as
well as talking;

Ce that the several members of the board should bring different
but complementary approaches to the judgment of candidates'
suitability.

The selection procedure was spread over three days, allowing observation

of the candidates in a variety of activities,

New type selection in the Royal Navy

5. In the Royal Navy, which in peacetime had been a relatively small
regular force, the problems of selection and allocation of wartime
personnel were severe. The Admiralty sought the help of the National
Institute of Industrial Psychology and A Rodger (1945) has described how
he and seven other psychologists were seconded to help with the selection
and allocation of "hostilities only" ratings in July 1941.

6. The group was successful,not only in its allotted task,but also 1in
convincing naval officers of its worth and by March 1943 the Senior
Psychologist, now responsible direct to the Second Sea Lord, was involved
in the selection and training of RNVR officers. Methods similar to those

used by the WOSBs were introduced, though selection and training were

integrated and extended over several weeks,

7e These activities attracted a good deal of attention and shortly
afterwards the Engineerjin—Chief, already concerned about the quality of
permanent Engineer officers, invited the Semior Psychologist to carry
out. tests on officers under instruction at the Royal Naval Engineering
College. The results of the tests, which were carried out in November
1943, and his experiences with selection of RNVR officers, led the
Senior Psychologist to recommend a review of the officer cadet selection

procedure.



8, As the war progressed thoughts began to turn to the future, to the
time when old deficiencies might be overcome, when the lessons of war
could be applied to the problems of peace, when new methods would be
needed to cope with the sophisticated systems now being conceived under
the stimulus of war, There was growing concern over the quality of the
cadet entry and the suitability of the methods of both selection and

training for post-war conditions was questioned.

O, Since 1913 there had been two main methods of entry to officer

cadetships in the Royal Navy: one at age 133 to the Navy's own public
school, the Royal Naval College, Dartmouth; the other, known as Special
Entry, for boys of 17-18 years, which had in recent years provided the

majority of Engineer officers.

10. The selection of Special Entry candidates under the "old-type"
procedure was based on the results of an examination divided into two
parts. Part 1 consisted of educational subjects, for which a maximum of
1200 marks could be awarded. Candidates who passed Part 1 appeared
before an Interview Board for Part 2. The Board allowed 20 minutes per
candidate, the time being used to read a report from the candidates
headmaster, to interview the candidate, and to discuss his merits and
award an "Interview and Record” mark out of 400. The candidates were

then placed in order of merit according to their total marks in the two

parts.

11, This simple form of selection was generally considered adequate in
the conditions prevailing between the two world wars. The proportion of

candidates to vacancies was high, and most of the candidates come from
similar social and educational backgrounds, many from service families,
The selectors! task of deciding which of the candidates most nearly came
up to their ideal of good officer potential was relatively easy.

12, By the autum of 1944 it was clear that the conditions to be faced

in officer selectinn after the war would be very different. The methods
introduced for RNVR officers had gained the confidence of the Admiralty

and the time was ripe for a full enquiry into selection of Special Entry
officers. An experimental selection board was convened on 15 September to
ascertain whether a technique similar to that used by the War Office
Selection Board could usefully be adapted for the selection of naval officers.



The result was an unequivocal recommendation that the new procedure should

be adopted and on 19 December 1944 a committee was constituted with the
following terms of reference:—

"a, To consider the present system of selection of candidates
in the Special Entry group of examinations (Executive,
Engineering, Supply and Royal Marines) and to consider whether
any grounds exist for believing that improvements are desirable,

b, If so, to consider and make recommendations on the steps to be
taken to effect any necessary improvements., The committee will

consider what relevant experiments and investigations in

connection with the entry of officer personnel have already
been made, and whether these form a useful pointer to the

direction in which any changes should be made.?”

13. The committee, whose membership was:-
Admiral Sir Percy Noble, GBE, KCB, CVO Chairman
Captain C P Clarke, DSO, RN
Canon Spencer Leeson, MA, Headmaster of Winchester
College
Professor Cyril Burt, MA, DSc, Professor of Psychology,
London University
Sir Sidney Barnes, KBE, CB, Director of Greenwich
Hospital
Mr K W Matthews, CW II Branch, Admiralty | Secretary
submitted its report on 27 June 1945, with recommendations for extensive
changes. The proposals included the adoption of a new selection procedure,
based on the WOSB methods, but requiring a total of only one and a half
days, and the attachment of a psychologist to the selection board.

14, Appendix 2 of the report contained the results of a follow-up study
conducted by Professor Burt to investigate the relationship between

career success and selection performance amongst a group of officers who
joined the service between 1025 and 1929 (see Chapter 6). Sir Sidney Barnes,
in a note of reservation, expressed doubts about the weight to be

attached to the interview in the new procedure and quoted the low
correlation found by Professor Burt between interview marks in the old-

type board and subsequent performance,



15. The Board of Admiralty recorded their approval of the proposed
improvements to the interview procedure in Board Minute No 4045 on

7 November 1945 but it was some time before the question of relative
weighting of examination and interview marks was finally settled.
Caution prevailed and when the first new-type board for Special Entry
cadetships was held in February 1947 the allocation for interview had
been increased from 25% to 27%.

The birth of a branch

16, At the same time as the Noble Committee was reviewing selection
procedures attention was being given to the problem of the new generation
of electrical equipments. The Phillips'! Report and the deliberations of
the Middleton Steering Committee led to the setting up of the Electrical
Branch in 1940 and the first selection board for cadetships in the new
branch was held in August 1947. The procedure adopted was similar to
that evolved for the other branches b?t some modifications were made

to cater for an entry of candidates who had already taken their Higher
School Certificate examinations and who would be required to spend three
years of their training reading for degrees, mostly at Cambridge

University.

Summary

17. During the twenty five years since the first '"mew-type" board

was held there have been numerous changes in recruiting and training
requirements and in branch structure but the essential features of the
Admiralty Interview Board procedure and of the career'pattern.have

remained unaltered., Studies of the short-term validity of the new-type
board assessments were undertaken at an early stage. It is now appropriate
to examine in depth the long-term relationship between career suceess and

data recorded at selection and during training.

9.



CHAPTER 3

OBJECTIVE, OPPORTUNITY AND SCOPE

1. The inéroduction_of the new-type one-and-a-half day selection
procedure in Februar§#1947, replacing thelbrief’intervieW'of pre-war
days, was a landmark in naval officer selection procedure. For the
first time the board was able to consider the candidate!s performance,
not only in interview but also in individual and group tasks and tests
of ability and aptitude, and to take into account the advice of a

professional psychologist.

2. An important coincident change in training policy, effecting both
the mechanical engineers and the newly formed electrical branch, was the

separation of engineering education and specialist training on naval
equipments into two distinct phases. The sssential features of both the
Admiralty Interview Board and the partitioned training have remained
unchanged to the present time although numerous changes of detail have

been made,

3. Follow=up on officers selected and trained under the new procedures
has been scanty and so far as is known has not been published., In 1961

Dr Vernon undertook a short-term career study on Seaman officers but

apart from this investigations have been confined to the training phase,

No attempt has hitherto been made at long-term career validation, either

of the selection procedure or of the subsequent training., It is the
fundamental aim of this study to consider the question "What are the
abilities associated with training and career success, and is the selection

procedure relevant to the determination of these abilities?"

4. The feasibility of such a study depends on a number of factors.

First, a comprehensive investigation is a lengthy operation requiring a
knowledge of both the details and the underlying principles of selection,
training and career structure and of the statistical techniques involved
in analysis. Second, it demands not only the existence of records covering
a long period of time but also access to them, Third, the processing of

data covering some twenty years involves a great deal of computation which

cannot be undertaken economically by purely human effort.

10,



5. The appointment of a serving naval officer to post=graduate study,
with access to a sizeable computer, provided the necessary effort and
facilities, The existence of comprehensive records and the willingness
of the authorities to make them available in anonymous form provided the

material.

6. Preliminary study suggested that the first reliable criterion of
long~term career success would be a measure related to promotion to the
rank of Commander, the earliest selective promotion, To ensure that all
officers still serving had passed through the zone, and hence had had an

equal chance of promotion, it was necessary to constrain the sample to

officers who joined no later than summer 1949, . |

7. It was found that a total of some 300 officers had joined}via Special
Entry cadetships between February 1947 and August 1949, Though the sample
was not large, particularly when partitioned into the specialist branches,
the advantages to be gained from simplicity of problem structure appeared

to outweigh possible disadvantages of small sample size.

8. Although the main objective was to investigate the relationship

between career success and the measures of abilities and performance used

at selection and during training, early research revealed that a considerable
amount of biographical data was available and there was thus a rare and

valuable opportunity of studying the long-term significance of such data.
The provision of information extracted from annual reports further extended
the area of research and enabled relationships with career development

also to be studied.

0. A broadening of objective became highly desirable and it was therefore

decided to adopt the following aims:-

a. To identify the abilities associated with training and career

SUCCCSS,

b. To assess the effectiveness of the '"new-type" selection

procedure for determination of these abilities,

Ce To determine the usefulness of various classes of data for

predictive purposes.,

d. To draw conclusions about the relevance of the findings of the
study to the current problems of selection and training.

11,



10, Volume 1 of the'thésis is concerned with the first threec aims and
Volume 2 chiefly with the last two. Assessment of the validity of the
results recorded in Volume 1 and of their relevance to more recently
selected candidates is inevitably indirect since the size of the main
se.mplie was dictated by the requirement :th&t all 'Qf‘ficcrs should have
had equal opportunity of promotion to Commander. . The problem has
therefore been approached in Volume 2 by means of comparative analyses
of selection data structure of three groups; the first (as described
above), comprising candidates of the first six “new-type" Special

Entry selection boards, the second comprising candidates of boards seven
to ten, and the third comprising candidates interviewed in 1969/70. The
methodology adopted for this comparison illﬁstrg.tes how models derived

from different samples may be related for predictive purposes.

11, Summing up, this is a long-term follow-up of officers who joined
the Royal Navy via Special Entry cadetships beﬁ'{een February 1947 and
August 1949. A comparison of selection data structure for two other
more recent groups provides a basis for assessment of relevance and

validity and a method of relating models for predictive purposes 1is

examined.

12,



CHAPTER 4

PROCEDURE AND REPORT STRUCTURE

1, Evidence of quickening interest in the application of mathematical
techniques of modelling to the problems of manpower planning has been
apparent in.the publication of the proceedings of two recent NATO
conferences; The use of renewal theory, dynamic programming and Markovian
constructs has been demonstrated by Bartholomew, Leese and Kossack
respectively, all in papers edited by Wilson (1909)., Application of
.quadratic programming to the promotion system of German Air Force officers
has been described by Stolley in papers edited by Beale (1970).

2. The value of statistical models has long been recognised but techniques
which once bore an alchemic stamp have commanded new respect since the
advent of computers has made mathematically elegant solutions practicable.
The power of data condensation techniques such as Factor Analysis and
Discriminatory Analysis in bridging explanatory and predictive models of

human systems is, however, still relatively unexplored.

3. There is always a risk that, in the pursuit of elegance in some
multivariate abstraction, or in the use of the calculating power of the
modern computer, one may lose sight of the vital fact that the observations
are people and the variables are human characteristics. Dr Anstey, 1in
opening the discussion on the papers mentioned in paragraph 1 pointed out
that usefulness may depend critically on the extent to which the resources

can be described in objective terms and that in manpower systems, many

imponderable human factors may need to be taken into account.

4. A more fundamental danger is that of ascribing the status ,0of ultimate
truth to the outcome of any particular experiment, however convincing it
nay bke. In eny scientific field the observed phenomena can be described
in a great variety of ways which are mutually consistent. The choice of
a particular interpretation must depend on its utility. F R Moulton
(1939) aptly said, "If scientists would remember that various equally
consistent interpretations of every set of observational data can be

made, they would be much less dogmatic than they are, and their beliefs

in a possible ultimate finality of scientific theories would vanish,"

/
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5. The Royal Navy has always treated its officers as individuals and is
rightly suspicious of attempts to treat them as mere quantities in a
mathematical model. Insofar as a model is an abstraction from, and
therefore an approximation to, reality there is no fiield of study where
such suspicion 1s more appropriate than that of human endeavour, demanding,
as it may, quantification of the immense variety of man's characteristics.
Nevertheless, a model which expresses career relationships in numerical
form may be of considerable value in policy-making, provided the limita-

tions are understood.

6. In this research multivariate analysis techniques have been extensively
used for the derivation of success/ability models., Pfincipal Component
Analysis, Cluster Analysis and Lawley's method of Factor Analysis are used
in the study of data structq.r'e and for data condensation. Predictive
functions have been derived, using both Multiple Regression and
Diseriminatory Analyses., Further details of the methodology and the

techniques used in the various investigations are given in Chapter 12,

{« The structure of the report is to some extent dictated by the
diversity of the study. Volume 1 is divided into five parts, the first
part providing historical background and a general introduction to the
research. Part 2 is devoted to a review of felevant literature and
contains' two main sections, the first dealing with theoretical material
and the second with related studies. It is ine{rita'ble’ that a study which
ranges so freely between psychological and statistical territory should
demand a corresponding.spread of reference. The review is by no means
exhaustive and serves only to "set the scene" for the subsequent
investigation.

8. The remainder of Volume 1 is concerned with the p'*rimary investigations,
i.e. those involving candidates of the first six_new-type selection boards.
Description of the career patterns which form the basis of the sfudy,
definitions of the variables used, and delineation of the primary samples
c.omprise Part 3. Separate chapters are devc;ted to eaclh of the main career
rhases,-viz pre-entry, training and post-trairiing, and in each case details

of the derivation of synthetic variables are included.

9., The investigations relating to the primary groups are described in
Part 4, which begins with an outline of the analytical researcn and of the
techniques and computational facilities used. Separate chapters are devoted

to the univariate analysis and to each phase of the multivariate studies.
In Fart 5 the results of the primary investigaﬁ\ions are sumrarised and an
attempt is made to assess the possible relevance both .of the findings and
of the techniques to current policy=-making. |
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10. In Volume 2 an account is given of secondary'iﬁvestigations which

fall into two main parts:-

a. Further studies of the primary groups (candidates of boards 1-6).
b,  Comparative studies of the primary and two later groups.

A more detailed account of the structure of'Vbiume 2 is given in
Chapter 22, ‘
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CHAPTER 5

THE CONCEPTUAL BACKGROUND

The Criterion

1. What is occupational success? The definition of a criterion is
central to the study of related abilities and of selection validity.

The difficulty of definition has been stressed again and again in the last
two decades. Thorndike (1949) devoted a chapter to the choice of an
objective measure compounded of progress and satisfaction. Vernon and. .
Parry (1949) considered four alternative categories of criteria in common
use applicable to various circumstances. Davies (1950) reviewed the

objective methods of definition based on performance and considered the
significance of social factors such as human relations which may affect
the "cost of work" as distinct from "output”", He concludes that a
comprehensive measure of success may need to take into account the
assessments not only of superiors but also of equals, subordinates, and
domestic contacts and that conventional yardsticks, such as earnings or

status, must be tempered by measures of the individual's own feeling of

satisfaction,

2, The range of possible definition was again apparent in a series of
papers published in 1965, A Rodger recognised the importance of both
satisfaction and satisfactoriness in a full-employment situation and drew
attention to the dynamic nature of criteria., A S Thompson listed the
essentials of a good criterion as "reliable, differentiating, practical,
and relevant', with emﬁhasis on the latter, He commented “— most of

the criteria used in prediction studies leave much to be desired when
matched against the overall objective of the situation ~" and underlined
the distinction between the vocational goal of the individual and the
usual criteria of salary, superior! ratings, etc. He recognised the basic
weakness of most criteria as their essentially static nature, and noted
that in real life we are dealing with a changing individual in a changing
environment. He saw career as a "pattern of movement' through a "world

of work" and the criterion problem as one of measuring this pattern of

movement. M H Brolly was less sanguine about the quantification of success,
seeing each individual as a unique and continually developing conglomerate
of characteristics operating in a dynamic environment, and the possible
combinations, or interactions, capable of producing a success situation as

almost infinite. P E Vernon, on the other hand, regarded this as a rare

16,



situation, He recognised the usefulness of multiple criteria and .

distinguished between immediate, intermediate and long-term.definitions.

3. There is evidence that the "systems concept!, in which the individual
is viewed in a state of dynamic interaction with his environment, is
gaining ground. March and Simon (1958) see the individual pursuing
success as defined by the organisation. Jacques (1961) regards
Ncapacity" as i1nnate, but developing in some more than others and at
rates varying from one to another, Beresford (1969) finds that "ability"
as judged by the Army is partly innate and partly the capacity to adapt
to experience and to acquire the preferred behaviour paftern.

Rundquist (1969), exploring why validity coefficients present such a
stubborn ceiling, found that similar criterion performanée, in this case
industrial output, could be achieved by many combinations of selection,
training, supervision and production techniques, and that a change 1in

any one of these might produce a marked effect on the criterion.,

4. This diversity of approach to the problem of criterion definition
does not necessarily imply any fundamental incompatibilities with the
traditional concepts of the structure of ability, the development of which
is reviewed by Vernon (1950). Vernon's reluctance to accept the
pessimism of Brolly may be viewed against the prodigious volume of
statistical study completed by Vernon, a great deal of it while he was
consultant on psychological research to the Civil Service Commission, the
Admiralty and the War Office during and after the second world war. Their
differences seem to be chiefly in the importance attached to environmental
factors, not as an influence on ability but as a contribution to the over-
all success function. Brolly expressed his point of view in graphic
terms, He likened the problem of measuring the difference between two
managers! performances to that of finding the difference in weight of a

£1 note and a 10/~ note by weighing two trucks, each carrying one of the
notes. He doubts the wisdom of developing a weighing machine accurate

enough to distinguish between the two when so little is known about the

differences inherent in the trucks.,

5. In the present study an attempt has been made to steer a path
between the extremes. Criteria have been formulated in terms of both

career developments andproﬁopion and it 1s likely that these measures

reflect both satisfactoriness. and satisfaction to some degree. A full

account of the definitions 1s given in Part 3.



The Selection Objective

el

‘6. If definitions of criteria of success are so elusive what then is

the objective of selection? Should the procedure be aimed at

identifying those who will achieve an acceptable standard in the various
stages of training? Should the selectors attempt to identify those who,
with the aid of training, will give satisfactory service in their early
careers? Should they look for management potential and the ability to
benefit from all experience and acquire the necessary (and changing)
behaviour patterns? 1In the context of the Admiralty Interview Board these
objectives are to some extent.inter-related, since a minimum standard of

achievement in training is a pre-requisite for a longer career. In a
full-employment situation they cannot be entirely divorced from consider—

ations of suitability of the career to the candidate, since the best
recruiter, and the one who is likely to give the longest service, is a
satisfied officer, Hence satisfaction and satisfactoriness are both

relevant.

7. A review of the problems of student selection is given by

Himmelweit (1950). The author attempted to answer the question "What are
we selecting for?" in the context of university entrance, There are close
similarities with the problem of selectibn of officers for the services,
though a greater proportion of candidates for the latter may have a

clear idea of their own objectives., Himmelweit also considered the
usefulness of cognitive and conative tests and of biographical data in

student selectinn,

8. A recent study of the value of educational, psychometric and
biographical data is reported by Freeman (1970), examining the performance
of students at the University of Reading. He deduced that several
personality factors are involved in students! early performance. Morea
(1969) describes a study of the relationship between students! interests
and their examination performance in the first year of a business studies
degree course. Here the conclusion is reached that drop—out or failure

may result as often from a student!s lack of interest as from serious

lack of ability.,

O, The prediction of managerial performance was reviewed at length by
Korman (1968). More than fifty studies are listed under the headings
of psychometric and judgmental prediction., Psychometric studies are

classified according to their use of cognitive ability tests, objective
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personality and interest inventories, leadership ability tests, and
personal history data. Judgmental prediction is classified under
executive assessments, peer ratings, and superior and faculty ratings.
Here the main conclusion reached is that judgmental prediction is
relatively superior to psychometric prediction, though the evidence is
not strong. The reason postulated is that judgmental predictors are
essentially forecasting the general level of adequacy with which the
person will be able to function in a complex, demanding environment, and
the extent to which he will be able to handle the various stresses which
exist in the managerial role, "In other words ... the 'judgmental
predictors! are predicting a psychological dimension known to them and
about which they have some conceptual understanding. Hence thqy adjust
their cognitive activity and weight the predictors toward this end. On
the other hand the psychometricians use the complex changing, unknown
criterion as a point of departure and are thus operating more in the
dark!.

10, Other conclusions drawn from this survey are:-

"a, Intelligence, as measured typically by verbal ability tests, 1is
a fair predictor of first-line supervisory performance but not
of higher-level managerial performance. Restriction of range
is probably the explanation for this finding.

b. Objective personality inventories and “leadership ability'" tests
have generally not shown predictive validity, with the exception
of the projective measure of managerial motivation developed by

Miner.,

c. Personal history data as predictors are fair for first-line
supervisors, but less so for the higher-level individual."™

11. A report, not included in Korman's survey, in which Porter (1965)
examines the validity of socioeconomic origin as a predictor of
executive success, concludes that no support is found in the sample

concerned for the "widespread belief in family effect!.

12, An attempt to identify the underlying dimensions of personal back~
ground data is described by Baehr and Williams (1967). Factor analysis is
used to study a wide spectrum of data and to derive a framework for
investigation of the dynamic relationship between biographical variables
-and occupational success., Second-order factors were identified as
representing five broad behaviour patterns.
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13, Growing concern over the indiscriminate and often ill—informed use
of psychological tests in industry in the USA is expressed in a paper by
Sparks (1970). He observes that test scores may need to be tempered with
interview results, biographical data, etc, but demands that all these

variables should be validated as rigorously as the tests.

14. Study of the procedure evolved in 1946 for selection of naval
officers reveals a recognition by its designers of many of the problems
since encountered in other fields. The procedure leans heavily on

judgmental prediction by experienced, but not too senior, serving officers.
It 1ncorporates a minimum educational requirement and cognitive tests are

used, together with interviews stimulated by biographical and interest
data, and with observation of group and individual taské, in arriving

at a balanced assessment of each candidate, In their predictions the
board members seem likely to be operating in a way akin to that envisaged
by Korman, arriving at a composite judgment in terms of immediate,
intermediate and long~term potential along a psychological dimension of
which they have a conceptual understanding based on direct experience.

The Cost

15. In the past three decades a great deal of attention has been given
to design of personnel selection procedures and to the assessment of

their success. Recently there has been growing interest in the cost.

16, Dunnette (1966) considers the "utility! or overall usefulness of a
selection procedure under two headings, viz actual costs and potential
costs. The former he associated with recruiting, assessment, induction

and training, whereas the latter is defined as that cost which might be

incurred 1f a wrong selection decision is made, viz:—

a, costs associated with engaging a person who subsequently fails;

b. costs associated with rejecting a person who would have been

successful,

A simple illustration is given of a curve relating cost and selection

standard on one predictor.

17. Dunnette is careful to stress the importance of humanitarian
factors and adds that "utility" should be viewed more as a way of think-

ing about selection procedures than as a formal set of rules or
prescriptions for attaching numbers or cost figures to evaluations of

different outcomes.
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18, No attempt has been made in this study to consider the cost factors
in the evaluation of the naval selection procedure, It may well be that
such considerations are worthy of special study.

Analysis

19, Extensive use is made in this study of statistical method and
techniques, a comprehensive treatment of which is given by Kendall and
Stuart (1962). References to relevant specific sources are given in

Part 4 but a review of the literature would not be complete without brief
mention of the developments in statistical methods, techniques and

applications in the last three decades. Nowhere has this development

been more apparent than in the realm of multivariate analysis, an outline
of which is given by Kendall (1965).

20. Perhaps the most striking progress is in Factor Anaiysis, the early
development of which, together with Principal Component Analysis, was .

so closely associated with the evolution of psychological theory. The
classic works of Spearman (1927), Thomson (1939), Burt (1940),

Thurstone (1947) and Cattell (1952) are all concerned with such applications
and are representative of an era when Factor Analysis was essentially

an empirical technique, inhibited by lack of computational facilities.,

21, Factor Analysis is a way of getting an overview of a large number of
correlation coefficients, to see if the common variance which they
express, which has been measured only in pairs of variables, taken two-’
by-two, can be described in broader terms. A successful Factor Analysis
is like the contour map of a whole countryside, which is based on many
separate measurements of relative altitudes of hilltops and hollows.

It gives new perspectives over the domain, and it brings into prominence
features which had previously escaped attention, A fundamental

~ consideration in Factor Analysis is to express the observed variables

in terms of a smaller number of factors which adequately account for

the correlations.

22. The development of the method of maximum likelihood, described by
Lawley (1940), made a fundamental contribution to Factor Analysis by
providing a statistical basis for judging the adequacy of the model,
with a specified number of factors, to explain an observed correlation
matrix. After half-a-century of association almost solely with the

investigation of the structure of ability Factor Analysis took on a new



signifiicance, Many possible applications became apparent in the
rapidly developing use of mathematical method by operational
research groups in business and industry, where it is of'ten
desirable to simplify and reduce to a flew primary factors a large
number of variables. Indeed Lawley and Maxwell (41963) claimed
that, although the practical psychological controversy about the
structure of ability had damped for a time the development of
Factor Analysis, it was by then the most widely used of the

multivariate techniques, particularly since the use of computers

had facilitated the massive calculations involved. A comprehensive
treatment of modern Factor Analysis is given by Harman (41967) and

an alternative approach by Horst (1965).

23. Another method of dimension reduction, which has also been
used in this study, is afforded by Discriminatory Analysis. The
method is particularly relevant to the problems of selection where
the objective is to allocate a new individual to one of a number
of categories, on the basis of a set of measuremenfs, so that the
probability of incorrect assignment is minimised. The derivation
of discriminatory models is described by Anderson (1958). Although
the method has been applied to many scientific classification
problemsh such as in biological and anthropometric research, little
evidence has been found in published work of use in personnel
selection investigations. The potential of the method is
undoubtedly considerable and many possible applications are likely

to be found in the problems of selection and placement.

2. The third method of analysis which has been extensively used
in this study, and which is probably the most conventional in
selection research, is Multiple Regression. A problem frequently
encountered with the method is whether any of the inany variables
available for prediction can be discarded as adding little to the
accuracy with which the regression equation estimates the dependant
variable., Advantage has been taken of an important contribution to

the method, presented by Beale, Kendall and Mann (1967), in some of

the analyses undertaken,

25. In the final stages of the primary investigation a combination

of Factor Analysis and Multiple Regression Analysis is used to
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facilitate the computation of regression statistics f'or data
including the large number of variables associated with annual
roports. ''his powerful combinution of techniques, described by
Harman (1967), results, not only in a more elegant structuring of
the data, but also in considerable computational savings, since
the task of inverting the correlation matrix is reduced by the
diff'erence between the number of variables and the number of
corresponding factors. In the secondary investigations, reported

in Volume 2, the use of a combination of Discriminatory Analysis
and Factor Analysis illustrates a further development of data

condensation techniques.

26. A more comprehensive review of the conceptual relationship
of multivariate analysis to the problems of selection, training

and career development is given in the addendum to Volume 2,
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CHAPTER 6

RELATED STUDIES

1, No record has been found of the publication of any follow-up
study on officers selected by the Admiralty Interview Boards, but brief
details of five studies, of which records are held in the Ministry of

Defence, are given below,

a, Vernon (1945)
This is a study of 170 Royal Marine officers selected on the

basis of nine consecutive Civil Service Commissioners!

examinations in the period 1938 to 1942, The correlations

shown in Table 6,1 were reported:-—

Entrance examination
order of merit

Entrance examination .34
mark for interview

plus record

Passing-out order of merit 55 | .05

General assessment by 07 | 420 | .35
GOCRM

Character assessment ~,01 | .38 | .25 1| .64
based on S200, first
2 years

Ability assessment based -s11 | .32 | .28 | .53
on S206, first
2 years

As (5), but second 2 -02 | .04} .11 | .63 | .43 | .38

years

As (6), but second 2 151 15| .19 | .67
years

(Note: Variables (5) and (6) - 98 observations; variables (7) and (8)

-~ 32 observations. )

TABLE 6.1
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Thus, in this group of officers selected by boards operating
under the "old-type!" or pre-war procedure, there was quite good
agreement between entrance—examination order of merit and
passing=-out order of merit, but virtually none with

later assessments. Interview-plus-record showed some agreement
with early annual reports but less with later ones.

Rodger (1945)

This fragmentary follow=-up of 10 cadets who, in their first
term at Osborne in 1919 were given an intelligence test by

Professor Spearman, gave the correlations shown in Table 6,2,

3

Intelligence test

First term examination
First term assessment
Present rank, 1944

= O N -

(Note: Correlations with variable 4 are tetrachoric, remainder
are rank, )
TABLE 6.2

On this very small sample the intelligence test, first term
examination and first term assessment all appeared to have

some predictive value for rank 25 years later.
Burt (1945)

In a follow—-up undertaken for the Noble Committee, Professor
Burt took samples of 63 Executive and 91 Engineer officers who
were selected in the Special Entry competitions between 1925 and

1029 and found product-moment correlations between entry

examinations and passing-—out marks as shown in Table 6.3

English (1)
General Knowledge (2)
Lower Mathematics (3)
(1) + (2)

(1) + (2) + (3) + Physics




Professor Burt concluded that written,entraﬁce examinations had
little predictive value for passing-out results of Executive .
officers but high value for Engineer officers. He also deduced
that the interview had low predictive value for both groups |
but the figures are not recorded, He found that, of those
promoted to Commander, Executive officers were "slightly

above average for Interview but little for written work",
Engineer officers were "somewhat higher than average for written
work and slightly higher than average for Interview'.

Vernon (1961)

In this study Professor Vernon followed up 60 Seaman officers
selected by five Special Entry boards between 19046 and 1943,

These were the first five boards after the procedure was
changed as a result of the Noble Committee recommendations.
This study is the only one on record in which an attempt has
been made to follow up officers selected by the new=type boards
beyond the end of their training, By the time of the study the
officers concerned were either senior Lieutenants or junior

Lieutenant Commanders.

Professor Vernon explored the use of superior officers!
assessments on "annual" reports as criteria. He had hoped to

use the last pair of reports rather than the whole series as a
basis for evaluating the predictions of earlier tests and
assessments but found the data very unreliable, He attempted

a subjective grading of written comments on the reports (variables

13, 15, 17, 19) but with no greater success.

The complete correlation matrix is given in Table 6.4.
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1 to 7 refer to the selection board

Variables

8 to 10 refer to basic naval training
11 to 19 refer to superiors! assessments on "annual' reportd
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The conclusions drawn were: -

(1) The non-verbal tests are more usecful than the verbal for

prediction of later performance.:

(2) The board-members marks pregdictle'd Dartmouth perf'ormance
moderately but the next training phase, HMS DEVONSIHIRE,
and later performance only patchily.

(3) Training performance shows pat"chy'correlat'ion with

later assessnmnents.

(4) The predictive validities should not be taken at their
face value as the selection ratio is very high, about
1'in L candidates being accepted. |

e. Cashen (1968) )
. Increasing shortages of candidates for commissions led to 2
‘further study of a more recent sample of entrants. Dr Cashen

used multiple regression analysis to derive predictor fermulae.
‘This was a "short-term" follow-up, to the end of the third year

of training. The formulae are now used when mérginal candidates
-are being assessed by the AIB,

The highest multiple correlations were obtained for third year
academic prediction, being .60 for Seaman/Supply and .50 for
Engineer officers and were based 61_1 "A" levels and Dartmouth

first year academic scores.

Multiple correlations for Dartmouth first year academic
prediction ranged from .54 to .30; the lower value was derived
for. a group of 97 scholars (Engineers), for whom prediction is
weakened by the lapse of time between tests/interviews, and
entering BRNC., First year academic prediction was based on a

variety of cognitive tests and on Board marks. Each element
in the successful formulae was significant at the 5% level, and
usually lower.

Board mark was found to correlate significantly with Dartmouth

first year non-academic criterion., In a group of 495 officers

of all three specialisations the correlation between the two

scores was o34 which is signifiicant at P .001.

Dr Cashen's study was the first to apply multiple regression
techniques to the assessment of RN officer selection, and

demonstrated not only their applicability but also the contribution
they can make to an understanding of the process and its practical
improvement.
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