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PREFACE

The design and construction of equipment for both basic
psychological research and applied purposes in occupational
selection and guldance, ergonomice, and training, is an
iaportant area that has hitherto received comparatively little
recognition. Apparatus is often taken very much for granted
as useful furniture affording some pasasive assistance in the
study of behaviour, but nevertheless remaining something
extraneous, that belongs more fittingly in the reslm of
mechanics.

Actually, the design and construction of testing
equipment, no less than its application, is very intimately
related to the measurement of psychological functions.
Behavioural results can be no more scund than the inatruments
and techniques employed 4n deriving them.

This dissertation attempts to make some contributions
of a twofold kind : Technological, comprising detailed
illustrated desoriptions of some original apparatus designa
by the writer, and Behavioural, comprising accounts of
research findings obtained with these, mainly on air-pilot
candidates for the South African Air Force, and African
industrial personnel.

A principal object in most of the designs, was the
utilitarian one of producing valid instruments for the
prediction of occupational suitability, but underlying this
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there was usually the intention that the instruments should
also de adaptable'for basic research purposes. While s few
are rather specific to occupational selection for Adrcraft-
pllotage, Air-traffic control, and Mine winch-driving, the
majority might be of wider interest.

Moat of the apparatus conziasts of sensory-motor tests
of various kinds, where the principal object is usually the
obeservation and measurement of directed suscular movements.
Of the others, three sets relate to visual-perception, where
motor responses are generally of slight or even negligible
importance; one is mainly concerned with the peasurement of a
temperamental function through the medium of visual-percoptiong
and two are devices for administering cognitive teats.



Brief Summary of Contents

In the introductory chapter, the general significance
of apparatus in psychology and the principles and practice
of its development are discussed,

Section I is devoted to mccounts of the technical
construction and experimental applications of five tests of
Co~ordination, a Steadiness test, and a complex Hand-foot
Reaction test, designed primarily for measuring the sensory-~
rotor skills of prospective air-pilots. All the tests were
found to have useful relisbhility, and in all there were some
measures that showed a significant relationship to success in
flying training. Two of the tests that involved very fine
patterns of muscular control, appeared to have the least
usefulness for predicting success in flying. In two tests
there was some evidence that the threat of physical punishment
for incompetence, in the form of moderately unpleasant electric
shock, improved the validity of a test in relation to a
physically haszardous occupation like flying.

In Section 1X, technical and rescarch details are given
of thirteen Sepsory-motor tests intended mainly for industrial
research and classification. Three of these are praferably'
called "Assembly" tests, as they involve both sensory-motor
skill and the ability to perceive three-dimensional form
relationas. Twelve of the tests showed useful reliability.



it was not possible to essess the reliability of one test as
it was given a5 e continuous task once only. Two tasta-éf
fine Implement manipulation correlated significantly with

a speeific factory job. The one showed some connection with
cortain physiological and temperamental varietes and also
proved useful as & situation for cobserving temperamental
behaviour. Results from the other indicated that (a) there
wore qd significent differences in the respective performances
of Africans snd Suropeans; (b) Good performers tended to
estimate their achievemont more realistically than inferior
performarn; (¢) Host Bubjectm were inclined to over-estimate
what they could actually achicve, and the over~-estimators
tended to be less reslistic.

Six simple gkill tests, requiring moderately fine
menipulation showed no validity for selecting operatives in
8 porcelain factory, which could partly have been due to the
lack of apecific and dependable criterie. Howevar; useful
information was gleaned on reliability, intercorrelations
between tests, effects of educational levol and'mental ability,
and differences in achievement attributable to differences in
sox and age. '

Three "Aeseﬁbly" tests discriminated well between certein
occupational categories of mine-workers, &nd showdd substan~
tial validity for winch-driver selection. Tws rather specific
Reaction teste alsc correlated significantly with winch-driving
" ability.

Diverse Sansory-moter activities, . relationshipe between
Senaory-motor teste, and between these and lMental teats.
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findinge from veriocus studies, the nature of the test sample,
.8peed, tompo, accuracy, and other m&tﬁers ot_praeticq1 or
 theoretical relevance in this field, are discussed in
Section I11. |

: Section IV deals with the construction and epplication

of three sets of Visual-perception apparatua.' The firat,
a Locus~estimation Test designed specifically for the
selection of ground-control interceptor ayerators in the
Air FPorce, shoved useful predictive validity, and as the only
practical test emong cthers of the written aoftg made. a
unique contribution to battery validity. The socond, &
Cancellation Timer, is a basic instrument intended for the
administration of various printed Cancellation tests., While
a test of Dots-cancellation spplied by means of it to air-
pilot candidates showed no validity as a measure of "sustsined
attention” in learning to fly, several findings of general
interest emerged from the data, among which the most signifi~
cant was evidence of parallelism in the performénce curves of
subjects who were initially ga@d,:hedian and poor. The
- third apparatus, a Dualepurpose "Fall" tachistoscope, is a
basic instrugent for presenting visval tests of (a) Speed
of Peraepti@n. involving the identification of stimuli moving
quickly ecross & restricted field, and (b) Span of Attention,
involvigg the identification of stationary stimuli expesed .
briefly. A test of the former did not relate to achievement
in flying, but a test of the latter correlated signifisantly
with achievement. ' |

Section V comprises the technical and research accounts
 of a device for obtaining meapures of Flicker-Fusion threshold.
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Although this function primerily involves visualeperception,
there is evidence that it might have wider significance,
particularly in the sphere of témperamontal measurement.
Very significant relationships were obtained betwsen the
critical fusion frequency (CFF) and the tendency to free
expreasion of emotion, and alnb succeas or failure in flying
training.

Two sets of apparatus, chiefly intended to provide
controlled practical situations for measuring ability in
various cognitive tasks of substitution or trial-and-error
leerning, are described in Section VI, Tests of paired-
associate learning by trial-and-error, administered with
thepse instruments, correlated significantly with certaip
flying-training criteria; a measure of Perseveration in a
substitution task presented on one of the instruments, also
showed sipgnificant validity. In addition to these results,
information was obtained on rate of work and errors, recall,
negative transfer, associative affinity, correlations with
other variates, and the respective performances of English-
speaking and Afrikaans-cpeaking groups.

In Section VII, certain prinociples, limitations and
edvantages pertaining to the use of practical tests in the
vocational selection of personnel, are reviewed and svaluated,

VI
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Reprinted from * Psychologia Africana,” Volume 10, 1963.

PsYCHOLOGIA AFRICANA, 1963, 10, 31-47 31

DEVISING PSYCHOLOGICAL APPARATUS
D. R. bE WET

Since the middle of the nineteenth century, when the application of experi-
mental methods to the study of human behaviour began to rival the well-gstablished
mental philosophy, this empiric approach to psychological problems which had
its inception as a confluence of philosophical speculation with the natural sciences,
has come to depend more and more on specialized apparatus for the acquisition
of its factual material. Indeed, it would be no exaggeration to say that without
apparatus experimental and much applied psychology could hardly exist, for
usually it is the only means whereby the investigator can control the main conditions
under which his subjects react, and particularly in the study of individual
differences, maintain a standard technique for all subjects.

Other advantages to be derived from the use of apparatus include the
presentation of stimuli by the observer only when he is ready to record the subject’s
responses accurately; the repetition of experiments under the same conditions by
either the same observer or others who wish to make an independent check on
his findings; the systematic variation of certain conditions while others are held
constant; and an objective measure of subjects’ behaviour which is generally of
greater scientific value-than personal assessment by the observer.

This objective measure of response can be either qualitative, quantitative,
or both. Quality is specific to a particular set of responses and there is no one
technique suitable for measuring it in all. On the other hand, quantity of response
lends itself to a standard procedure and can be measured either as the amount of
response in a certain time, or as the time taken to produce a certain response.
Time, variable or constant, affords a very versatile means of rating behaviour,
and in psychological research, instruments for measuring time are among the most
fundamental of all apparatus.

The earliest noteworthy applications of apparatus to the study of psycho-
logical problems were by physicists, astronomers, and physiologists, who very
sensibly borrowed from the older sciences whatever laboratory equipment could
be conveniently adapted to the new one. This was the start of the * brass-
instrument psychology ” of which William James disapproved so strongly.
Influences of its distinctive apparatus-genre persisted with undiminished vigour
until the late nineteen-thirties, and occasional-models, archaic in appearance, but
excellent in both workmanship and practical design, were still being produced by
a few conservative makers even after the Second World War. Boring (4; p. 354)
mentions that many older laboratories keep samples of Hering’s colour-vision
apparatus as show pieces, and that these ““ were beautiful specimens of German
manufacture and played their part in earning for the new science the name ‘ Brass-
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instrument psychology °.

Psychology, like every science, is greatly dependent for its progress on
developments in other sciences. Fechner’s earlier researches on basic electricity
(Brett, 6; p. 554) and likewise his knowledge of medicine and physiology must
have been of value to him when in 1838-1840 he began to concentrate on experi-
mental psychology. In 1838, Wheatstone’s physical inventions and researches.
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and must therefore be made. . Grings (15; p. 4) has aptly observed: “ Because it
will probably always be necessary to construct apparatus to fit specific research
needs, the machine and electrical shops occupy positions of central importance in
a psychological laboratory.”

There is hardly any modern psychological activity in which apparatus of one
kind or another does not play a significant part. Since Thorndike initiated
quantitative experiments on animal learning in 1897 (Murphy, 20; p. 237), the
demand for apparatus by animal psychologists has steadily increased, and although
many basic recording and timing devices used on human subjects are also adapt-
able to animal research, there is still the continual necessity to design and set up
equipment for specific research projects.

The social and ethnic departments of psychology, which have become so
prominent during the last decade, particularly in Africa, are making considerable
use of apparatus, mainly in the form of tests of individual differences suitable for
group administration and inexpensive reproduction. The duplication of apparatus
in quantity can be done most economically by commercial organizations equipped
for this purpose, but before contracts for such work are assigned, it is usually
necessary to evolve experimental prototypes in the laboratory.

A comparatively new area in which apparatus is proving its worth, is
“engineering psychology,” concerning the design of industrial and other equip-
ment with a view to making it efficient and safe for human operatives. Actual
experimental models provide the most fruitful method of pursuing what Fitts
(12; p. 1287) calls “ the study of man’s behaviour in using the mechanical devices
of our technological society.”

Other notable fields are clinical work and personnel selection. Even in a
collateral branch like statistics processing where most calculating equipment con-
sists of industrially produced types used in all the mathematical sciences, there is
also appreciable scope for the laboratory development of certain ancillary devices
having a more direct bearing on the treatment of psychological data.

Apparatus serves as a powerful research tool, yet it would be unwise to
assume that it provides a miraculous and infallible means of solving all the
problems encountered by the psychologist. In common with the mechanical tools
employed in its construction, it has limitations, and should be used for definite
purposes and in the correct manner. Dijinns of the calibre that emerged from
Aladdin’s lamp cannot be evoked by the manipulation of modern laboratory
equipment however cunningly contrived, and the research worker must simply
resign himself to the fact that there is No deus ex machina capable of rendering
him fantastic assistance.

Sources of information

From the purely practical standpoint, psychological apparatus can be grouped
into two broad classes, namely, standard equipment that is commercially available,
and that evolved to further particular investigations, and for which the call is too.
restricted to warrant production for the open market. Difficulty is seldom
encountered in obtaining information about the first class as manufacturers issue
catalogues, brochures, etc., covering things in current production. The second
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Another type of work on applied physics, which is rather a treatise or dis-
course than a textbook in the accepted sense, yields fewer immediate returns to
the searcher after practical ideas, but has considerable worth as “ background
reading. An example is Whitehead (29) who discusses errors resulting from faulty
elements in precision mechanism, and their relation to some general principles of
design.

There are, then, numerous auxiliary ramifications of technical knowledge
linked either directly or indirectly with the development of scientific apparatus,
and Wilson (31; p. 70) describes the situation well when he says: “ The born
experimenter takes pleasure in learning his business and avidly picks up scraps
of information about techniques, components, and methods wherever he can find
them.” Sometimes he may be faced with a problem so highly specialized that the
relevant literature is either not easily obtainable or difficult to understand. - The
obvious alternative is to consult a person who is likely to know something about
‘the matter—preferably an expert.

Apart from the transfer of specific knowledge that it effects, conversation can
sometimes quite adventitiously give the designer a completely new perspective and
sudden insight on other problems besides the one that has currently engrossed his
attention. Expert opinion is not always imperative to induce this happy con-
catenation, and the ideas of non-technical people on certain aspects of design are
by no means to be despised. As G. K. Chesterton has noted, “ the last lesson the
wise man learns is that the fool is sometimes right.”

Design and constructional procedure

In evolving psychological apparatus, even in fields that have already been
surveyed, it is hardly ever possible to start off by preparing sets of meticulous
plans and specifications, although obviously the more intelligent foresight that can
be brought to bear before construction starts, the better. James Watt, the
distinguished Scottish inventor, is said to have maintained that a new device gets
born on a workbench, not on a drawing-board, and this canny paradox will
probably remain valid until man ceases to be a “ tool-making animal.”

Although there can be no complete lay-out in advance after the manner of an
architectural drawing, it must not be assumed that the designer, at the first flash
of inspiration, puts a piece of metal in the vice and attacks it furiously with a
hack-saw. Before an attempt is made to give any part of the concept a three-
dimensional form, a considerable amount of rough sketching and figuring usually
takes place in a notebook, or on the backs of envelopes and match-boxes, margins
of newspapers, table napkins, and other materials requisitioned for their ready
~availability rather than for any intrinsic virtue conducive to good calligraphy.
The activity of brooding and gestation does not end when construction starts, but
recurs frequently throughout the whole process whenever problems arise and
modifications in the original scheme have to be introduced as possible ways of
solving them. Meanwhile the designer’s scrap-boxes acquire new contributions
of discarded material (very likely thrown in to the accompaniment of maledictions)
and his emotional tone fluctuates erratically between the nadir of dysphoria and
the very pinnacle of optimism when another bright idea presents itself. This kind
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brass costs more than mild steel, but can generally be machined and finished more
easily and is therefore preferable for many components. Contrary to popular
belief, a hard, expensive wood often means less trouble to the workman than
something softer and cheaper which cuts more -easily, but is more prone to warp
and split and may require special reinforcing, to say nothing of the difficulty in
securing a presentable finish.

As research findings can really be no more meaningful or precise than the
apparatus allows, a fair sense of proportion with regard to the necessary tolerances
in workmanship should be maintained. Some measure of accuracy is always
desirable, and certain things have to be very accurately made for proper func-
tioning, but it is uneconomical to strive after high precision when a more moderate
level will meet the requirements,

Often the successful operation of an apparatus will depend on the practic-
ability of some central principle, and it is good policy to assemble and try out a
rough elementary model of just this concept to determine its soundness before
starting work on the rest. By this means the costly mistake can be avoided of
doing much involved construction work on other parts that will prove worthless
if the basic principle constituting the nucleus of the apparatus cannot be made to
operate as planned. Having established that the main idea will work, it is fairly
safe to proceed with the construction of the actual prototype, but in the case of -
complex apparatus there may still be considerable uncertainty about other points,
and more detailed extensions of the rough-and-ready pilot model are to be
recommended. '

As the apparatus progresses, tests should be conducted at certain stages to
ensure that the physical relationships are being kept in order, and that there is no
marked deviation from the desired psychological objectives. Some apparatus
cannot be tried out until it is pretty well complete. In other cases it may be
possible to make trial applications of a sort during construction, and the sooner
this can be done, even on a few subjects, the better, because the further the con-
struction has advanced, the more difficult it becomes to carry out modifications.

Simplicity is an ideal to be sought in every design. Unnecessary complexity
is a curse, partly due to muddled and immature thinking, and partly to conditioning
in an age notable for the indiscriminate worship of * gadgets.” As Grings (15; p. 3)
says: “ The more complicated the instrument becomes, the more subject it is to
errors of various sorts; and the more complex it is, the more likely it is to be used
incorrectly in a situation for which it was probably not designed.” The smallest
number of moving parts conformable with achieving the required function, and
these of the plainest and most straightforward pattern, will greatly assist the con-
struction process, make for consistent efficiency in operation and reduce the
amount of irksome maintenance.

Another very desirable quality in any apparatus is that all the mechanism
should be readily accessible for adjustments, cleaning, replacement of defective
parts, or modification. Today, some industries are inclined to overdo the * sealed
unit ” type of construction, for three reasons. Firstly, this system is usually well
suited to cheap mass-production; secondly, “style” and “sales appeal” must
often have priority over utility; and thirdly, it is in the interests of manufacturers
that the consumer should purchase an entire new unit rather than repair a defect
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and Wilson (31) treat it more concisely, and the latter (31; p. 107) sums the
situation up when he says: “ Mastery of the simple principles involved permits
highly precise instruments to be built by an amateur.”

Where mechanism in psychological apparatus has to be actuated, there are
only four “prime movers ” that merit consideration, namely, electricity, direct
muscular power, spring clock-work, and gravity. Electricity is most convenient
for laboratory work, and in other localities equipped with a permanent current
supply, but it has disadvantages when this amenity is lacking and heavy batteries
have to be transported and somehow kept charged.

Direct muscular power cannot be relied on when uniformity in the rate and
quantity of the output is important.

The spring clock-work system, if properly constructed, can be very depend-
able and is better than the electric motor for apparatus that has to be really
self-contained and conveniently usable in places remote from electric power
supply. However, it will drive only comparatively light mechanism, and a con-
tinuous run on one full winding of the mainspring is of a certain limited duration.

Gravity is a source of power that is available to everybody, anywhere on
earth, at all times, costs absolutely nothing, and for all practical purposes is
wonderfully constant. The only creatures temporarily deprived of this universal
force are passengers in capsules orbiting through space—but then it is accepted
as an immutable natural law that those who would savour the pleasures of travel
must endure certain inconveniences.

Gravity has been successfully applied to work a large variety of psychological
apparatus, including fall-tachistoscopes and other exposure devices, chronoscopes,
audiometers, and tests of visual co-incidence reaction, pursuit and other co-ordina-
tion. An outstanding specific example, which also conforms well to the ideal of
simplicity in that it has few moving parts, is a method for measuring simple
reaction time devised by Piéron (21) in collaboration with his assistant Boivin.
A ‘vertical metal rod in a stand falls freely when the observer releases a catch,
and the subject has to check its fall by reacting on another catch. The distance
of fall is read off on a scale, and his reaction time would be given by the formula
T = v/2D/G, where T is time in seconds, D is distance of fall in either centi-
metres or feet, and G is the acceleration due to gravity (980 cms. per second or
32 ft. per second).

In a simple and effective exposure apparatus which he called a * serial
discrimeter,” Seashore (24) used the principle of an elementary escapement system
in conjunction with a weight and cord round a reel. The idea has many possi-
bilities for application to other equipment.

A drawback of gravity-operated devices is that they sometimes have to be
rather bulky, but this may well be outweighed by the advantages of cheapness,
ease of construction and reliability in use.

Mechanical wear—harmful and helpful

The satisfactory functioning of a mechanism depends very much on the
retention of proper constraint between moving or removable parts. When one
surface rubs against another, there is an abrasive action that removes material and

9



DEVISING PSYCHOLOGICAL APPARATUS 41

disc of glass is ground on another with a motion that is both to-and-fro and rotary,
the lower stationary disc being worn convex and the upper disc, concave. The
technique is well known to all amateur telescope builders, and described in
Matthewson (18), Strong (26), and Wilkins and Moore (30). .

These self-correcting methods of construction have the great advantage that
the achievement of accuracy depends more on the process itself than on the
proficiency of the workman.

Useful industrial stock

Of the many excellent commercial products having useful applications in the
construction of psychologicél apparatus, and which it is generally either impossible
or uneconomic to build in the laboratory workshop, the following are a few typical
examples.

“Meccano ” and similar construction kits on the principle of perforated
metal strips, angles, and plates can be used for numerous experimental purposes
and enable the designer to work in three dimensions at the very start of a project.
Most “ Meccano ” parts are made to quite fine limits of accuracy, and some of
them, particularly the gears, are solid enough to be incorporated in permanent
apparatus. ' _

“ Handy-angle ” is similar in principle to the “ Meccano ” angle-piece, but
of thicker steel, much larger in cross-section (13” X 13’’), and perforated with
longitudinal slots. The makers also supply a standard gusset plate and bolts and
nuts, which are very convenient. Structures from this material can be light, neat,
and strong, and if increased rigidity is required, the joints may be welded. It
has wide applications in the laboratory, and serves equally well for purely
experimental models or final versions.

Another way of constructlng frames and stands etc., is on the tubular system,
using pipe-stock and fittings in either steel or alumlnlum

Clock-mountings, control-boxes, and bases for all sorts of both electrical and
mechanical assemblies, can be made from blank steel radio chassis available in
different sizes and formats; the use of such ready-made cases cobviating the need
for many hours of tedious sheet-metal work or cabinet-making.

Threaded brass or steel rod of various lengths and diameters to take standard
nuts is sold by the bigger hardware stores. The quality is perfectly adequate for
most purposes, and the cost almost negligible when compared with the bother of
cutting long threads 'with hand dies or on a laboratory' lathe.

Two types of industrial bearings most suited to psychological apparatus,
where mechanism as a rule is not very heavy, are plummer-blocks and ball-races.
The neatest and lightest plummer-blocks have bodies of die-cast aluminium and
porous-bronze bushes. Self-aligning ball-races, although somewhat more expensive
and bulky than the plain sort, present fewer difficulties in mounting.

Loose steel balls continue to be of value to experimental psychology as stimuli .
in tests of perception and sensory-motor capacity, and in other ways, such as the
construction of special knobs, handles, and universal couplings. For the latter
purposes it is necessary to fit stems or other fixtures rigidly to the balls, which
can be done by soldering, brazing, or welding, but more satisfactorily by drilling

9
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practice here to enclose as much as possible, particularly movements like belts,
gear-trains, and sprocket-drives, and furthermore, round off sharp corners and
other projections that might inflict minor scratches and bruises, tear clothing, or
even be just tactually uncomfortable and offensive to the. aesthetic sensibilities.
A point to note is that enclosure need not necessarily interfere with accessibility.
By the judicious use of hinged doors or easily removable cowls or panels the -
mechanism can be made readily accessible when-required.

Discretion is always to be advocated in the use of sheet glass, which is a
potentially dangerous material in any locality.

Handles and other controls to be operated by the observer should feel com-
fortable and work easily, and the same holds for those to be operated by the
subject, unless the contrary is required for some definite research purpose. When
it is not expressly intended to incorporate the influence of sheer physical fatigue,
this element must be kept under proper control. The necessary output of energy
in performing the task should be well within the power of the weakest subject.

If the observer’s controls are few and simple, and all switches, knobs, etc.,
arranged in the logical sequence in which they will be used or according to some
pattern of obvious relationships, there is less to distract attention from where it
most properly belongs, namely, observing the subject’s reactions.

The mere appearance of an appafatus can exert considerable influence on
the subject’s mental comfort, which is very noticeable in children, and to a lesser -
but still marked extent, even among sophisticated adults. The small, simple, and
neat arrangement looks innocuous and encourages friendly co-operation; the large,
complex, ugly machine appears ogre-like, or what Jack London would have called
“ pregnant with hurtfulness "—and repels. In the absence of a definite intention
to promote unrest by the formidable appearance of the equipment, this back action
effect, which at the best of times can never be a consistent, reproducible quantity,
had better be kept subdued. Increased adaptation and familiarity during the
progress of testing can be expected to reduce it, but not to a standard degree for
-all subjects. Concerning back action, Davis (10; p. 393) wrote: “... it is almost
as though the experimenter is turning on a light to see what the darkness looks
like. It must be the experimenter’s goal to disturb the response as little as possible
with his paraphernalia of measurement.”

Apparatus tests of individual differences

The elaborate psycho-physical techniques of the early European psychology,
characterized by an intensely detailed study of isolated phenomena on a few
subjects, has been largely supplanted by the study of individual differences,
originally founded by Galton. This involves measuring the traits of larger numbers
"of people and intercorrelating the results to determine the extent to which there
is a general tendency for one trait to be associated with another.
, The psychologist investigating individual differences is more concerned with
relative than absolute measurement. Provided the units he uses remain constant
for all the subjects in his investigation, it makes no difference what they are or
how closely they approximate to any conventional scientific units. For example,
if Pieron’s (21) “ Chronoptdscope ” which was mentioned earlier is being used for

13
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Most of the main principles and techniques in selection work concerning the
development, validation and routine application of pencil-and-paper tests, are
equally relevant to apparatus tests, and the literature devoted to these matters is
among the most extensive in modern psychology. A concise, overall treatment
is given by Bechtoldt (3).

Whether the test intended mainly for selection purposes will involve
“ apparatus ” or not, the ideal should still be a twofold one of devising something
which will give the maximum correlation of validity with the occupational criterion
and also be reasonably identifiable in terms of some factor or set of factors; for
in addition to the utilitarian purpose of evolving a reliable aptitude test to predict
the candidate’s suitability for certain aspects of a particular occupation, there is
the important object of hoping to further the study of behaviour as an inductive
science.

Conclusion

The design and construction of psychological apparatus can be systematized
to some extent, but success also depends on ingredients that cannot be prepared
by any stock formulae, such as the correctness of hypotheses in the light of known
facts, and the evolution of the best compromise between the instrument and the
end. The same would apply to the production of apparatus in any science.

When the designer feels himself handicapped and discouraged through his
lack of proficiency in some specialized skill, there is consolation to be derived
from a view expressed by Wilson (31; p. 120) which is typical of his acute practical
insight: “ Some experimenters succeed because of their magnificent technical skill,
combined with adequate qualifications in other directions. Such skill is of very
great importance, and is certainly worthy of cultivation, but in many cases its
necessity can be avoided by intelligent design.” .

The ability to 1mprov1se—to make do with available resources and overcome
difficulties boeremanier or pioneer fashion when conventional methods cannot be
applied, is perhaps the most valuable single asset in apparatus design and, in fact,
all research work.

-

Summary

1. In psychological research, apparatus is a useful but not a miraculous tool
for controlling testing conditions and making objective measurements.
There is the continual need to devise special equipment for use in all
branches of modern psychology.

2. Some examples are given of the designer’s main sources of information.

3. Practical procedure often involves trial-and-error, and always the necessity
for compromise between the physical means and the psychological end.
Other significant points are the ability to apply concepts that have proved -
successful elsewhere, the hypothesis, economy, accuracy, the pilot model
and the final prototype, simplicity, accessibility and portability.

4. Elementary mechanical rules must be observed. Kinematic or geometric
design can provide the solution to many problems. Sources of power
for driving apparatus are compared.

15
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SECTION I

SENSORY-MOTOR TESTS  INTENDED MAINLY

FOR__AIR-PILOTS
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SECTION 1

Introduction

Air-pilotage is a vocation in which success depends not
only on mental and temperamental attributes, but also, to a great
extent, on practical skills, among which the following have come
to be regarded as iaportant (-

(a) Co-ordination ¢ Directed muscular activity requiring the
harsoniocusly integrated movements of several parts of the body;
more specifically, the ability to use the hands, or the hands
and feet, simultanecusly, and without comflict. '

(b) Distribution of Attention : The ability to make adjustive
sovenente in response to seversl simultaneous stimuli, without
becoming confused or concentrating unduly on sozme, sc that others
are nsglected.

(¢) Anticipation : The ability to judge the timing and amplitude
of motor responses to allow for the inertia factor involved in
objects that are moving.

(d) Smoothness of Movement : The performance of manual and/or
pedal movements without roughness or jerkiness.

(e) Steadiness : Good musculsr control, particularly under stress.

(f) Multiple Choice Reaction ! Speed and efficiency in firstly,
acquiring a seriea of senmsory-motor habits, and secondly,

applying them.

19



Five teats of Co-ordination, a Steadineses test, and a
complex Hand=-foot Reaction test, are dealt with in this section.

"Floating-effect", is a Two~hand Co-~ordination test of the
pursuit or automatically-paced type, specially designed to
provide, in miniature, some of the genuine "feel" of actual
air-craft control. In addition to Co-ordination, it is well
loaded with Anticipation, Distribution of Attention, and Smooth-
ness of Movement,

"Handlebars", a self-paced test of Two-hand Co-ordination,
requires both co-ordination and very fine muscular control.

The Variable Co-ordination test, alsc self-paced, affords
8 large number of co-ordinative combinations between the limbs,
but so far only the full combination of both hands and both feet
has been investigated,

The Specific Arm-leg Co-ordination test for airepilots,
wvhich had its origin in the Aptitude Tests Section of the
S5.A.A.F., during World War II, is of the pursuit type and
simulates certain basic controls of a&n aircraft cock-pit.

The Roundabout, a complex purauit test, was devised as a
radical departure from the sedentary type of test usually applied
to air-pilots. It involves co-ordinmtion of most of the body
musculature, and also Kinaesthetic factors, Distribution of
Attention, Anticipation, Flexibility in reacting to sudden
changes of "set", and Smoothness of Movenment.

Steadiness of hand, under both normal and strassful
conditions, is messured by an apparatus basically similar to an

20



earlier war-time prototype, but of improved technical design.

In the Hand-foot Reaction test, which also has & war-time
background, the cendidate must first acquire the habits of
moving the correct controls in response to certain signals, and
then react quickly and accurately for a continuous period in
acoordance with these habita. The initial part of this test
is mainly cognitive; as it requires trial-and-error learning.

21
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CO-ORDINATION AND FLOATING EFFECT
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During the Second World War, the in-
crease of mechanisation in combat and
industry caused emphasis to be put on the
co-ordinative aspects of the motor-skills
exacted from operatives.

This had particular reference to the more
complex occupations fraught with hazard to
valuable equipment and human life, of which
aircraft-pilotage was (and still remains) an
outstanding example.

Various tests of co-ordination for air-pilots
were developed in the applied research units
of most combatant countries, including the
Aptitude Test Section of the South African
Air Force under Lieut.-Col. Biesheuvel.

Some were based on existing tests of co-
ordination like Moede’s Two-Hand machine
on the principle of the compound lathe-slide
and the Koerth (1922) Pursuit-rotor; at least
one, the “Carl Heinrich” Two-Hand machine
used by the United States Army Air Force,
was a hybrid combining the essential features
of both the foregoing. Others had the addi-
tion of a pedal-response section and some-
times included supplementary distraction

stimuli to further augment verisimilitude in

the laboratory situation.

Complexity was carried to the extreme in
one machine devised in the Aptitude Test
Section of the S.A.A.F. Known as the Dis-
tribution of Attention Apparatus Mark IV,
it incorporated three pedals, five hand con-
trols and both visual and auditory distrac-
tion. The task was a continuous “pursuit”
type and starting off with just one control
it could be made more and more difficult
by switching in successive combinations until
the subject reached his limit of integrated
co-ordination.

Most of these tests, notwithstanding the
wide diversity of their individual design,
have a common physical element which is
one of several factors distinguishing the ex-
perimental set-up from actual flying con-
ditions, viz.,, movement of the controls
produces a direct and rigidly prescribed
mechanical response by the machine.

In contrast to this, when an aircraft travels
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as an isolated solid entity through a fluid
and elastic medium such as air, the trans-
mission of control becomes ‘“cushioned,”
there is greater latitude in mechanical re-
sponse and some measure of inertia, which
collectively evoke a very different pattern
of potential kinaesthetic expectation and re-
action on the subject’s part. Thus the rela-
tionship between the aircraft in flight and

its controls is not simple and direct like

that between a motor-car and its steering
wheel.

The greater sensitivity of aircraft response,
coloured as it is by the peculiar nature of
the “drift” or inertia in a “free-floating”
body, demands some other kind of judgment
to avoid over-control and over-correction.

Finally, there is the significant considera-
tion that this shall function in more than
one plane simultaneously.

As a broad “working” definition of all
these cumulative influences, the term “Float-
ing Effect” is suggested. From the behavioural
standpoint it is largely absent in steering a
land vehicle but prevails on one plane in ves-
sels traversing the surface of the sea, becomes
salient on two planes in submarines pro-
ceeding along below the surface, and assumes
extreme prominence in the case of aircraft
dependent on continuous motion for suspen-
sion in an attenuated fluid like air and having
of necessity to be dirigible in three planes.

Although this phenomenon did not receive
nearly the amount of attention it seems to
have merited, nevertheless investigators were
not entirely oblivious, as is evidenced by its
inclusion in equipment such as the Link
Trainer, the Rudder Machine of the A.T.S,,
and a “Triple Tester” designed by the Cam-
bridge Psychological Laboratories.

The possibility of duplicating the actual
flying situation to the extent of propelling
the subject at speed and in true aerial sus-
pension within the confines of an average
room by some expedient like a miniature
helicopter, is beset with insurmountable
practical difficulties. But this limitation is
not without advantage, for the copying of
actuality in the test situation, when carried
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beyond certain bounds, may stultify a major
purpose of the research which seeks to
identify the factors involved in flying. If the
test is made nearly as complex as the “real”
thing, a similar obscurity may tend to persist
over both.

One apparatus which attempted a com-
promise between ‘“test” and “reality” was a
Link Trainer fitted with special pendulum
recording mechanisms and used in the South
African A.T.S. during the latter part of the
last war.

As the actuation principle used on the
Link, as well as its control transmission, is
almost entirely through the medium of com-
pressed air expanding in a system of bellows,
a good proportion of the “Floating Effect”
experienced in actual flight was successfully
reproduced. The main disadvantages of the
machine were the excessive amount of space
it took up permanently and the fact that its
close approach to “reality” in other complex
detail and ‘“‘gestalt” mode of operation
detracted from its usefulness as an analytical
instrument.

To supply the need for a more controllable
test situation of this “drift” or “Floating
Effect,” a device called the Rudder Machine
was developed in the A.T.S. It utilised the
principle of a swinging beam. Equilibrium
was disturbed continuously by a motor-driven
weight and counterpoise had to be accom-
plished by another moving weight coupled
with wires to a pair of pedals operated by
the subject who did not have the beam itself
in his field of view, but interpreted its move-
ments in terms of a single spot of light
drifting across a large screen.

The Rudder Machine had three disad-
vantages:

(1) It was cumbersome and took up a
great deal of floor space.

(2) The activity was restricted to one
plane only.

(3) Excessive friction and variability
could never be eliminated from the
cable mechanism of the compensat-
ing weight.

A most ingenious little Pursuitmeter,
known as a “Triple Tester,” was produced
in the  Cambridge Psychological Laboratories
during the last war and Prof. Sir Frederic
Bartlett very kindly presented a specimen
model to the South African A.T.S.

23
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This device secured “Floating Effect” (in
one plane only) by means of a mechanical
gear transmission and a variable friction-
clutch between the subject’s control-wheel
and the cursor which had to be steered to
follow a track of dots on a rotating drum.
The cursor was motivated through the trans-
mission by a separate electric motor. Control
of speed and direction by the subject was
through the friction-clutch only.

The resultant “Floating Effect” proved
very successful, but a serious drawback was
the play and backlash in the complex trans-
mission. Allowing, of course, for the model
at that time being still to some extent in
the prototype stage, a lot of this would no
doubt have been overcome later by more
rugged and accurate construction, but a
completely reliable version of such mech-
anism would entail much slow and expensive
precision work. Furthermore a separate
clutch system would be necessary for any
additional plane of operation.

The Floating Effect Test.

In the light of the foregoing, the apparatus
to be described here attempts to provide a
compact and moderately difficult co-ordina-
tion activity stressing the kind of judgment
required in controlling and compensating
sensitive movements in a task where a major
consideration is the subject’s allowance for
those physical factors (in totality to be called
“Floating Effect”) which interpose between
himself as the gubernative organism and his
direct attainment of some definite psycho-
motor ideal.

Although designed mainly with a view to
air-pilot selection, the principle may have a
wider applicability to other occupations. If
the “Two-hand” form is thought too limited
for pilot testing or other purposes, then a
modified machine having both hand and foot
sections and mounted on an upright floor-
stand should be quite feasible.

Mechanical Principle.

The “Floating Effect” test (Plates 1 and 2)
distributes activity on two planes in a simple
mechanical manner, moving parts being
rugged and restricted to the bare minimum.

All main bearings (Plate 2, Figures 4 and
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7) are such that the thrust is downwards )
that wear will not produce ‘lost-motion” in
operation. - :

The stimuli consist of two 'large steel balls
running on respective sets of bars at right-
angles to each other. (Platé 2, Figures .1,
2 and 8) I

This orthogonal framework pivots on a
gymbal and through a rod' and- universal.

joint (Plate 2, Figure 9) is motivated by a
constant-speed electric motor at two revolu-
tions per minute to describe 4 steady ‘swash.
plate” movement. ,

The structure of motor housmg and frame-
work is mounted in an outer set of large
gymbeals.

middle sections of their respectlve sets of
bars where there are strips of insulating
material. (Plate 2, Figures 1, 2 and 8.)

/

Electrical Circuit (Plates 1 and 3).

As a matter of convenience, the control
panel is a separate table-unit (Plate 1).
Recording is done on two “Standard” elec-
tric clocks (minutes and ‘seconds) having

“clutch systems of suitably low voltage for

By manipulating a pair of: handles (Plate .

2, Figures 1, 2 and 5) attached to-the motor
housmg, the subject has to keep the frame-
work level in two planes against the action

" of the motor which causes a contmuous-'

disturbBance of the level.

The criterion of “levelness” is that the

steel balls should always be balanced at the

(
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exposed - circuits (Plate -3).

30

The balls, in conjunction with their sets .

‘of bars, act as simple switches in series with

the clock clutches, and continuity is broken
while . they remain on the insulated sections.

Both clocks record total time off the criterion -

in a run of standard duration, one through
the fore-and-aft bars, and the other through
the lateral bars.

-The’ dr1v1ng motor is a  “Klaxon™ Type
EMSCBI M21, continuous rating with perma-
nent capacxtor .
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Technique.

On this test subjects work standing. The
machine rests on a table so that its handles
project over the edge and the control panel
is placed well to one side.

A standard starting position is kept for
each trial: Left wing down and tail down,
the handles being straight and “neutral.”

Instructions to the subject are as follows:

“This is a test of your ability to control
and compensate sensitive movements in two
planes.

“Using these handles, you have to keep
the framework level, so that the steel balls
remain on the black strips at the middle
parts of their tracks.

“Whenever you allow the steel balls to
run off the black strips, error will be recorded
against you. So when they run off bring them
on again without delay.

“Concentrate on keeping both balls on the
black strips by watching the framework to
see in which direction it is tending to tilt
so that you can anticipate the correct control
to keep it level.

“You have three trials of three minutes
each. When I give the word to start, bring
the balls on to the black strips as soon as
you can. Ready? Go!”

Experimental Application.

The test was administered to pupil-pilot
candidates for the South African Air Force,
the main objects of the investigation being
as follows:

(1) To get some indication of “Float-
ing Effect” test reliability.

(2) To obtain a tentative validation with
the several Flying Training Criteria.

(3) To sound its potentiality as a pre-
dictor simply of success or failure
-on a course of Flying Training.

Follow-up on the training criteria was
possible on 25 subjects who qualified in a
1952 group and 33 in a 1955 group.

In the former there was no available data
on Formation Flying and in the latter none
on Number of hours dual flying necessary in
each case before the pupil was permitted
his first solo flight.

The various criteria are based on instruc-
tors’ reports containing their percentage
estimates of pupils’ performance in the several
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branches during training and on placement
in the final “Wings Test.”

“General Flying” is a unitary assessment
of the pupil’s all-round capabilities before he
embarks on the “Wings Test” and can be
regarded as a close pointer to his final per-
formance.

It happens almost invariably that certain
pupils are suspended from the course. This
may be done for several reasons, such as
medical unfitness which has developed during
training, at the pupil’s own request, because
of inability to master the ground subjects, or
most likely on account of some persistent
deficiency under actual flying conditions
which in the instructors’ opinion precludes
him from ever making an acceptable pilot.

This latter class of suspensions especially,
affords a wuseful additional -criterion for
assessing the value of the test as a predictor
of successes and failures by the biserial
correlation method.

Suspensions for flying incompetence were
4 in 1952 and 11 in 1955, thus for the
biserials the groups are 29 and 44 respectively.

Both groups were originally sections of
larger samples (Table 1) who did a number
of standardised tests both “intellectual” and
sensory-motor on which recommendations
for acceptance or rejection for flying training
were based. “Floating Effect” played no part
in this selection and was included in the
battery only for experimental purposes.
Nevertheless, since it must be assumed that
both the standard test battery and the addi-
tional hurdle of a selection board have some
validity, it is apparent that the validation of
the “Floating Effect” test must be viewed
against a backdrop of curtailment.

Table I
DERIVATION OF SAMPLES

1952 1955
Applied for flying course .. 67 169
Accepted for training .. ... 30 51
Suspended from training (all
FEASONS) e coe e eoere e 4 17
Suspended for poor flying
ability . e e 4 11
Completed course successfully 26 34
Number of latter who did the
Floating Effect test ... .. ... 25 - 33
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Results and Discussion.

It was unfortunately not advisable o pool
the two groups as their respective means and
S.D’s (Table II) were significantly different.

The more heterogeneous 1952 group with
the large S.D. showed a superior mean per-
formance and the total of 29 subjects with
an average age of 17.74 years ranging from
16 to 19 is made up as follows:

In addition to matriculation
Spare-time work with a radio

firm o e e o 1

Radio transmitting experience ... 1
; Electrical apprenticeship ... ... 1
Technical (N.T.C.II) qualifica-

1 o) 1 1O 1
One year at university ... ... ... 1
Clerical work ... e i e e 2

Instead of matriculation
Technical (N.T.C.III) qualifica-

TONS o i e e e v e e

Matriculation only .. . e e 21

The more homogeneous 1955 group with
the small S.D. showed an inferior mean per-
formance and the total of 44 subjects with
an average age of 18.27 years ranging from
17 to 21 is made up as follows:

In addition to matriculation

Technical (N.T.C.I) qualifica-
tions and a radio diploma ... 1

Apprenticeship in Aero Design 1
Clerical ‘work

Matriculation only

On these small samples there was no
indication that technical, clerical or post-
matriculation experience as a whole in-
fluenced performance on the “Floating Effect”
test.

“Technical” subjects were below the group
mean in 1952 and above it in 1955. “Clerical”
subjects tended to be average within their
groups. .

The largest proportion of subjects in both
groups had no post-matriculation experience
and the respective means of these two
sections came to 54 for 1952 and 73 for

1955, which do not differ significantly from.

" the total group means in Table IL
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Table II

MEAN FLOATING EFFECT ERROR SCORES
FOR SUBJECTS IN EACH GROUP

(Including those later suspended for flying -
incompetence.)

Floating Effect | 1952 Group 1955 Group
Mean (Error) 55 72

N. 29 44

S.D. 15.878 10.436

The difference between the two means is significant
at .1%.
The F-test shows that the S.D. difference is
significant at 1%.

It is unlikely that the significant difference
between the means in Table II is due to arti-
facts such as wear or maladjustment in the
apparatus which could have made the test
activity more difficult for the latter group.
Any variation caused by slight spark-
corrosion of the balls and bars through
previous use, would on the contrary have
made the task spuriously easier for the 1955
group by reducing the sensitivity of error
recording.

A lower average age may have had some
bearing on the superior performance of the
1952 group.

The proportion of suspensions (for all
reasons) from Flying Training was 13.3%
in 1952 and 33.3% in 1955. By the Chi-squares
test this difference is significant at the 8%
level, which suggests some flexibility in the
criterion. It is of interest that the group
with the high percentage suspension had the
significantly inferior mean performance on
“Floating Effect.”

In Tables IIIl and IV giving the Product
Moment correlations between “Floating
Effect” trials separate and combined and the
Flying Criteria, the samples are of necessity
small and the results should not be regarded
as more than indications of general tendency.

Correlations are probably depressed to
some extent through the effect of training
that has smoothed away a certain amount of
individual difference where the test might
otherwise have shown its discrimination.
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Table III - o :

PRODUCT-MOMENT CORRELATIONS BETWEEN TEST TRIALS AND CRITERION

(Decimal points omitted.)

1952 GROUP. 25 SUBJECTS,

Floating Trial Trial Trial Trials Worst  of

Effect 1 2 3 1,2 3 1, 2, 3

Wings 44 21 27 36 39

(}fi‘y‘f;{gl‘ . 36 22 38 34 30

Toght 27 20 48 29 -z

Navigation| 7 02 32 08 09 '
s Rl e | oa | os | om | ow

ISivument| 39 By, 35 28 3

Less than 32 is below the 109% significance level.
38 to 45 falls between the 5% and 2% significance levels.

PRODUCT-MOMENT CORRELATION

Table IV _
S BETWEEN TEST TRIALS AND CRITERION

(Decimal points omitted.)

1955 GROUP. 33 SUBJECTS.
Floating Trial - 'Trial Trial Trials Worst of
Effect 1 2 3 1, 2, 3 1, 2,3
Wings 26 18 15 29 30
GF‘i‘y‘f;{gl 32 16 03 20 34
g‘yﬁgtg 1 02 ~10 05 13
Nal\:ii};giibn 28 30 28 31 31
Formation | 3 02 06 2 5 |-
I“;};;‘:;em 26 28 13 25 28

" - Less than 28 is below the 109% significance level.

More than 32 is significant at the 59% level. ’ ‘

The “Worst of three trials” was included
on the hypothesis that a measure of the sub-
ject's lowest limit of proficiency might be
important in relation to his performance in

flying training. But the -present samples are
too small to warrant any conclusions on this
point. There appears no significant difference
between the “Worst of three trials” and the
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first trial because the first is usually (though
not invariably) the worst.

With the exception of Pilot Navigation, the
correlations for the more heterogeneous
group in Table III show, as could be expected,
a tendency to be larger than comparable ones
for the more homogeneous group in Table IV.

On four of the five variables and Pilot
Navigation there is a reversal of this expected
pattern, and although none of the differences
between corresponding items reaches the
15% level of significance, nevertheless their
recurrence along four cells in the row looks
too consistently anomalous for chance fluctu-
ations. If it is permissable to treat -this as
a case of compound probability, then the
significance approaches the 10% level.

A careful re-check of the raw data revealed
no errors in coding.

The correlations between Trial three and
Night Flying (48 in Table III and —.10 in
Table IV) are significantly different at the
2% level. It is possible that supervenient to
any compositional disparity between the two
groups, a change in flying training procedure
had some influence. -

The 1952 group did initial training on
Tiger Moths before proceeding to Harvards,
whereas .the 1955 group began directly on
Harvards.

Progress being more leisurely and less
exacting on the former slow aircraft, definite
sets of habits (both useful and otherwise)
could have been engendered which persisted
to some extent when pupils graduated to
the faster Harvard machines. The higher
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orientation. The slow plane afforded more

. scope for flying by kinaesthetic and extrane-

correlation for the Tiger Moth group might -

be partially accounted for in terms of different

i 1952 Group. 1955 Group.
|Floating  Effect| "% 20 5 up-_
Trials -~ - | 27 3 2 3
I 81 84 | .84 72

o2 - .83 — 81

ous visual reference and more time for the
correction of wrong direction and bearings.

In this respect the situation seems a nearer
approach to the “Floating Effect” test.

. The 1955 group began flying directly on
the faster. Harvards and under these circum-
stances Night Flying could conceivably have
necessitated a greater insistence on theoreti-
cal navigational aspects and less reliance on
“feel” and environmental clues for correct
course and position.

As a ‘“‘test—re-test” was not practicable, the
inter-trial correlations in Table V must
suffice as a measure of test reliability.

Table V.
- PRODUCT-MOMENT CORRELATIONS
BETWEEN THREE SUCCESSIVE TEST TRIALS

Average correlation is .81 which is significant
at .1%.

Taken on three trials together the Relia-
bility Coefficients come to .94 for the 1952
group and .92 for the 1955 group and the
Standard Errors of Measurement to 4 and
3 respectively.

In Table VI the Biserial correlations be-
tween the test trials and the “Success-

Table VI ’ .-
BISERIAL CORRELATIONS ON THE “SUCCESS SUSPENSION” CRITERION
(Suspensions through lack of competence in actual flying.)

Floating Effect 1952 Group. N =129 | 1955Group. N =44
r bis r bis
Trials r bis S.E. r bis S.E. :
S.E. S.E.
1 .83 17 4.9 24 .20 .1.2
2 .63 22 29 .35 .19 1.8
3 66 21 3.1 .25 .20 13
1 4+24+3 71 .19 3.7 31 .19 1.6
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Suspension” -criterion conform to expectation
by being greater for the more heterogeneous
group. Trial I is prominent here and also in
Table III on the “Wings Test,” the Main
Flying Criterion.

An hypothesis that the initial stage in a
sensory-motor learning series has importance
in occupational forecasting would be sup-
ported by the findings of Woodrow (1956)
on data from a Two-Hand Co-ordination test
of the Moede type. She found that the first
of five trials on this test had ‘“particular

CO-ORDINATION AND FLOATING EFFECT

value” as a predictor of flying-course sus-
pensions. '

A study of instructors’ reports on the
suspended pupils in both groups gave the
general distribution in Table VIL The con-
densation of the main reasons for flying in-
competence entailed some latitude in the
qualitative interpretation of certain points
mentioned by instructors and the arrange-
ment adopted in this table lays no claim to
rigid objectivity.

Lack of “Balance” is stressed at least once

Table VII .
GENERAL CLASSIFICATION OF ALL THE SUSPENDED PUPILS IN BOTH
GROUPS BASED ON FLYING INSTRUCTORS’ REPORTS

Main Reasons for Suspension 1952 1955 Total
Medically unfit; At own re-

qUESt, €LC. ww o s e oo 3 3
Failure in Ground Subjects ... 3 3
Poor Distribution of Atten-

tHON o s e e e e e 1 1
Poor Learning Ability ... ... 1 2
Nervousness; Lack of confi- ‘

dence, €tC. ... o e e e 2 3
Slow reaction; No Anticipa-

tion or “Feel” .. ... ... .. 2 2
Lack of “Balance” and “Air

Sense” ... o v e e 5 7

“in each of five cases, and in one of these,
twice. Lack of “Air Sense” is stressed in three
cases, but in one of these there is slight
preponderance in favour of lack of “Balance”.

Biesheuvel (1942) gives a broad definition
of “Air Sense” as: “An assessment of move-
ment and position with regard to the new
visual clues, particularly an ability to think
in terms of three dimensions.”

In the absence of more specific knowledge
about this concept, it does not appear un-
reasonable to associate it behaviourally with
“Balance.”

Summary.

(1) A comprehensive description is given
of a sensory-motor test that attempts

'

to supplement co-ordination in the
usual sense by making provision for
such elements as kinaesthetic sensi-
tivity, anticipation and spatio-
“temporal judgment,

(2) Test reliability as indicated by inter-
trial correlations on two groups
separated by a three-year period

appears satisfactory.

Correlations with the Flying Train-
ing Criteria were all positive, except
one and with a few exceptions larger
for the more heterogeneous
group, where furthermore, a larger
selection ratio implies comparatively
less depression of ‘the correlations
through curtailment. :

Biserial correlations on the “Success-
Suspension” Criterion were all posi-

€)

@

- 31



D. R. DE WET

tive and here again larger for the
more heterogeneous group.

(5) In this latter group, the first trial
appeared more prominent than the
second or third trials both in relation
to achievement on the Main Flying
Criterion (Wings Test) and Suspen-
sion for poor flying ability.
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HANDLEBARS: A SELF-PACED TEST OF TWO-HAND CO-ORDINATION,
AND SOME RESULTS ON AIR-PILOT CANDIDATES

~ D.R.DE WET
(Received 31st December, 1960)

Among various sensory-motor tests applied
to prospective air-crew in the South African
Air Force during the last war, two on which
considerable reliance came to be placed, were
Steadiness and Two-hand co-ordination. This

~ was founded both on the empirical validity of
certain performance measures and also on the
usefulness of these tests as situations favour-
able to the observation of wider subjective
behaviour.,

Steadiness involved direct tracing tasks,
where a stylus-point was guided by one hand,
firstly, down a straight tapering track,and then
along a zig-zag. Two-hand co-ordination was

“of the well-known Moede type, in which the

subject rotates the handles of two lead-screws
located at right-angles to each other, to guide
a metal platform carrying a card with a cir-
cular track, under a stationary pencil,

The “Handlebars” test to be described here
is an apparatus designed to incorporate the
following features: Firstly, two-hand co-
ordination on a lever-system rather than that
of rotating handles, as the former has more
direct affinity with the main aircraft controls;
and secondly, a “steadiness” element that is
lacking in machines of the Moede type, where
fine movements, voluntary or otherwise, do
not register.

Description of Apparatus

(Plates 1, 2, 3 and 4)

The functioning principle of “Handlebars”
is extremely'simple, but careful fitting of the

" moving parts was necessary for smooth and
precise operation,

A ‘sloping wooden base-board supports a
structure of. metal plate attached by screws
and spacing-pieces to a bakelite backing-sheet.
The metal plate is cut out to form an open
track, the contour of which is intended to
provide within practicable limits, the maxi-
mum distance of continuous travel, and a wide
variety of changes in direction.

Near the lower edge of the base-board, a
sturdy vertical stub-axle is mounted; this
forms the main pivot-point of two levers, each
having a handle at one end and a bearing at the

33

other coupled to a linking-bar. The other ends
of the linking-bars are connected together to
form a single bearing, from which a round rod
protrudes downwards through the track in
the metal plate, but has adequate clearance
above the bakelite backing-sheet.

Fore-and-aft movement of therodis obtained
by drawing the handles nearer together or
further apart; lateral movement, by pivoting
them both simultaneously and drawing them
together a suitable amount to compensate for
the locus being an arc,

Duration of contact between the rod and
the sides of the track is recorded on a “Stand-
ard” clock mounted on a separate control-
box for the observer. One switch is in the
main 220/230 volt A.C. circuit of the clock-
motor, and the other, together with the rod
and track, in the 6 volt A.C. circuit of the
clock-clutch. A small transformer to supply
the low voltage current, and a buzzer con-
nected in parallel with the clock-clutch, are
located inside the box.

Testing Procedure

The apparatus is placed on the table in
such a way, that, with the metal rod at the
starting-point (i.e., the upper section of the

track to the right of the junction leading down

to the middle or “star” section), the ends of -
the handles are in line with the table-edge
where the subject will sit.

During 1954 and 1955 the following instruc-
tions were given to the subjects:

“This is a test of the smoothness and
accuracy of your hand co-ordination, By using
these two handles you have to steer the metal
rod through the track, trying not to touch
the sides. Starting from here, you go to the
right round the outer track and then to the
right round the star, finishing again at the
starting-point. Whenever you allow the metal
rod to touch the sides of the track, a buzzer
will sound, which means that error is being
recorded against you. Work carefully and
as quickly as you can without touching the
sides of the track. Now centralise the metal-
rod in the track so that it is not touching.

Are you ready? Begin!”
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Subjects did two trials each, but they were
not told of the second until they had com-

pleted the first. Measures were taken of both.

the “Total Time” and the “Error Time” for
each trial.

During 1956 the number of trials was
increased to five, and the new set of instruc-
tions read as follows:

“This is a test of your ability to steer a
rod along a track. By using these two handles
you have to steer the metal rod along the
middle of this track. Starting from here, you
go to the right round the outer track and
then to the right round the star, finishing again
at the starting point (Observer points round
track). Don’t try to work fast!

(1) This first round is a practice one. Work
smoothly and carefully and try to keep this
metal rod (Observer points to it) well in the
middle of the track all the way along. When-
ever you allow the rod to touch the sides of
the track, a buzzer will sound, which means
that errors are being recorded against you.
Go round very cautiously and try your hardest
to keep the rod in the middle of the track.
You may begin!

(2) In this second round, speed is the
important factor. Try to avoid touching the
sides of the track, but drive as fast as you can.
Ready? Begin!

(3) The third round is an easy ome. I
want you to do the test in the way that you

feel suits you best. Some people prefer to
work somewhat slowly and carefully, others
feel more comfortable if they work a bit
fast. Both can be “good types”. Do this
round in your own individual way. You may
begin!

(4) You realise now that in this test the
two important things are good speed and good
steering so as not to touch the sides of the
track. If you can do both well you will get
a really fine score. This fourth round is very
important. Work as fast as you can and try
your best not to touch the sides. Ready?
Begin!

(5) This is the fifth and last round and it

- counts the most points, so try to make it
your best. Try to work even faster than
you did in the last round, and make even
fewer errors. Ready? Begin!” :

(As before, “Total Time” and “Error Time”
for each trial were recorded.) )

Application and Results

The test was administered. .experimentally
to pupil-pilot candidates for the South African
Air Force, with the object of ascertaining its
reliability and potential usefulness as a predic-
tor of success or failure on courses of flying
training. ’

For validation purposes, successful pupils
(Table I) and only those suspended for. defec-
tive airmanship have been included; however,
the means and inter-trial correlations for

Table I

DERIVATION OF SAMPLES

1954 1955 " 1956

Applied for flying course ... .. .. 93 169 163
Did Handlebars test ... ... . oo 93 130 16l
Accepted for training ... ... .. 42 . 51 47-
Suspended from training (all reasons) ... 11 . 17 13
Suspended for poor flying ability ... ... 8 11 8
Did Handlebars test ... ... . o 8 : 11 8
Completed course successfully ... .. 31 " 34 33
Did Handlebars test ... ... .. .. 30 32 33

34
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the 1956 group, include two additional pupils
who were suspended for inability to master
the theoretical training.

In Table II, the means for both “Correct
Time” (i.e., Total Time minus Error Time)
and “Error Time” reflect the influence of
practice; there is the expected tendency to

D. R. DE WET

work faster and make less error on repetition
of the task. In the 1956 group, the very con-
spicuous critical ratio of the difference be-
tween the “Correct Time” means of Trials 1
and 2, as compared with the ratios for Trials
1 and 2 of the other two groups, shows that
in addition to practice there is the effect of
the different instructions for these two trials,

Table II

MEAN SCORES IN SECONDS

CORRECT TIME ERROR TIME
Pupil No. of Trial
Group Cases No.
. Mean S.D. Mean S.D.
1 192.0 874 23.8 9.7
1954 38
2 157.1 78.0 18.9 5.9
1 158.7 90.7 25.1 10.3
1955 43 -
2 128.6 68.2 21.1 7.6
1 195.5 100.4 23.1 8.7
2 102.6 78.8 18.9 5.7
1956 43 3 165.1 95.6 16.1 5.8
4 94.7 64.2 15.0 4.3
"5 89.2 68.0 14.0 4.7

CRITICAL RATIOS OF THE DIFFERENCE BETWEEN THE
MEANS OF TRIALS 1 and 2 FOR EACH OF THE THREE

GROUPS
Group Correct Time Error Time o
1954 g 4.4§ 4.32
1955 6.17 417
1956 11.99 7.92
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HANDLEBARS TEST. PLATE 2.
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HANDLEBARS TEST.

PLATE 3.
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G

An

Note: One purpose of the washers
is to prevent idenfical metals from

bearing against each other,

HANDLEBARS TEST.
(PLATE 3 REFERS)

Polished M/S washer 1%00 X 3-4

between brass

(Not shown in PLATE 3)

PLATE 4,

D3 A2

faces.

OROW

caution being stressed in the first and speed
in the second.

It is of interest that in Trial 2 of the
1956 group where speed was stressed, signifi-
cantly less error occurred than in the pre-
ceding tria] with emphasis on caution. In the
1954 and 1955 groups, where the instructions
stressed both speed and accuracy equally, the
critical ratio of the difference between Trials
1 and 2 on Error Time was of the order of
four; but in the 1956 group it is nearer eight
and seems far too large to be accounted for by
practice effect alone. The most likely expla-
nation lies in some basic instrumental de-

pendence that exists between Time and Error

Time in self-paced tracing tasks, and has the
effect of inducing a proportion of positive
correlation between the two measures that
tends to increase with speed of work, Opposed
to this is the behavioural tendency for fast
working to be associated with the production
of more error, as shown in Table III. Here,
for the 1956 group, the negative inter-correla-
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tions between “Correct Time” and “Error .
Time"” are larger for Trials 1 and 3, done
slowly, than for Trials 2, 4 and 5, done fast;
this would support the hypothesis that the
relative effect of instrumental dependence in-
creases with speed of work.

In the 1954 and 1955 groups the smaller
negative correlations between “Correct Time”
and “Error Time” on the first trial, as, com-
pared with the second, suggest the influence of
novelty in the test situation, where a certain
amount of random fumbling by the tyro in his
exploration for a successful technique reduces
the consistence of the behavioural time-error
relationship. The correlation for the first trial
in the 1956 group has probably been depressed
through the same influence. In the third
trial, however, the subject has had the benefit
of considerable practice, and a resultant
stabilization of technique, conjoined with the
important circumstance of unhurried work in
this trial and hence less opposing effect
through instrumental dependence, produces a
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Table III

PRODUCT-MOMENT CORRELATIONS BETWEEN “ERROR TIME"” ‘AND “CORRECT TIME” (TOTAL
TIME minus ERROR TIME) FOR EACH TRIAL.

Group 1954 1955 1956

N 38 43 43
Trials 1 I 2 1 1 2 3 4 5

r — .34‘—,.49 — 33| — 47| — 40| — 33| — 58| — 31| — 27
Mean r = .— .39 P <« .001

(Fast working on the test tends to be associated with more error)

Table IV

PRODUCT-MOMENT INTERCORRELATIONS
BETWEEN TRIALS ON THE MEASURES
“CORRECT TIME” AND “ERROR TIME”

GROUP | TRIALS [CORRECT| ERROR N
1954,:. 1 &2 .84 71 38
1955 [ 1 & 2 .96 .80 43

1 &2 .87 .64
1 &3 .80 .68
1 &4 73 .65
1&5 76 - .65
2 3 77 .
1956 & > 43
2 & 4 .84 .84
2 &5 77 .89
3& 4 .80 .65
3&5 75 .65
4 &5 .95 .86
Mean r .84 73 124 -:
P of the difference = .020

comparatively large correlation. A further
investigation of the interesting relationship
between “Correct Time” and “Error Time” (or

“Total Time” and “Error Time”) on self-paced
tasks, will be worthwhile. .

In Table IV, allowance must be made for
the fact that most of the intercorrelations
between trials in the 1956 group have probably
been depressed through different instructions,
and overall mean coeflicients are therefore an
under-estimate of test reliability. A better -
indication of reliability is given in Table V,
‘which is restricted to those trials where in-
structions were similar, namely, equal empha-
sis on speed and accuracy. Both tables show

Table V
PRODUCT-MOMENT  INTERCORRELATIONS
BETWEEN THOSE TRIALS HAVING SIMILAR
INSTRUCTIONS
GROUP | TRIALS |CORRECT| ERROR N
1954 | 1 &2 .84 71 38
1955 1&2 96 .80 43
1956 | 4 & 5 .95 .86 43
Mean r 93 .80 124

P of the difference < .001

the measure “Correct Time” to have more
reliability than ‘“Error Time”, the difference
being more significant in Table V, where, in
addition to uniformity of procedure, the close
adjacency between these particular pairs of
trials makes for larger correlations.
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Table VI

BISERIAL CORRELATIONS BETWEEN BOTH “CORRECT ,TIME”‘ AND “ERROR TIME”
AND SUCCESS/SUSPENSION IN FLYING TRAINING

GROUP 1954 1955 19_56
N 38 o ' 41
TRIALS 1 2 1 2 1 2 3 4 5
CORRECT T
r bis 21 18 .06 .16 32 1 .20 .04 .26 27
ERROR T
r bis — 03| — .01 —.14 15 -3 | —29 | — 27} —25 ]| — .1
P (one-tailed) of .32 = .039
P (one-tailed) of .35 = .030

Table VII

PRODUCT-MOMENT CORRELATIONS BETWEEN THE HANDLEBARS TEST AND THREE OTHER
SENSORY-MOTOR TESTS IN THE 1956 GROUP

HANDLEBARS TOTAL TIME: r P
Two-hand Co-ordination (Moede type). Time .152 .QSS
Hand-foot Reaction (Speed trial). ‘ Time .035 660
Steadiness (Manual). Total Time - 532 < .001
HANDLEBARS ERROR TIME: r P
Two-hand Co-vordination (Moede type). Errors .219 .006
Hand-foot Reaction (Speed trial). . ‘ Errors — .106 ' .180
Steadiness (Manual). ' Error Time 404 < .001
Number of cases = 161. (P is two-tai.led).
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In Table VI, positive signs on “Correct
Time” imply that success in flying training
tends to be associated with slow working on
the test, and negative signs on “Error Time”
that success tends to be associated with less
error on the test. For the most part correla-
tions between test performance and the flying-
training criterion are not significant, an excep-
tion, however, being the first trial in the 1956
group, where correlations on both measures
are significant at better than the 4 per cent
level. While results on the Two-hand co-
ordination (Moede type, 1956), Floating

Effect (1958), and Steadiness (1959) tests -

suggest that the first trial in certain sensory-
motor activities seems to have some special
predictive value because of its novelty, the
significance of the first trial on the Handle-
bars test for the 1956 group could also be
related to the emphasis on slow and careful
work. This possibility is strengthened by the
small but fairly consistent tendency for slow
work to be associated with success, even in
trials where .the instructions stress fast work.

The correlations between performance ¢n
Handlebars and three other sensory-motor
tests (Table VII) are largest and very signifi-
cant for Time and Error Time.on the Steadi-
ness test (1959), and a good deal smaller, but
still acceptably significant, for “Time” and
“Errors” on the Two-hand co-ordination test
(Moede type, 1956). No relationship is shown
between Handlebars and the Hand-foot
Reaction test (1958).

Summary and Conclusions

(1) Details are given of the design and
experimental application to air-pilot candi-
dates of a two-hand co-ordination apparatis
functioning on a lever-system and incorporat-
ing an element of “steadiness”,

(2) As a measure of test performance
“Correct Time” (i.e., Total Time minus Error
Time) has more reliability than “Error Time”.

(3) Fast working on the test is associated
with more error, to the extent of a mean corre-
lation of — .39 (P = .00006) between “Correct
Time” and “Efror Time”, which has probably
been depressed through the opposite influence
of some positive instrumental dependence
between these variates. Such an effect can be
sensed on other self-paced tracing tasks, and
in the case of Steadiness (1959) the occur-
rence of several positive correlations between
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“Correct Time” and “Error Time” suggests
that is was particularly significant.

(4) “Handlebars” bears a closer relation-
ship to the Steadiness test (1959) than to a
Two-hand co-ordination test of the Moede
type (1956).

(5) There is a small but fairly consistent
tendency for slow working and less error on
the test to be associated with success in
flying training; but in this respect, the only
trial having individual significance is Trial I
in the 1956 group, where the instructions
emphasised slow and careful work. Here
the biserial correlations are: “Correct Time”,
32 (P = .039), and “Error Time”, .35 (P =
.030). _ .

(6) The combination in a single apparatus of
certain elements of a Steadiness test, and a
two-hand control-system on a lever-principle
that seemed a closer approach to the fee] and
movement of actual aircraft controls than
that given by the rotating handles on machines
of the Moede type, has not resulted in a
significantly better instrument for the predic-
tion of flying ability. It could possibly be
improved by instituting a stress trial in which,
by means of a pair of light electrodes strapped
to the subject’s arm, he would either work
under the threat of shock at the end of the
trial (as in the Steadiness test), or actually
receive shock whenever he made mistakes.

(7) Although it appears to have small
validity for air-pilots the Handlebars test
might be usefully applicable in other fields,
such as the skilled and semi-skilled artisan
trades, or various industrial occupations re-
quiring proficiency in the use of machine tools,
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A VARIABLE CO-ORDINATION TEST AND ITS POTENTIALITY AS A
GAUGE OF APTITUDE FOR AIRMANSHIP

D. R. DE WET
Received 24th April, 1961

No test has yet been evolved that can be described as a universal tool, equally
suitable for application in every field in which muscular co-ordination plays a
substantial part; like the mythical phillosopher’s stone, such a device will probably
remain an unrealized ideal. While there is evidence of group factors overlapping
in certain sensory-motor skills, in others specificity appears predominant, and the
demand for specific selection tests continues.

The closer the behavioural correspondence or “ feel ” between test and actual

occupation, the more useful the former is likely to be as a predictor of occupational
success, but the genuineness of this similarity is not necessarily guaranted by exact
reproduction in the test of certain obvious material characteristics of the original.
‘Such imitation may well produce a spurious laboratory model that bears a
superficial resemblance to actuality, but lacks the psychological essentials. The
latter are the all-important ingredients, and provided that zheir presence is assured
in the test then the addition of other similarities, which would be worthless on”
their own, may contribute something of value by completing the total
verisimilitude. :

As there would be no advantage whatever in a laboratory facsimile as
complicated as the real occupation, the striving is towards simplification, by con-
centrating attention on those aspects which seem to be most important. With
regard to both basic interest, and considerations of practicability and economy
in applied fields, there is a strong incentive to investigate and exploit to the full
whatever potentialities might lie in group factors of ability.

For personnel selection, the criterion of parsimony that governs * intellectual ”
and similar tests also applies in designing tests of sensory-motor capacities. Not-
withstanding the great preponderance of specific matter in this last category,
. research here is likewise directed towards achieving an optimum situation where
one condensed test adequately covers the common requirements for several .
occupations, and has to be supplemented by specific tests as few in number and
elementary in structure as possible.

The Variable co-ordination test that will be dealt with here is an attempt to
produce ‘a piece of equipment that lends itself to both basic research on co-
ordination and occupational selection. In the mechanical design, careful con-
sideration has been given to such points as reasonable portability, the minimum
number of moving parts, the use of ordinary commercial items wherever practic-
able, and overall sturdiness to prevent loss of standardization through wear or
through possible damage to components as a result of rough treatment by the
subjects. :

Description of apparatus (Plates 1, 2, 3, 4 and 5)

Fundamentally the apparatus consists of two moving parts.
(i) A wheel, with a raised track of irregular contour fixed around its periphery,
is mounted between two bearings on a shaft having a crank handle at either end.
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(ii) Another pair of bearings, situated lower and at right angles to the wheel
bearings, supports the shaft of a horizontal crossbar and -a vertical arm terminating
in a small knob on a spring-wire stem. The crossbar is fitted with handles, and
also two hooks from which, by means of leather straps and rings, a pair of
ordinary equestrian stirrup irons may be suspended. To permit the use of one
stirrup only, or the introduction of loading to alter the trim of steering systems
employing both stirrups or none, a small bellard on the front of the chassis serves
for mooring one end of a spiral spring linked at its other end to the appropriate
hook (Plate 3). :

There are two separate control boxes for the observer (Plate 1). The one
carries a ““ Standard ” clock, transformer, triple-pole relay, buzzer, and switch;
the other is a shocking-unit identical in principle with that built into the Steadiness
test (2). As one requirement in the subject’s task is that the small knob should be
kept in contact with the track, these two sections together constitute a switch in
series -with the relay solenoid; while the latter is kept energized by contact, the
buzzer remains silent, and no recording takes place on the clock (Plate 5).
However, when the knob goes oftf the track, the relay armature is released and
both clock and buzzer come into operation.

The middle pair of relay contacts is connected to the shocking-unit as shown
in Plate 5, so that with a pair of electrodes strapped to the subject’s arm, in .
addition to the sounding of the buzzer and the recording of error time on the
clock, shock is automatically administered while the knob is off the track.
Although the recording and shocking systems are treated together in Plate 5, in
practice (Plate 1), the latter has been constructed as a separate unit to make it
conveniently adaptable for use with other tests. A push button “ C” located on
the shocking-unit and shown wired in parallel with the lead from the relay
contacts in the box supporting the clock, is intended mainly for manual adminis-
tration of shock by the observer in other test situations where it may be required.
In the present situation it provides a quick means for the observer to do occasional
checks on the intensity of any shock setting by holding the electrodes against his
own arm and pushing the button.

Testing procedure

The task in this test is of the self-paced type, the subject being required both
to rotate the wheel and steer the knob on the track. Its “ variability ” refers to the
several different combinations that can be imposed for the accomplishment of this
task. For all of them, the general positioning of the apparatus on a table as
shown in Plate 1 is the same, the small apron section at the front of the chassis
always being up against the edge of the table.

The following co-ordinative combinations can be obtained.

Section A
Balanced steering mechanism

1 2 3 4 5 6 7 8 9 10 11
Rotationofwheel .. RH LH ILH RH LH RH LH RH BH BH BH
Steering of knob .. LH RH RF LF LF RF BF BF RF LF BF
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VARIABLE CO-ORDINATION TEST. PLATE 2.
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Section B
Unbalanced steering mechanism

On certain of the above, additional variations in the distribution of muscular effort are obtainable
by using the spring to load the steering system in one direction or the other.

12 13 14 15 16 17 18 19 20 21

Rotation of wheel .. .. RH RH LH LH LH LH RH RH BH BH
Steering of knob .. .. IH ILH RH RH BF BF BF BF BF BF

Spring between bollard and
hook .. .. R L R L R L R L R

R = Right; L = Left; H = Hand(s); F = Foot (Feet); B = Both.’

In the present investigation, only combination No. 11 involving both hands
and both feet (balanced steering) was used, but with a few suitable changes the
procedure and instructions will also serve for any of the others:—

The subject is seated at such a distance from the apparatus that, with his
left arm fully extended he can just grasp the left handle of the wheel at its furthest
position. His feet are then settled in the stirrups slightly forward of the insteps,
and the wheel is turned to the “start” position with the stud (Plate 2) opposite
the knob. He is then instructed as follows:

“This is a test of your co-ordination and smoothness of movement. By
using the stirrups, this knob may be steered to the left or right. With your
hands on these handles, your task is to turn the wheel carefully towards you
like this, and at the stame time use your feet to keep the knob in contact
with the track. Whenever you allow the knob to get off the track, you will
hear a click and a buzzing noise. This means that error is being recorded
against you, so get back on to the track as soon as you can. You must
concentrate on trying to work both fast and carefully. Remember, your
accuracy in keeping to the track and the time you take to go round it are
both equally important. Get your hands on the handles and have the wheel
at the starting position there. Don’t start until I tell you to. Ready?
Start!” [A stop-clock and the main switch “ A ” (Plate 5) are turned on.]
When the subject reaches the end of the track, stop-clock and switch “ A ”

are turned off and he is told to “ Rest.” The total time he has taken to complete
the circuit, and also his “time off the track ” as registered on the “ Standard ”
clock, are recorded.

After a rest pause of 30 seconds, the usual instruction is: “ You start another
trial now; try to improve. Ready? Start!” However, if the first trial was per-
formed in a very hurried fashion with obvious neglect of accuracy, the subject is
now told: “ Try to make fewer mistakes.” On the other hand, if he has taken
excessively long to complete the first trial, he is told: “ Try to work faster.”

The second circuit is also followed by a rest pause of 30 seconds, “ Total
Time ” and “Error Time” being recorded as before. The shock-electrodes are
then fitted to the outer side of the subject’s arm about three inches behind the-
wrist-joint. They should be in close contact with the skin, but not too tight.
* This is the third trial; whenever you go off the track now, in addition to hearing
the noise, you will feel a shock. Just keep on trying to improve. Ready? Start!”
(Switch “ B ” must not be turned on until the knob is in contact with the beginning
of the track. The trial is followed by a rest pause, and the scores are recorded.
Before the last trial is started, the potentiometer on the shocking-unit is set to a
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point that raises the previous intensity of the shock by about a half)  This is
" the last trial, try to make it your best. When you get off the track now, the shock
will be stronger. Ready? Start!” (The final set of scores is recorded in the
same way.) :

Application and results

A group of air-pilot candidates for the South African Air Force was given
the test experimentally on the combination involving both hands and both feet
(balanced steering). The purpose of this initial study was to investigate the test’s
reliability, and its value as an instrument for assisting in the future selection of
candidates most likely to succeed in airmanship. ‘

The sample dealt with here is made up of the two smaller groups (a) and (b)
in Table 1, and confined to candidates who were accepted for training. Suitability
for admittance to the course was determined through findings on other testing and
interview procedures, and not influenced by performance on the present test. Six
candidates who were suspended for reasons other than that of poor flying ability,
have been excluded.

Table '1
Derivation of sample
Year 1959
Applied for flying course .. .. .. .. 152
Did Variable co-ordination test .. .. .. 149
Accepted for training . .. .. 55
Suspended from training (a]l reasons) .. .. 22
Suspended for poor flying ability .. .. .. 16
Did Variable co-ordination test .. .. .. 16(b)
Completed course successfully .. .. .. 33
Did Variable co-ordination test .. .. .. 31(a)

In Table 2, the means for “ Error. Time ”  show a progressive diminution
through the four successive trials, and clearly indicate the effect of practice. For
S Correct Time ” (i.e. “ Total Time ” minus ‘ Error Time ) the position is some-
what different. Here there is improvement in speed of work between Trials 1 and 2,
and then in Trial 3, notwithstanding the effect of previous practice, a very
significant regression to slow workmg brought about through the fear of punlsh-
ment by shock whenever error is made.

. It was noticeable during the administration of the test that some of this fear
seemed to be anticipatory, and subjects usually started off very slowly in Trial 3
and continued thus until they received the initial shocks. Henceforth, the
realization that it was not as painful as they had expected lessened apprehension
somewhat, and they risked stepping up the pace. As a result of this reassurance,
and also the considerable degree of physical adaptation to actual shock that took
place through repetitive experience, the effect of practice is allowed to emerge
again in Trial 4, where there is a tendency for speed to show an improvement
over that in Trial 3 despite an increase of shock intensity. But in Trial 4 the
fear of punishment as an incentive to slow and careful work, although in a measure
reduced by familiarity and adaptation during the course of Trial 3, still persists
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VARIABLE CO-ORDINATION TEST. PLATE 4.
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Table 2

Mean scores in seconds

Correct Time + Error Time
Trial No.
Mean | S.D. Mean S.D.
1 119-6 54-6 24-1 10-7
2 109-9 48-7 16-6 10-3
3 163-2 72-3 12-0 7-5
4 141-6 65-4 10-1 7-5

Critical Ratios of the differences between the above means

Trials Correct Time Error Time
1&2 2-21 4-97
1&3 6-79 818
1&4 3-79 9-52
2&3 7-87 3-38
2&4 612 5-56
3&4 426 2-35

Number of cases=47

<

strongly and is reflected in the significant difference between the mean for Trial 4

and the means for the unstressed first and second trials, particularly the latter.
‘The correlations between “ Correct Time ” and “ Error Time ” for each trial,
given in Table 3, show a general tendency similar to that observed in relation to
performance on the Steadiness (2) and Handlebars (3) tests. Negative correlations
" are larger for the trials done slowly (in this case, 3 and 4) than for those done fast
(1 and 2). This would also be compatible with the hypothesis that the factor of
basic instrumental dependence that exists between “ Time ” and “ Error Time » in
self-paced sensory-motor tasks, becomes more prominent as speed of work increases.
It is notable that Trial 4 has a more substantial negative correlation than Trial 3,
although time for the latter was longer (Table 2). It seems likely that at this
advanced stage of the test the effect of instrumental dependence, with its bias
towards the production of positivity in the correlation between “ Time” and

Table 3

Product-moment correlations between *“ Error Time > and * Correct Time > (*“ Total Time® minus
*“ Error Time”’) for each trial

v

N .47

Trials 1 2 3 4
r --21 22 --36 --54
P -16 -14 -02 ©-0004
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VARIABLE CO-ORDINA;TION TEST. PLATE 6.
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“Error Time,” is overrun by other factors such as improvement in motor skill
through practice and an increased familiarity with the “ punishment” situation.
These together would tend to make the subject’s technique more stable, and thereby
boost the negativity of the correlation.

Reliability of the test, as indicated by the intercorrelations between trials in
Table 4, appears significantly higher for *“ Correct Time ” than for “ Error Time,”
which is in agreement with results obtained on the Steadiness and Handlebars
tests. A probable explanation lies in the fact that in all three tests “ Error Time ”
usually constitutes a much smaller proportion of the total than * Correct Time,”
and is therefore more markedly influenced by chance fluctuations both in the
subject’s response pattern, and in the mechanism of the apparatus where minor
irregularities like specks of dust or tarnish between contacting surfaces can alter
the sensitivity of the recording.

Table 4
Product-moment inter-correlations between trials on the measures ** Correct Time™ and *“ Error
Time™
Trials Correct Time | Error Time
1&2 -84 -53
1&3 -80 -44
1&4 -80 -45
2&3 78 50
2&4 -85 64
3&4 -88 -73
Mean r’s -84 -55
P of the difference < -005
N=47

The relationship between scores on the test and proficiency in flying training
is shown in Table 5. Instead of the usual method of biserial correlation on
successes and suspensions, the more refined rank-difference procedure was applied
to this particular group. Successful pupils were ranked in accordance with their
final positions on the flying course. These were followed by the failures, ranked
from the pupil suspended last to the pupil suspended first.

On the present test, contrary to the tendency observed in the Steadiness and
Handlebars tests, fast working is associated with success in flying training.
Inclining towards agreement with results on Handlebars there is indication that, to
a small extent, less error favours the chance of success; whereas error on the
Steadiness test showed no correlation with the flying criterion. This is consistent
with the idea that the kind of co-ordinative activity in the Handlebars test and
the full hand-foot combination (balanced steering) on the Variable co-ordination
test, is less remote from aircraft-pilotage than that incorporated in the Steadiness
test, where the small relationship with pilot success probably concerned rate of
work as a temperamental rather than a skill factor.
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Table 5

Rank-difference correlations between final placement of pupils on the flying course, and scores on
both ** Correct Time ” and * Error Time ”

Correct Time Error Time
Trial No.
p P p P
1 34 03 —23 -13
2 -28 -08 -09 -57
3 42 -01 --25 -11
4 48 -002 --14 -35
N=47

(Positive signs on ‘‘ Correct Time  and negative signs on ““ Error Time *’ imply, respectively, that
success in flying is associated with fast working and less error on the test).

“Correct Time” in Tablée 5 appears to relate more closely to position
attained on the flying course than “ Error Time.” Of the four trials the two last
involving punisliment of error by electric shock are the most significant, particularly
the fourth with more severe shock.

Below are two supplementary rank-difference correlations, obtained on the
measure “ Correct Time,” between final positions of pupils on the flying course
and the following derived scores.

(i) The difference between the average for the two unstressed trials (1 and 2) -
and the average for the two stress trials (3 and 4):

0=0-42 : P =0-01.
(ii) The score for Trial 4 plus the above difference:
0 =049 P = 0-001.

These correlations imply that the smaller the increase of time under stress
conditions, the better the chance of success, and it would appear that in addition
to the motor aspects of the test, there is a temperamental element in the form of
fear of punishment that also relates to proficiency in flying. This is supported by a
finding on the Steadiness test that the trial carrying the threat of shock had more
significance in relation to flying success than the unstressed trials.

Aircraft-pilotage continues to maintain its tradition of being a comparatively
hazardous occupation; and to a degree that varies with individuals, it fosters the
dread that mistakes can lead to either physical disaster or, at the very least, injury
to the pupil’s ego through adverse criticism by the instructor. A well balanced
sensibility to danger can be regarded as an excellent and very necessary attribute
for success in airmanship, but obsessive fears of pain or disgrace would certainly
incommode the pupil and reduce his chance of succeeding.’

While subjects were doing the test, the observer made notes of their general
comportment and any particular reactions that might have significance. Points
of interest that emerged from a later examination of these “ reports ** with reference
to the pupils who succeeded in learning to fly and to those who failed, are given
in Table 6.
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Table 6

Some points of behaviour observed during the test, and the percentages of the 31 successful pupils (S),
and the 16 failures (F), who manifested them

Percentage
Approx. P of
Diff.
S F
(1) Very willing and co-operative .. .. .. .. .. 32 25 -61
(2) Fidgety and restless .. 23 19 75
(3) Movements jerky, andfor a tendency to lead with one set of
controls and follow with the other .. .. .. .. 26 44 -22
(4) Extremely talkative and socially at ease .. .. .. .. 23 6 -08
(5) Very active and hurried throughout .. .. 16 6 -25
(6) Overtly responsive to potential and/or actual shock . 10 44 -01
(7) At some stage or other pressed so hard on the stirrups that the
back of the machine tilted up off the table .. .. .. 23 6 08

Fear of shock, positively associated with failure, stands out as the most
significant (P = 0-01). Talkativeness and sociability (P = 0-08), and the tendency
to press very hard on the stirrups (P = 0-08), are both positively related to success.
Evidently this last item must not be identified with the kind of *tension” or
“freezing up on the controls” that is anathema to most flying instructors, but
interpreted rather as being a natural muscular concomitant of intense application
to the task.

No significant correlation was obtained between performance on the Variable
co-ordination test (full hand-foot combination/balanced steering) and learning time
or reaction speed on the Portable hand-foot reaction test (1); or fusion-threshold as
measured on the Compact flicker-fusion machine (4); although both the latter tests
have also shown a relationship to success in flying training.

Summary and conclusions

1. Full technical details are furnished of an apparatus designed for purposes
of both basic research on co-ordination, and occupational selection;
together with an account of its experimental application to a group of
air-pilot candidates.

2. Twenty-one co-ordinative combinations can be obtained, but the present

- study has been restricted to the one involving both hands and both feet
(balanced steering), which seemed to have the closest relevance to aircraft
control.

3. “Correct Time” (i.e. “ Total Time ” minus ““ Error Time ) is a more
reliable measure than “ Error Time,” P of the difference <C 0-005. Results
obtained on two other self-paced sensory-motor tests—Steadiness (2) and

- Handlebars (3)—show a similar trend.

4. 1In the last two trials, where errors are punished by shock, rate of work
is significantly slower and error less than in the preceding two trials
without this stress. Irrespective of the stress element, however, normal
practice effect will have contributed to the progressive improvement in
error, :
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The negative correlation between ““ Correct Time” and ““ Error Time ”
is more substantial in the slow than the fast trials, which also fits in with
findings on the above two tests, and supports the notion that the
instrumental dependence between “ Time ” and “ Error Time,” with its
bias towards positivity in the correlation, is more pronounced in fast than
in slow working.

On the present test, contrary to the tendency observed on Steadiness and
Handlebars, fast working is associated with success in flying training;
but inclining towards agreement with results on Handlebars, to a small
extent, less error favours the chance of success; whereas error on
Steadiness showed no correlation with the flying criterion. ‘ Correct
Time ” would be a better predictor of fiying success than * Error Time,”
and of the four trials, the two last involving punishment of error by

" electric shock are the most significant—particularly the fourth, with a

rank-difference correlation of 0-48 (P = 0-002).

In relation to flying success, the importance of a temperamental element
in the form of fear of punishment was also noted on the Steadiness test,
where the trial carrying the threat of shock had more significance than
the unstressed trials.

Of the various points of subjective behaviour observed during the test,

fear of shock, associated with" failure in flying, appeared the most

significant (P = 0-01). Talkativeness and sociability (P = 0-08), and
the tendency to press very hard on the stirrups (P = 0-08) are both
associated with success. The latter could be interpreted as an expression
of strong concentration on the task.
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4 SPECIFIC ARM-LEG CO-ORDINATION TEST FOR THE
SELECTION OF kU&IL AIPwPILO”“

The apparatus to be described here simulates certain
glements of an aireraft cockpit 4and provides s specifiec " job"
test for the selection of prospective air&ﬁilotﬁ.

The Mark 1 model was an experimental prototype
designed and built by the writer during World %ar IT 4n the
aptitude Tests Section of the B.A.A.F., anﬂ iatended ta replaee
an eariier Armeleg co-ordination arparatua (“ﬁa)) suggeuted by

€/Cdr, Go O Williams and evolved by Br. h. J. ochuaterkof the
British Medical Research Council. The aﬁA}, which utilized a
wide variety of mechanicel transmisefions, was a very complicated
machani sm difficult to keep stendsrd under the riguura of long
veriods of sustained testing. '

In 6esigning'the A:T.5. machine (Plates ) and 2), en
attempt was made fo produce & simplified and less costly deviee
which would pfoviﬂe a similer behavioural situation, It was
hoped that fewer moving parts and those of rugged construction
wouid make for more reliable and positive mechanical action,
 thereby reducing the disturbing effect of change in teat standsrds
inevitable (but not always immediately'obviuus) when alterations
occux in the setting of the mechaniem through wear, friction,
strain and other causes. )

The test presented a t&acking task in vhich ﬁ
drifting 1ight-spot (corresponding to the nose of the aircraft in
£light) hed to be kept central on a screen by moving rudderebasr
‘pedals left or right for lateral direction, and a "joystick® fore
snd aft for vertical direction. The target was a circle in the

™ i
. L
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‘widdle of the screen. When the light-spot drifted more then half
ité digmeter across the circumference of this circle, comtact
systens sttached to the rod carrying the light brought clocks
in&chparatiaﬁ, which recaraed‘continuously‘nntil the lightespot
was steered back into the cire¢le.

At a later stage in the testing procedure the tack
was complicated by the addition of a "throttle" lever which the
candidote had to wmove bockwards and forwards to extinguish two
"dfsbraction” lights situated respectively on the right and left
of the stimulus panel.

Experimentsl applications indieated that, in general,
the test performance of subjects with a hundred hours of actusl
- flying experience was greatly superior to that of unzelected
recruits and while some of this difference could be attributed
to acquired ekill on the part of the trained men, it wag unlikely
that the latter would have progres-ed so far on the course without
the raquisite'initial ability.' On the strength of this rather
rough validation, vhich was the best procedure possible st the
time, it was therefore concluded that test ascores had sote
potential usefnlneaa for pilot eelection,

' Thq_apparatua gave several years of service until it
was superseded (some time after the war) by the Mark Il model,
which exacts the same tasks from the candidate.
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PRESENT MODEL (MNARK  II)

The A.L.C. Mark 1I (Flates 1 to 6) incorporates the
basic design of its predecessor, but achieves further precision in
the detailed sspects of bearings, locl, and batter proportioning
of moving parts. Furthermere, where the sarlier model had
necessitated the use of both direct snd slternating curremt, the
precent one requires laternating current only, all the recording
being done on ''standard” clocks which were scarce during the wer
peridd when reciprocating direcf-current counters had often to
seyve os rather unsstisfactory substitutes, |

The present apparatus was thoupht to have certain
advanteges over an electronic model of SMA3 4n use by the R.ALF,
and elsewhere in the Commonwealth after the war. It is mechanieal
in operation, requires very little maintenance, and virtually no
sdjustments to remain standard in performance. 1t is probably
cheaper to construct than the electronic model, although it has
a rather expencively made panelled housing, which is not strictly

necessary.

Hovenment of the liggtogggt

Ae in the Mark I model, movement of the‘"drifting"
light-spot is obtained vefy simply by a constantespeed perpanentw
capacitor motor driving a cronk-dise to which the rod carrying the
lamp is universaally pivoted at ite one end, At its middle the rod
boars on a universal fulcrum attached to the platform carrying the
motor (Plate 3). By staggering the line of the disc-axis slightly
relative to this fulecrum, the actual locus deacribed by the 1light
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spot on the screen becomes elliptical instead of cireulor. This
"distortion” is notveaaentials its sole object is to moke the task
of keeping the light-spot central &_little more Al.fficuli tham 4t 4
would be 4f the locus were a symmetrical circle, An irregalar
path eould have been achieved by having the rod londed agninst o
cam of'appropriate profile, instead of'having it coupled st &
fixed crank-digstance, but the extra constructionel complication
was not thought worthwhile as the staggered crank cyctem made the
task sufficiently difficult.

The method whereby the manipulation of rudderbar and
stick controls the drift of the lightespot is a straightforward
application of "mobilis in wobile”. The pletform carrying the
motor and lightespot lamp is supported on horizontal bearings in
- & motal frame (Plates 3 and 4) which in its turn pivots vertically
in a larger frame fixed to the chessis of the machine, The noving
frame is coupled directly to the rudder«bar by rods underneath
the chassis. Its range of movement ie greater than that of the
red carrying the light-spot lamp; o that even maximum movements
of the latter can be more than compensated for by sultable oppoe
site contrel on the rudder<bar,

Corrections of light-spot movement in the verticsl plane
are accomplished by the stick, pivoting fore end aft. It is
coupled directly to the platform carrying the motor through a
long connecting-rod having s universal joint at either end.

These joints are necessary to allow the rod to swing freely
without impeding the movement of the rudder mechanism, The raﬁga ,
of movement imparted to the platform by the stick well exceeds
the moximum traverse of the crank throw,.
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Recording

Recording of the length of time that the lighte-spot is
outside the limiting circle is done by means of two ”wiparvarma"
connected uriversally to the lamp rod through small telescoping
connecting=-rods. FEach of the twoe wipers contacts works radially
across & metal plate baving a triangular piece of bskelite running
down the middle snd recessed flush with the plate surface (Flate
6). ihen the wiper-contact trsvels beyond the limits of the
bokelite on to the plate, a clockwclutch acts at the testerts
control penel and the clock continues to record until the wiper
is back agein or the bakelite., The reason for having the bakelite
plece triangular is to allow a fair margin of adjustment for
senpitivity of the recording., The wiper=contact itzelf is adjuse
table along ite srm. If it is set to brush across the apox of
the triangular piece, recording will begin before the lishtespot
has touched the circumference of the limiting circle; if, on the
other hand, it brushes nesr the basze, recording will only stort
when the lightespot is well out of the circle. It must be zet at
such a position thet recording will begin only when the light has
travelled half its own dismeter either vertically or horizontally
across the circle's circunference, standardisation being od this

ceriterion.

One set of uwiper-and-plate is situated at the top of the
mein structure below a hatchery in the wooden housing which gives
acceas for ﬁeriodic inecpection and cleaninge. This set records
deviations of the light-spot on the horizontel plane. 7The other
sot (Flete S) is locoted on the motor platform and records
devistions on the verticél plane, It ie accessible from the back
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of the machine where two larpe doors are fitted to the housing
(Platq 2).

Distraction Idpghts

The latter gection of the test, in which the candidate
hag the additfonal task of extinguishing psnel lights (Flate 1)
'aa goon as they come on, by an appropriate movement of the
throttle~lever, is eimply an elementary choice-reaction sories.
Fach of the two distraction light systems relays to z "Standard®
¢lock; when a 1ight flashes on, its clock begins to run and
continues until the 1ight 16 put out by moving the throttlee
lever in the correct direction for that particular light, either
backwards or forwards. Irregulnrly ppaced pips on the rim of a
rotating crank-dise (Plate 3) actuate two micro-switches situated
tangentlally to the disc, ané energize the distraction light
systems at intervals.

Zlectrice)l Circuits

For convenience, the tester’s controlepanel (Flate 1,
1owor) carrying the switches end clocks, ete., is designed as a
separate table unit coupled by 2 multicord "umbilical® %o the
machine chassis.

The source of power is 220/23C volts A.C. stepped down
through bell transformers to 6 volts i.C. for the bulb cireuits
of the lightespot and distraction lights and also the panel
indicator. The other units, comprising clocks, relays and notor,
opernte directly off the mains power, '
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The two “Standard” clocks, recording respectively
vertical and horizontal drift of the lightw-spot outszide the
circle are calibrated in minutes snd seconds, whersss the two
"distraction-light" clocks are in minutes snd thousandths of
a ninutes, The latter ore in effect just chromoscopes réecording
the condidate’s choice reaction time in extinguiching the lights.

There are seven togglesswitches on the tester's panel:

(1) Mainsy (2) Light-spoty (3) Driving motorj (&) Rudders
(5) stiek; (6) Clock motors (Distraction); (7) Distraoction
Jights.

Eech circult hks an appropriate safely fuse:

(a) Distraction clock clutehes 145 A«y (b) Spot light and panel
light 1 hey (e) Driving motor 3 05 A.j Rudder 045 As

() Rudder 0.5 A.; (e) Stick 0.5 A.3 (f) Clock motors (Ddst.)
0¢5 Aoy (g) Distraction lights of 0.5 A

All circuits are quite straightforward with the possible
exception of the “distraction light' systeme which incorporate
two"hanging in" relays.

The throttle itself (Flate 1, upper) is simply & tuwoe

. way bresk ewitch., In the upright position, which it tends to
assume of its own accord by spring loading, there is continuity
to each relay, but the relays are not energised uatil the pips

on the crankedisc rim (Plate 3) actuate the micro-switches., Vhen
a microwpwitch is actuated ite relay closes, switching on a
dlotraction light and starting a clocks The microeswiteh contagt
is momentary but the relay remaing clossd, keaping the c¢lock
running and the 1ight burning until the "henging in" circuit is
broken by movement of the throttle-lever backwards or forwards
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as the case may be.

The seating accommodation on the machine is an ordinary
tubular steel chair with arm-rests (Flate 1). It is held by
strap clamps and wing-nuts to the chassls so that it has sowme
adjustment nearer to or further from the comtrolss In practice
slteration of the average setting is only necessary in casos of
vary tall or very short subjects.

The illustrations help to clarify the method of operation
and the mechaniem of the apparatus,

PLATE 1 The general layout of controls and stimulus panol
in the cockpit, and the machine in operation.

PLATE 2 The doors of the housing are open to show ithe mecha-
nism from the back, The long spira)l spring serves as o couniers
poise to the woight of the motor and platform. ~ithout it
exceasive force would have to be exercised in pushing the stick
forward. Spring tension is such that shen no forward precsure
is put on the stick, it is balonced at about the mid pocition.

PLATE 2 %ith the counterpoise spring remcved, the motor
platform 48 viewed from above on the candidste's right. The
gearing system between the motor-spindle and the crank-dise nokes

.the laotter rotate at o epeed of six revolutions a minute. The

rod carrying the light-spot lamp is shown extending fiom the

crank-disc towards the glass screen through the universsl fulcrue.
Between the fulcrum and the lamp a universal coupling leads . >

64



- . through the small telescoping connecting~rod to the wiper-arm
of - the upper recorder., On the lamﬁ rod, between the fulerun and
the point of coupling to the crﬁnk-disc. 2 similer system leads
horizantally to the other recorder.

PLATE k  This 18 amother view of the motor platform from the
back on the candidate's right, only one wicro-switch st the

- rim of the crank-dise being visible. The flat rectonsuiny
object néar the tail end of the platform below the motor is the
latter's permanent capacitor.

PLATE 5  Here the motor platform is éaen}fram‘the back on the
candidatet's left; without the counterpoise spring, The "pige
taile" leading from inside the housing te the wmotor, microw |
switch, and “"wiper-and-plate’ recorder, are flexible connections
that allow for the up and down and sideways movements of the
motor pletform when the candidate works the rudder-bar ond stick.
The universal joint at the end of the long connectingercd to the
stick is coupled to a rigid stem extending downwards from the
tail end of»the motor platform. |

PLATE 6 The hatchway in the top of the housing glves accems
to the one set of "wiper-andeplate” recorderss The knurled
-serew on the wiper contact is loosened to adjust it higher or
lower on the arm’ for 5etting and maintaining standard sensitis
vity.
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TEZSTING PROCEDURD

The tost is given in two sections, First, the subjoct
controls the lightespot with stick and rudder for a stondsrd
period; the task is then repeated with the addition of the
distraction 1ights which have to be put out with the throttls.

Yhen the subject has been ceated comfortably with his
right hand on the stick and his feet on the rudder-pedals, he is
instructed as follows:

Do you aee thié spot of 1light on the screen? If you
move the stick forward (denonstration) the spot of light moves
downwardo, &nd if you move the stick backwards (demomotration)
the spot of light moves upwards. Similarly, if you push the
rudder with the left foot, the light will move to the left and 1f
you puch with the right foot, the light will move to the ripght
(demonatration). Thus, by co-ordinating tho movenents of stick
and rudder, the spot can be moved in any direction, lNow mova
the spot of light back onto the centre of the circle on the

seraon,

During the test the light =1ll tend to move by itself
away from the circle. By co-ordinating the movementa of the
stick and rudder you must counteract the tendency of the light to
wander and keep it in the centre of the circle. Should it go more
than helf its dismeter beyond the circumference of the circle, in
any direction, a clock will record ageinst you the length of tiwe
that it is outside the circle.

Your task is therefore to keep the spot of light central,
and ghould the light move beycnd the circumference of the circle,
to bring it back to the centre as guickly as possible. Is that
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quite clear? Now keep the light in the centre of the circle
and do not move the controls until you get the starting signal.
Are you resdy? Begin!" '

it is cu&tomary for the cbserver to switab.an first th@
main supply and then the lightespot, to let the subject demons
ptrate for himeelf the effect of the controls on the lightespot.
‘Then, when he is '"set" and has the 1i¢ui centrsl,y YRudder” mnd
stick™ switches sre put on and finally, the "Driving Motor'.

when the subject has performed for three minutss, the
main switch is turned off and the "Hrror<time" in seconds on
the respective "Stick" and "Rudder” ciacka‘ia‘raeard&é, Tinen
the second section followst

"{n the next test trisl, you are required to use the
lever on your left as well. At irregular 1ntérvals, these two
lights will asitch on. To put out the right-hend 1ight, you
push the throttle back. To put out the leftehand ldight, you
push the tarottle forward. (Demonstraticn) It s eszential bo
put the lights out as quickly as possible, as the time that they
rempin on is recorded against yous You wmust avoid pushing the
lever backwerds and forwards wildly, and it must be returned to
the central position each time, '

AG baforeﬁﬁﬁn& of 1ight aust be kept in the centre of
the circle. If you allow &t to drift beyond the clroumforence,
errors will be recorded sgainst yous Treat the lights an av;ide
issuze, but do not neglect thems Now remumber, ce-crdinate the
stick and rudder movements, and at the sane time put the iighta'
aut whenever they appear. Ready? Begim!“
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This segtion alsc lasts for threc minutes, The "Srrore
time"” on the"stick" and "rudder" clocks, and the reaction-time to
the distraction lights which has accusmulated on the other two
clocke, is recorded. The subject's raeerd ia the total "Srropr-
time" 4n seconds for both sections, pluas the totsl reaction-tine
in the second section after it has been converted from
thousandths of a minute to seconéa.

Results and Diacussign

As it was not practicable to do any re-~testing of aire
pilot candidates, an indication of the test's reliability was
obtained by "split-half"” correlation botween the first and
second sections corrected by the SpearmsneBrown foreula, The
coefficlents (Table I), computed on two separate annual groups of
subjecta, indicate quite good reliability, particularly in view
of the fact that the second section of the test was not identical
to the firet because it incorporated the additional task of
reacting on the throttle-lever to the Adistraction lights.

The relationship of test performance to success in fiy-
ing training is shown in Table 2 by biserial correlations with
a Pass/Fail criterion on the annual flying courses over a perioed
pf five years.

The aignificance levels and aloo the mean biserisl
coefficients for all the annunl groups were obtained by Tate's
Z*~transformation method (4, 5,). All the significance levels
are two-tallled, although there would probably have been good
Justification for giving them asz one~tailled because it was
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expected, in the light of previous findings with the A.L.C,
Vark I, that the present test would relate to flying success.

#ith the exception of the 1855 group, there is o
general tendency for test perforuance o correlate with fiying
successy but, becsuse of the amall size of the separate mnnwal
groups, most of the coefficients do not reach the 5% level of
significance. However, the mean cosfficients for the five groups
namely 0.32 (Section 1), C.31 (Section 2) and C.25 (Distraction
lighte, only), are highly significant and in the expected
direction. It s likely that the validity chomn by the dloe
traction-light subesection derives largely from its ewperisentel
involvement in the smain co-ordimative task of steering the lighte
spot with the stick and rudder<bar. =Rarly investigations in the
Aptitude Teet Section during the lsst war showed pretty conclue
sively, that thic elementery kind of reaction by ftgelf &id not
relate te flying enccess; |

" The validation in Table 2 was done on groups which had
been highly gelected for flying treining by weans of a hatisry
thet included the 4.1.C. as one of the prinmcipzl tests. This
meant the inciusion of very fow inferior preformances, snd ihe
resultani restriction of range in the criterion groups muat have
had quite a considerabls effect in depressing the correlations,
8o that, for the most part, they sre probsbly an underw |
estimate of the sctual valldity of the test, |

Productemoment correlations between the total score
on the 4.L.C. test (positively sccelerated) snd achievement in
some of the main branches of a recent flying course are glven in
Teble 3. Ac the A.L.C. test was included agsin in the nelectione
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battery, depression of the correlatiocns through curtailment of
the spmple could also have occurred here.

is could be expected, there appesrs to be little or no -
relationship botween the £.L.C. test and the "ground" or theoretie
cel branches of the cohrae, but the test correlotes significontly
(0.40) with practical sirmenchip. Intellectusl tecto such no
 Mentsl Alertneas and Technical and Sclentific Comprehension which
cosrelate with certain of the thearatical'branches. show no
gignificant relationship to practical airmonehip., The latter is
regarded as the ultimate proof of the pilotts proficlency, and 4f
he cannot fulfil certain minimum requirements, he does not gualify,
irrespective of how well he msy have fardd 4n the theoretical
excninations. It is therefore obvicus thet o tegt which ahows
useful validity for predicting snccecs in practical flying, iso
‘highly deeirable.

Relationshipe betwecn achievement on the AJL.C. and
scores on various other tests are given in Table 4. The NJL.C.
appears to be a very spacific test. Apart from a very sasll
correlation with Thurstone's Repeated Letters test, it shows no
connection with any of the intellectual, perceptusl or tempersment |
and personality variates. 'Héwever, it shows o amsll to modevate
overlap with Floating Effect Co-ordinstion (1), Variable Co=
ordination (2), and the Willemse Bosrd {3) in which a long sioping
board is tilted by the subject to steer s rolling marble pait
obstructions into a receptacle. |

Table 5 gives the mean scores on the A.L.L. and four
mental tests, of zubjects whome home language was regpectively

English or ifrikasns. GScores for the mental tests reflect posi-
tive achievement, but those for the 4.l.C., the total “Error~time"
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in peconds. On the mental tests the Faglish group'acorad
significantly mors. On the A.L.C., while it appears that the
Afrikaens group fared rather better, the eigrificance of the
éifference betweon the means does mot reach the 5% level.

There sre wvarious possible axplanations for the
guperiority of the Inglishespesking group on the mental tests
which will not be discussed here apart from mentioning just two.
Firatly, there ig a far greater quantity and veriety of tecihnical
and scientific literature aveilable te the Inglishespesking in
their own language; secondly, militery air-pilotage a5 a caresr
has less attraction for the intellectually higheregrade Afrikasns
gpeaking then for the znglish#speaking of similer atendard.

SUMMARY AND CONCLUSICHRS

1. The mechanical functioning and application of an ArmeLeg
60~or§1nation test apparatus specifically designed for use
in szelecting candidetes for eirepilot training in the South
African Adp Force, is described.

24 Reliabiiity coefficients derived from “split-half" correlaw
tion betweon the first and second sections of the test on
separate semples of 161 and 185 subjects, were respectively,.
889 or 0.91. '

2+ On five consecutive annual groups totalling 181 pupil pilots,
The following mesn bigerial correlations were obtained
‘betveen achievemont on the test and succens or failure in
flying training: 3Section 1, 5Stick and Rudder Coweordinstion,
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G.32 (P » 0,0002); Section 2, Stick and Rudder Coordinstion
plus Throttle-light distraction, Q.31 (F = 0.0003)5 Yhrottiew
light dimtraction by itself, 0.2% (P = 0.0042).

A profuctemonent correlation of O.40, algnificont af betier
than the 5% level was obtaimed betwoen tetsl perfermanes on
the 4.L.C. and achievesent in practical sirmsnebips

‘The sbove vslidity ¢oeffici@nta probably give under-cstimates

of sctual validity boecsuse of rentriction of ranze inm the
criterion groups through pro-sclection, '

There appears to be no significsnt ?elﬁﬁiaﬁmhi@‘hﬁ%ﬁ@ﬁﬁ the
A.LeCe and the theoretical branches of the flying course.

Th@‘ﬁ.h.ﬂ.‘iﬁ e very specific tast, bub it Suea show small
to soderate gorrelntions with three other voe.ordinationn
teats, | '

Yhile subiects whosge howe lengunge was Paglieh Sended to do
better st certein sental testo than thoze vhose hons longusge
was Afrikeans, thors ums no signifieent difference $n the
@0an perforvsnces of the groups on the iul.l.

Bamed epmentinlly on an earliar‘péataﬁxpe dovised by the

_writer in the iptitude Tests fection of the S.4.A.Fe Guring

the lest war, the present model of tho A:L.C. Smcorporutes
eertain mechanical improvements and during tho past £ifieen
yoﬁra 1t Has been a standord teat in all S.hebeFs rilot
seloction batteries. Shortly after Lhe machine bad bess
conpleted and tried out, full constructionsl detsile vere
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made available to the Royal iir Force in Britain. It has been
reported that the R.A.F. constructed and sre using, a similar
device they call the “¢ pringbok" : '

ACKROSLEDGEMENTS

construction of the Mark II model wns dome in the
Central Forkshops of the South African Councll for Scientifie and
Industrisl Resesrch under the supervision of Hr. J. van der Stoay.
¥r, 5. Harrieon did the mechenical work; Mre R.J., Botes, the
woodwork; and Mr. 5.0, Botes the clectrical installstion,

KEFEREKCES

l, DE §ET, D.R., Co-ordinatien ané flosting effect i
: - Nat. Inst. Personnel Rﬁgvg 1@59' 89 28",“58»

fe  DE VET, D R. A variable éa—ordinationAte#t and its
potentiality as 2 goupge of eptitude for sirmane
Shipo Paz,chol. ﬁ.f!’q 19631 91\ 3‘5—99:

3, SKAWRAN, R.F. The Willemse bosrd as a perosonality tee *
ggchol. Af:‘., 1962‘ 10 72‘&5

ba TATE, E,?. The blserisl and peﬁnt correlation coefficienta.
Unive Ne Carolins Inst. Hath. otat» Fimeographed
Seriee Ko. 14,

5. #ALKER, H.P. and J. LEV. Statisticsl Inference

New Ybrk, Henry Holt, 1953%. (refers to Tate
above Z269w270)

73



TABLE 1

Correlation between first and second section of test.

Group N r Rel.
1 161 0.80 0.89
2 V185 0.84 0.91
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Biserial correlations with Pass/Fail Criterion.

TABLE 2

1956

Year 1952 1953 1954 1955 Oversll
B 29 23 38 48 43 181
Pasces 25 18 30 34 33 140
Failures k 5 8 14 10 5
Co=ord.
Section
r bis 0.38 0.27 0.43 0.02 0,52 0.32
P 0.0930 | 0.1892 | 0.0182| ©.8886] 0.0019| 0.0002
Co-ord. +
Distraction
r bis 0.31 0.35 0.38 =0,02 0063 0051
P 01586 0.1616 | 0.0536| 0.8886] 0.0002| 0.0003
M straction
Lighte only
r bis Cel? 0.19 Cu32 0.26 0430 0.25
P 0.4716 | 0.0930] 0.1470] C.0970! 0.0042

0.4778
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TABLE

Relationahip of A.L.C. and two mentsl tests to various
Flying training criteria.

(Decimal points omitted)

N Flying Training A.L.C.' Ment, Tech.
Criteria Total Alert. | S. Comp.
55 | hero Dynamice 17 18 Xls
57 | Meteorology -18 338 3p
55 | Aviation 18 -0l 18
55 | Engines -25 1 09
5% | Instrumente 22 15 s
63 | Radar 02 06 258
5% | Approach Alds 06 39a 278
56 | Navigation 15 28s 23
54 | Ground ¥ '05 268 36m
55 | Flying ¢ Los ok 10

"5 4mplies significance at the S%¥ lsvel or better.
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TABLE 4

Correlations between A.L.C. and other tests.

(Decimal points omitted)

N Other Tests AJLC.
177 | Mental Alertness 6§
177 | Technical and Scientific Information «09
177 | Technical and Scientific Comprehension| 01
177 | Flying Interest Inventory Ol
176 | Mathematice 05
132 Gottschqidt Figuros 05

- 132 | Demigns Test =09
126 | Dots Cancellation 10
132 | Repeated Letters 228
177 | Span of Attention 11
177 | Serial Discrimination «07
177 | Flicker Fusion 02
113 | E.E.G. alpha Frequency 06

| 128 | rersonality Inventory - 02
172 | Temperament juestionnaire 09
177 | Steadiness (Manusl) 12
177 | Floating Effect Co-ordination 25s
177 | Variable Co-ordination 26s
177 | %illemse Board (Co-ord.) 328
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Weons end 3.D.s of English and Afrikasns spesking
: ' subjects.

| Pnglish 872 lafrikasns N=105! ,, Re of

TEST ‘
Hean 3.D. | Mean | S.D. DAff. ﬁ'a

Tachs and Selent.

Information | 37.49 | 4.46) 29.99| S.4b | 9.98
Teth, ond Sclemt. | | | | |
Compe 22,26 | 3.78| 19.77| %27 | 4,06
Tyt g‘Interost | _ ‘ ' '
lnmﬂt@m % . 6? 12 c}& “508@ 10, 35 hc%
entsal Alertness | 27.76 | 3.98] 24,49 | 5,27 | 468
Lrmelog B o '
Co-crdinator 379.19 | 74,13 | 364,96 | 85,12 | 1.7
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AIR-PILOTS' ARM-LEG CO-ORDINATOR MARK |I. PLATE 1.
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AIR-PILOTS” ARM-LEG CO-ORDINATOR MARKIl. PLATE 1.
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AIR-PILOTS” ARM-LEG CO-ORDINATOR MARKII. PLATE 2,
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AIR-PILOTS’

ARM-LEG CO-ORDINATOR MARKII. PLATE 3.
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AIR-PILOTS” ARM-LEG CO-ORDINATOR MARK II. PLATE
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MARK 1.
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AIR-PILOTS’ ARM-LEG CO-ORDINATOR MARK Il. PLATE 6.




THE RouUNDABOUT TEST ) 51

ROUNDABOUT PURSUIT TEST. PLATE 2.

A= yunction-block for main power-supply. When not in use.
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50 D. R. pE WET

which on the smooth metal -surface proved too difficult when attempted simul-
taneously with the other task.

The pursuit-unit is a straightforward piece of electro-mechanical equipment
made up as follows. A rectangular wooden case constitutes both a housing for
certain electrical components, and a platform for mounting a switch-panel, a clock,
a constant-speed motor driving a metal disc, and some smaller fittings, including
holders for the two sections of the tiller-rod.

Pivoting on an extension of the motor-spindle, but insulated electrically from
the disc, is a vertical bush having at its upper end a fork and thimble to provide
linkage with the tiller-rod, and at its lower, a pointer projecting out radially over
the disc. This pointer is slotted to allow of adjustment in the position of a small
stud that clamps to it and makes light spring-loaded contact with the disc-surface.

On the disc, extending back from its rim, an inset of bakelite forms a non-
conductive area between disc and stud, and being triangular with its apex outwards,
permits the difficulty of the subject’s task to be pre-set at a higher or lower level
by clamping the stud at a position on the pointer nearer to or further from the
periphery of the disc. (For all testing done in connection with the present study,
the stud was kept clamped at a constant position seven-eighths of an inch inwards-
from the apex of the inset.) _

As shown in Plate 4, a spring-loaded brush at the top of a vertical pillar under
the disc connects the latter to a wire leading to the clock-clutch and a potentio-
meter that functions simply as a convenient means of controlling the loudness of
the buzzer with which it is in series. Another wire couples one 6-volt pole on
the transformer with the motor-housing, and continuity extends via the motor-
spindle to the pointer and stud, but only includes the disc when the stud is off the
bakelite inset and in contact with the metal surface. For the duration of such
contact the buzzer sounds and the clock records.

Switch A controls the main power-supply; B enables the clock and buzzer to
be isolated when the disc is run on to the standard starting position for each
section of the test by means of D. The transfer-switch C potentializes either D
for the above purpose, or the remote-control switch E used during the test for
stopping and starting the motor and changing its direction of rotation. E is
mounted in a small ebonite case and has a long. three-cord cable terminating in-
a jack-plug that couples to a socket in the switch-panel. Rotation of the disc
in either direction is always at a constant speed of four revolutions per minute.

Two accessories that greatly facilitate operation of the remote-control in a
standard manner are the index-rings for the observer’s stop-watch, shown in Plates
1 and 3. Constructionally identical, each has on its flange a particular series of
painted marks to indicate the time-intervals for changes in control. The ring fits
snugly in position around the stop-watch dial, and with the test-trial in progress,
as the stop-watch hand passes each mark in turn, the observer gives an appropriate
turn on the knob to stop and start the disc or change its direction of rotation.

Testing procedure .

The upper photo in Plate 1 shows how the apparatus is arranged. The
pursuit-unit rests on a small square table in the middle of the room, its disc being
more or less central with the table-top. Two trays, each containing six steel balls,
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are so placed that one or other will be easily accessible to the subject from any
point round the table. The remote-control switch is fixed with a light G-clamp to
the observer’s table that stands well to one side, and the cords leading from both
this control and the main-supply to the pursuit-unit are covered with a piece of
linoleum to prevent the subject from tripping over them. Having assembled the
tiller-rod in its fork and set the bakelite mark on the disc at the standard starting
position (i.e. pointing towards the corner of the room diagonally opposite from
where the observer will sit), the observer demonstrates to the subject what is
required.

“ The disc with the black mark will be turning steadily, and by means of the
rod which you hold in your left hand at the knob, you must try to keep this pointer
.over the black mark. . Whenever you allow the pointer and mark to drift apart,
"a buzzer will sound, which means that error is being recorded against you, so get
them together again as soon as possible. Now while you are doing this and
moving round the table, you must keep a steel ball balanced like this with your
right hand. Both tasks are equally important; the longer you keep the ball
balanced and the more carefully you keep the pointer on the black mark, the
better your score will be. If the ball rolls off, don’t try to pick it up; just take
another from one of these trays for the next trial. Get into position now and see
that the pointer is on black and the ball nicely balanced.”

At the remote-control, the observer says, “ Ready? Go!” and sets the disc
rotating forwards, at the same time starting the stop-watch. When the subject
lets the ball drop, both watch and disc are stopped, and the duration of the trial
is recorded on the scoring-sheet. However, should the ball be kept on the mortar-
board, the trial is prolonged for thirty-seconds and this figure recorded.

Using either the same ball, or taking another from a tray, the subject gets it
balanced in readiness to start the second trial from the position where the first
ended. The observer says, “ Ready? Go!” and as the stop-watch is started, sets
the disc going in reverse. This trial ends likewise when the ball drops or the
maximum duration of thirty seconds is attained, and the time is recorded as before.
For the third trial, the subject takes another ball from a tray if necessary, and
carries on from where he stopped in the second, but the observer sets the disc
running forwards again. Procedure in the fourth trial is identical, except that
the disc runs.in reverse. These four trials comprise Section A (Plain Circuits),
and the subject is allowed a brief rest while the observer records the “ Error Time ”
on the clock (i.e. total period during which the pointer and disc-mark were out
of alignment), resets the clock to zero, and runs the disc on to the starting point
with the mark pointing towards the corner of the room. The subject is then told:
“You start another series now; take up your position with the ball balanced and
the pointer in line.” .

The observer slips the index-ring labelled B over the stop-watch dial, says
“Ready? Go!” and starts the disc rotating forwards. As the stop-watch hand
passes each mark on the ring, the control-switch is turned to alter direction of
rotation, and in this series also, activity continues for thirty seconds or ends when
the ball drops. The next trial is carried on from where the previous one ended,
rotation starting in reverse this time and the direction alternated accordingly as
the stop-watch hand passes the marks on the index-ring. A third trial, starting
forwards again, completes Section B (Simple Alternations) and the subject gets
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ROUNDABOUT PURSUIT TEST. PLATE 3.
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another short rest while the observer notes the “ Error Time ” on the clock, resets
to zero, and runs the disc back to the starting point for Section C (Complex
Alternatlons)

The index-ring labelled C, used on the stop-watch in this last series, has some
marks for imposing changes in direction of rotation, and others (bracketed in the
note below) to provide a momentary stopping of the disc and resumption of
movement in the same direction. Procedure is essentially the same as for Section
B, three trials being given, starting respectively: reverse, forwards, reverse. As
before, the duration of each trial up to the maximum of thirty seconds, and also
the “ Error Time ” that has accumulated on the clock, is recorded.

The calibrations on the index-rings correspond to the followmg second-
1ntervals on the stop-watch:

Rlng B: 3, 6, 10, 12, 16, 19, 24, 27.
Ring C: 4, (7-5, 8-5), 11, 14, (15-5, 16-5), 21, (235, 24-5), 27.

The above procedure, which was used in the experimental application of the
test to be described here, has a distinct weakness that should be remedied in any
future work. This concerns the ending of a trial when the subjects let the ball
drop, which benefits those who are unable to keep the ball balanced for long, in
so far as they have less time in which to accumulate error. It would be much
better to have an equal total amount of actual balancing time for each subject.
Recording would be stopped temporarily when a ball dropped, and then resumed
when it had been replaced. In this latter method the two measures would be the
total period during which the pointer was off the mark on the disc, and the number
of balls dropped; total time spent in actual performance being an equal quantity
for all subjects, although the number of breaks in the continuity varied from one
subject to another.

Application and results

The test was applied experimentally in 1956 to a group of air-pilot candidates
for the South African Air Force, with the main object of ascertaining its usefulness
as a predictor of success or failure on a course of flying training, but also to
obtain some information on the inter-relationship between measures and sections
within the test and the extent of its relationship to certain other sensory-motor
tests.

. Selection of the forty-seven candidates (Table 1) who were accepted for
training was done on the basis of other testing and interview procedures, and
performance on the Roundabout carried no weight. For validation purposes, five
candidates who were suspended from the training course for reasons other than
poor airmanship, have been excluded.
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ROUNDABOUT PURSUIT TEST. PLATE 4.
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Table 1

Derivation of sample

Year . 1956

Applied for flying course .. .. .. 163
Did Roundabout test .. .. .. .. 161
Accepted for training . .. .. 47
Suspended from training (all reasons) oo 13
Suspended for poor flying abl]lty .. .. 8
Did Roundabout test .. .. .. 8
Completed course successfully .. .. 33
Did Roundabout test .. .. .. .. 32

As Section A of the test consists of four trials, and B and C of three each,
to make direct comparison easier the means in Table 2 are glven in terms of thc
average time per trial for each sectlon

Table 2

Means in terms of the average time per trial in seconds for each of the three sections of the rest .

Number of cases = 161
Three sections of test A B C
Number of trials in each 4 3 3
Possible duration per trial 30 30 30
Average duration achieved 168 13-0 15-0
Average ““ Error Time 2-5 - 3-0 3-3
S.D. . 1-8 2:0 - 20
Average * Correct Time > .. 14-3 10-0 11-7
S.D. .. ce 7-5 6-0 67
Critical Ratios of the differences . ,
Sectlonsoffest .. .. .. A &B A &C B &C
Average “ Error Time ”. . L 4410 6-56 2-24
Average “ Correct Time » .. 8-32 4-86 3:96
'(t 2 2-24 implies significance at better than the 3% level)

Two opposing influences are present; firstly, the effect of practice which makes
" for improvement, and secondly, some increase in basic difficulty between the
sections that retards improvement. In Section A, successful activity is maintained
for a longer period and less error made than in B and C. Between A and B there
is a significant reduction in the period of successful activity and an increase in
error-time, together reflecting the substantlally greater basic dlﬁ"lculty of Simple
Alternatlons over Plain Circuits. In C there is a marked increase in the period
of successful activity over that in B, accompanied by an increase in error-time
considerably less significant than it was between A and B. Present results do not
warrant any conclusion on whether the gradient of basic difficulty between Plain
Circuits and Simple Alternations is greater or less than that between Simple
Alternations and Complex Alternations, but. in either case it seems likely that the
cumulative effect of practice would have been greater at the later stage of the test.
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Intercorrelations between the three sections of the test are given in Table 3.
These values will have been depressed because the introduction of changes of
direction in the second section and stops in the third made the three sections rather
different, and in a sense, separate tests. Nevertheless they can be used to give an
indication to the lower bound of the reliability of the procedure as a whole. By
applying the Spearman-Brown prediction formula, using the average of the inter-
section correlations as the lower bound estimate of reliability of a single section -

of the test, and regarding all sections as being of approximately equal length, then
the overall re11ab111ty would be of the order of 0-80 for “ Correct Time ” and O-84
for “ Error. Time.”

Table 3
Product-moment intercorrelations between sections on the measures ** Correct Time” and ** Error
Time > :
N = 161 Correct Time Error Time
 A&B .0-55 0-64
A &C 0-55 0-63
B-& C 0-64 " 0-62
Meanr . 0-58 0-63
P of Mean r <0-0001 <0-0001
P of the difference between Mean r's >0-45

The correlations between “ Correct Time ” and “ Error Time ” in Table 4
are practically zero for Section A, but significant at the 10 per cent level for B,
and at better than the 0-01 per cent level for C. In the Roundabout test, even
although instructions stress the equal importance of both activities, the subjects
cannot be compelled to distribute their attention in an identical and consistent
manner. Differences are likely, both between the performances of individuals
and between stages in the individual’s own performance, and the latter differences
in particular, could be expected to occur most markedly during the early section
of the test where the subject finds himself in a strange situation and under the
necessity to explore for some suitable system whereby he can accomplish two
exacting tasks simultaneously. The instability characterizing this experimental
period seems a probable reason for the apparent lack of any relationship between
the two activities in Section A.

Table 4
Product-moment correlations between * Correct Time” and *“ Error Time™ for each of the three
sections : .
‘ P of the differences betwee
N 161 left
Sect. A ‘B C
T —0-05 - 0-13 0-23 A&B A&C B &C
P 0-529 0-099 0-004 0097 0-009 0-340
- . ! )
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With regard to results obtained by the autiior on Handlebars (1) and Variable
Co-ordination (2), it was mentioned that in self-paced sensory-motor tasks there
is a factor of instrumental dependence that makes for some positivity in the
correlation between “ Error Time ” and “ Time.” This implies that the longer
the duration of the activity, the greater the scope for the accumulation of * Error
Time,” and to make such a relationship possible, it is of course necessary that
the duration of the activity should also be a test-variate. This requirement is met
in the case of self-paced tasks affording measures of both quantity and quality,
like the above two tests, but not in certain “ pursuit ” tasks exemplified by the
Koerth rotor (3) and the Carl Heinrich co-ordination apparatus (Melton, 4) where
duration of activity is a constant and there is only a qualitative measure of time
on or off a criterion. In the latter category, therefore, the question of such
dependence does not arise.

Although the Roundabout is also a “ pursuit ” test, in so far as a constant
rate of work is imposed on all subjects, the fact that both the duration of the
activity and its quality are test-variates, makes it, in another respect, more closely
“identifiable with the self-paced type, and the presence of some instrumental
dependence between the variates can be reasonably assumed. This would be
supported by the significant positive correlations between “ Correct Time ” and
“Error Time ” in Sections B and C (Table 4). It is possible, that in Section A
where there is no correlation, the effect of this dependence has been overrun by
stronger influences relating to adaptability in the new situation.

Biserial correlations between performance on the Roundabout and subsequent
achievement in flying training are given in Table 5. “ Correct Time,” which
reflects the duration of successful activity in keeping the ball on the mortar-board,
shows no significant validity. On the other hand, the aggregate of ““ Error Time,”
which is a measure of failure in keeping the pointer synchronized with the rotating
disc, has a correlation of — 0-35, significant at better than the 7 per cent level.
Whether subjects in general tended to allocate more attention to the rotating disc
than to the ball and mortar-board, cannot be inferred from the present data. With
regard to the three sections A, B and C of the test, the differences between the
respective correlations are not significant, and there is accordingly no indication
that any one section would be more useful than another for the prediction of
flying ability.

Table 5
Biserial correlations between performance on the Roundabout test and success|suspension in flying
: Correct Time Error Time
Section of test
*bis P rbis P
A. Plian Circuits .. .. .. Ll 0-20 0-312 —0-25 0-184
B. Simple Alternation .. .. .. 0-02 0-897 —0-33 0-078
C. Complex Alternations .. .. .. —0-17 0-412 .| —0-30 0-114
Aggregates .. .. .. 0-05 0-749 —0-35 - 0-066
N = 40 (Successes 32, Suspensions 8)
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To sound the extent to which censoring of the distribution as shown by the
selection ratio in Table 1 would have affected the validities obtained, two biserial
correlations (not given in the tables) were done on Roundabout performance
between the group accepted to undergo flying training and the rest of the total
sample who were rejected. On aggregate “ Correct Time ” the biserial was zero;
“on aggregate “ Error Time ” it came to —0-18 (P == 0-063); the number of cases
being 161. Censormg has probably had a slight adverse effect on the validity of
the “ Error Time ” measure.

In Table 6, showing the correlations between the Roundabout and certain
other sensory-motor tests, a point of general interest is the similarity in pattern
between the columns for “ Total Time ” and “ Correct Time,” produced by the
obvious close connection between these measures.

Table 6
Product-moment co(‘relalions between the Roundabout and other sensory-motor tests
ROUNDABOUT
Total Time Error Time Correct Time
r P r P r P
FLICKER CFF (Aggregate) .. | —0-11 0-165 { —0-01 — | —0-12 0-129
TWO-HAND  CO-ORDINA-
TION (Moede Type)
Errors . .. 0-06 — 0-00 — 1 0-06 —
Time .. .. .. .. |’ —0:30 | <0-0002 | . 016 | 0-043 | —0-35 | <0-0001
ARM-LEG CO-ORDINATION .
(Air-pilots)
Without distraction .. .| =017 0-032 0-09 — | —0-20 0-011
With distraction .. oo | =025 0-001 0-00 — | =027 <0-001
STEADINESS (Manual) -
Total Time .. .. —0-02 — 1 —0-01 — | —=0-02 —
Error Time ... .. .. | —0-19 0-016 003" — | —-020 0-011
HAND-FOOT REACTION
Learning Time . .. —0-07 — 0-02 — | —0-08 —
Speed .. .. .. . | —0-01 — | —0-15 | 0-057 0-03 —
Errors .. .. .. | —0-06 — | —0-07 — | —0-04 -—
HANDLEBARS CO-ORDI-
NATION :
Total Time .. .. .. | —0-09 — 0-01 — | —0-09 S -
- Error Time .. .. .. | =025 0-001 | —0-07 — | —0-24 0-002
Number of cases = 161

2

“Error Time ” correlates to a small but significant extent with speed on
Two-hand co-ordination (Moede type) and Hand-foot reaction, which means that
there is a slight tendency for fast workers on these tests to do better than slow
ones in keeping the pointer synchronized with the disc on the Roundabout.
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All the more substantial correlations are on Roundabout * Time ” (Total or
Correct), and the largest of these is with “ Time ” on Two-hand co-ordination -
(Moede type), implying that proficiency in keeping the ball balanced is linked with
fast two-hand co-ordination. In the Arm-leg co-ordination test subjects had to
use an aircraft-type stick and pedal-bar to keep a drifting lightspot on a target.
The second section of this test, with the additional complication of distraction-
lights that had to be extinguished by reacting on a “throttle ” lever, appears to
relate more significantly to “ Time ” on the Roundabout than the first section,
probably because of the increased demand for distribution of attention. Success
in keeping the light on the target is associated with success in keeping the ball
balanced.

“Total Time ” on the Handlebars test has no connection with any measure
on the Roundabout, but “ Error Time ” correlates with “ Time ” on the Round-
about, which denotes that careful work on Handlebars is associated with
prolongation of the balancing-activity on the Roundabout.

The correlation between “ Time” on the Roundabout and Flicker-fusion
threshold misses acceptable significance, but does not run counter to the hypothesis
that the less inert subjects with a higher fusion-threshold should have a rather
better faculty for distribution of attention and be less disorganized by a sudden
change of set than the more inert or “ secondary ” subjects.

From the practical standpoint, the most noteworthy fact emerging from this
table is that “ Error Time ” on the Roundabout relates much less to the other
tests than ““ Correct Time,” whereas it surpasses “ Correct Time ” in having some
validity for flying training, and this suggests that “ Error Time ” on the Round-
about might be a useful contribution to a battery of sedentary tests. “ Error
Time ” being the measure intrinsic to the pursuit-unit that actually keeps the
subjects moving, is perhaps more directly representative than  Correct Time ”
of those factors of overall bodily agility and kinaesthetic control which are lacking
in the sedentary tests.

Summary and conclusions

1. This paper describes the construction and experimental application of a
sensory-motor test involving postural balance, co-ordinated response from
diverse body-musculature, distribution of attention, and flexibility in
reacting to a sudden change of “set.”

2. The test comprises the two-fold task of balancing a ball on a mortar-
board while moving about to keep a pointer synchronized with the mark
on a rotating disc, and it was administered in three sections intended to
be of progressive basic difficulty. In the first, trials always proceeded in
the same direction in which they started; in the second, sudden changes
of direction took place during trials; in the third, there were both sudden
changes and momentary stops to arouse the false expectation that changes
were occurring.

3. On a sample of 161 prospective air-pilots, the following three measures
were obtained: Duration of activity in keeping the ball balanced (Total
Time); period during which the pointer was off the mark (Error Time);
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duration of successful activity (Correct Time, i.e. Total Time mihus‘
Error Time). The present study is mainly concerned with the measures
“ Correct Time ” and “ Error Time.”

In Section B subjects tended to make more error on the pursuit-unit and
keep the ball balanced for a shorter time than in A. In Section C they
made more error, but kept the ball balanced for a longer time than in
B, and if C is basically a more difficult section than B, then this actual
improvement on the one measure has probably come about through the
cumulative effect of practice.

There is no indication that one of the measures “ Correct Time” or
” is more reliable than the other; as far as can be judged
by the inter-section correlations both have a useful reliability.

Small but significant positive correlations between “ Correct Time ” and
“Error Time ” in Sections B and C are in agreement with the influence
of some instrumental dependence between these variates; such dependence
implying that the longer the duration of the activity, the greater the scope
for accumulating error. In Section A it has probably been overrun by
stronger influences germane to the novelty of the situation.

“ Correct Time,” or the duration of successful activity in keeping the ball

_on the mortar-board, shows no significant relationship with the flying-

training criterion. But the aggregate of “ Error Time,” which is a
measure of failure in keeping the pointer synchronized with the rotating
disc, has a biserial correlation of —0-35, significant at better than the
7 per cent level. -

There appear to be no significant differences between the three sections
of the test, namely Plain Circuits, Simple Alternations, and Complex
Alternations, as regards their respective value for the prediction of success
or failure in flying training.

Roundabout “ Time ” (Total or Correct) reflecting the duration of the
balancing-activity, relates more noticeably to certain other sensory-motor
tests than “ Error Time,” the largest correlation being —0-35 (P<0-0001)
between Roundabout “ Correct Time” and * Time” .on Two-hand
co-ordination (Moede type). In view of its comparatively small correla-
tion with the other tests and the fact that it has some validity for flying
training, Roundabout “ Error Time ” can possibly make a worthwhile
contribution to a battery of such sedentary tests.

It is strongly recommended that the present testing procedure be modified
by having a constant total duration of performance for all subjscts instead
of ending a trial when the ball drops. This would eliminate the effect
of experimental dependence that benefits those suijcts who cannot keep
going for long and have proportlonate]y less time in which they can
accumulate error.

The Roundabout apparatus would lend itself to a variety of experimental
work; and the simple system of index-rings for a stop-watch (or clock)

"might be useful in other tests where the observer has to present stimuli

manually at short prescribed intervals.
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AN IMPROVED STEADINESS APPARATUS AND ITS VALIDITY FOR
AIR-PILOT SELECTION

D. R. DE WET

(Received 31st July, 1959)

Equipment for testing steadiness of hand
can be classified into three broad types on the
basis of a patent behavioural distinction.

The first comprises “Non-volitional” tests,
applicable when the main purpose is to study
involuntary hand-tremor, usually of toxic,
organic, or functional origin. Two well-known
examples are Sommer’s “Tridimensional
Analyser” which uses a system of levers
operating three styli to record vertical, longi-
tudinal, and lateral finger-movements; and
the Beall and Hall “Ataxiagraph” using an
optical system to obtain photographic records
of finger-movements in two planes.

In the second group, which can be described
as “Volitional-dexterity”’, the emphasis is on
voluntary manipulative performance and
special provision is made to eliminate or damp
down the effect of finer involuntary tremor.
Such tasks are essentially visual-motor co-
ordination activities involving the use of one
limb. Most tracing-board tests of the kind
developed by G. M. Whipple and others come
into this category. Throughout the task, the
stylus-point is in contact with a solid ground
and involuntary movements are greatly
_ reduced. .

Between these two extremes of ‘non-
volitional” and “volitional” steadiness there
is a wide variety of possible situations com-
pounded from both in different proportions.
A good example of such an “Intermediate”
test is the standard laboratory apparatus con-
sisting of a stylus and a sloping metal plate
having a series of holes graded in diameter.
The subject must try to insert the stylus-
point almost its full length into each hole and
withdraw it without contacting the sides; any
contact is recorded as error. The acts of in-
sertion and withdrawal are voluntary, but as
the subject works “free-hand” and no part of
the stylus is on any solid support, involuntary
tremors have unrestricted play and in- the
smaller holes may become the principal source
of error.

Steadiness tests like those used during the
last war by the American Army Air Forces
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(Melton, 1947) for air-crew selection, could
also be grouped as “Intermediate”. They took
the general form of a metal rod supported by
the subject at arm’s length inside an orifice,
as far as possible without contacting the sides.
Periods of holding were alternated with
periods of rest. The act of holding was volun-
tary, and here, too, the lack of support meant
that involuntary movements were untram-
melled, except to a slight extent by the weight
of the rod.

Excluding toxic and organic tremors which
are usually associated with abnormal physio-
logical conditions, the commonest manifesta-
tion of involuntary tremor is that of func-
tional origin. While this may be a recognised
symptom of certain psychotic or neurotic
conditions, its most familiar occurrence in
normal life is in relation to emotional states
such as fear and rage.

Steadiness tests of the “Non-volitional” type
would seem to be best suited to clinical work
and as indicators of temperament traits rather
than skill in normal subjects. For occupational
selection purposes tests have tended to be of
either the “Volitional-dexterity” or the
“Intermediate” type in which the degree of
latitude allowed for involuntary tremors has
been determined to some extent by the speci-
fic job requirements and the relative import-
ance attached to the “temperamental” and
“skill” aspects.

Let two analogies be compared; say, the
respective selection of rifle- and pistol-
shooters. The first group will be using a
heavier weapon less responsive to fine tremors
and held with both hands against other por-
tions of the body to secure a further steadying
effect. The latter group will have to hold in
one hand and at arm’s length a comparatively
light weapon with less inertia to dampen un-
wanted movement and no auxiliary support
whatever; a situation of extreme mechanical
instability, that not only fosters involuntary
tremors but magnifies these greatly at the
gun-muzzle. As Melton (1947) records, in
connection with findings on an Aiming Stress
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test applied to air-crew candidates: . . . the
arm acts as a lever in the amplification of
movement of the upper arm and shoulder
musculature”’.

Moreover, those emotionality factors that.

relate to a complex fear-pattern and are col-
lectively known to shooters by the sobriquet
“Buck-fever” (Libasci, 1949), would be ex-
pected to exert greater influence on the per-
formance of the latter group through the
superior efficiency of the tremor-transmission.

Hence, while a Steadiness test of the “Voli-
tional-dexterity” type appears to have better
face-validity for the rifle-men, something of
the “Intermediate” type, with ample scope
for involuntary tremor, would seem preferable
for the pistol-men.

Irrespective of the different potentialities
for recording involuntary movements inherent
in the various Steadiness tests, some form of
standardised emotion-induction may be in-
cluded as a portion of the procedure, par-
ticularly if selection is intended for occupa-
tions in which “stress” situations can arise.
In their war-time air-crew selection, the
American Army Air Force (Melton, 1947)
favoured a “verbal stress”. This imposed a
distraction-task of having to remember
jumbles of numbers and letters simulating
combat orders, and was interspersed with
stock criticism, admonitions, and running
comments delivered very audibly by the
observer in the best ‘“back-seat driver”
tradition. Under this sort of pressure the sub-
ject’'s emotional set would probably be
coloured by rage rather than fear. A consum-
mation by no means inapposite, when it is
realised that in addition to the fear-inducing
physical hazards of flying, personal relations
between instructor and pupil may at times
become strained.

The Americans also experimented with
powerful auditory distraction including
screams and aircraft noises, but did not em-
ploy this as a standard procedure.

Prototype Apparatus

In the Aptitude Test Section (A.T.S.) of
the South African Air Force, a Steadiness
test of the “Volitional-dexterity” type was
used. There were two tracing tasks, the first
being a standard Whipple-board on which the
stylus-point had to be drawn down a straight
tapering slot in a metal-plate, and the second
a specially designed tracing-board with a zig-
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zag track imposing changes in direction. The
suggestion for supplementing Whipple's
straight slot with a track of this latter sort,
emanated originally from Miss M. E. White
(now Dr. Baehr, University of Chicago) who
felt, in common with several others, that the
former task by itself might not discriminate
adequately between subjects who went
through quickly because they had the neces-
sary motor-skill and those who “took a
chance” on a quick dash through., '

When the subject had performed certain
trials “normally”, i.e. without any definite
cmotional pressure, he did a final trial under
the threat that he would receive an electric
shock if his speed did not at least equal the
average standard he had previously attained.
Thus on the A.T.S. test, fear rather than rage
pervaded the emotional-set.

There were several practical disadvantages
in this apparatus. All main components such
as boards, switches, shock-plate, induction-
coil, counter, and an electronic interrupter
providing timed impulses for the latter, were
separate units arranged on and below a large
table and interconnected with a tangle of
flex. The counter recording duration of con-
tacts between the track-sides and stylus-point,
and likewise the shocking-system, worked off
direct current from accumulators, while the
interrupter required alternating current. On
both the Whipple- and Tracing-boards the
track-plates were firmly screwed down, the
former over glass and the latter over bakelite-
strip, so that it was a nuisance to replace these
backings when they became scored by the
stylus-point.

Present Model

The following apparatus retains all be-
havioural essentials of the A.T.S. prototype,
including dimensions of tracks and stylus-
diameter, but incorporates extensive technical
modifications, mainly with a view to in-
creased compactness, portability, and ease of
administration. Apart from the need for re-
ducing the physical inconvenience of the
original lay-out, re-design seemed expedient
on the psychological rationale that its “make-
shift” appearance might adversely affect
standardisation by alarming certain’ subjects
and inspiring others with a contemptuous atti-
tude towards the test.

The present model shown in Plate 1, con-
sists of two compact table-units, viz., a Sub-
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ject’s Panel and a Control Cabinet for the
observer, interconnected by a four-cord flex.
Plates 2 and 3 give the construction of the
Subject’s Panel and arrangement of the boards
and shock-plates. In Plate 3 the lid-stays are
described in some detail because commer-
cially-produced fittings of this kind suited to
a shallow space are not always easily obtain-
able. All essential dimensions of the stylus
and boards are supplied in Plate 4. The use of
a standard No. 53 high-speed drill for the
stylus-point facilitates replacement of this
item when necessary.

Both tracks are backed with glass-strip held
in place by a system of pressure-pads that
givés " firm holding without the need for
screwing down the tracks, and enables the
glass to be easily and quickly renewed.

. Only about a third of the Control Cabinet
shown in Plate 5 is occupied by mechanism
and controls; the rest of the space serves to
store cable, spare glass, cleaning materials,
and testing stationery, etc.

Electrical System

On the original apparatus, a record of the
time the stylus has been in contact with the
sides of the tracks during a test trial, was
obtained by means of an electronic interrupter
in conjunction with a reciprocating counter.
Later, on a semi-portable demonstration test,
some reduction in bulk and slightly better
rcliability of functioning were obtained by
replacing the above electronic device with a
mechanical interrupter. This consisted of a
serrated disc driven by a small constant-
speed motor so that it alternately made and
broke contact at regular intervals in the cir-
cuit of the counter.

A limitation of both the above systems is
that few reciprocating counters will operate
satisfactorily at intervals of less than a fifth of
a second. On the short tracks in this test, fifths
were thought to give rather a coarse measure
of performance and tenths became standard,
but this entailed a special direct-current
counter of considerable size. The present
apparatus (Plate 6) records directly on a clock
and so dispenses with an interrupter. A suit-
able model of clock is the “Standard” Type
S-6 recording in thousandths of a minute and
having its motor wound for 220/230 volts A.C,
Its clutch, however, is restricted to 6 volts
A.C., because a low voltage ensures less
sparking and corrosion between the stylus-
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point and the track and no risk of harm to any
person inadvertently touching such an exposed
circuit,

Instead of the separate direct-current induc-
tion-coil to supply the shock-potential during
the stress trial, there is a simple and compact
“built-in” system of two small transformers
with their low-voltage sections connected
“tail-to-tail” as shown in Plate 6. The high-
voltage winding of the one transformer is
coupled directly to main current, and the cor-
responding section on the other becomes a
secondary output conveying induced current
via a potentiometer and push-button D to the
shock-plates. When switch C is closed, a
vibrator, which is simply a weak buzzer con-
nected in parallel with the low-voltage poles,
comes- into operation and gives auditory re-
inforcement to the threat of possible shock.
Actual shock is administered only when push-
btutton D is depressed, and although its in-
tensity may be varied within certain limits by
pre-setting the potentiometer, a median setting
that gives about 150 volts across the plates
is maintained for all subjects. The above
method provides a source of induced current
high enough in voltage to be decidedly un-
pleasant to most people, but of sufficiently
fow amperage to preclude the hazard of
injury.

Switch B sets the ¢lock-motor going, but
recording can take place only after switch A
has been closed. Contact between the stylus-
point and track-sides energises the clock-
clutch and sounds the buzzer.

Testing Procedure

Figures C and D in Plate 1 show a subject
doing the test; and as implied by the small
legend inside the lid in Plate 2, he is allowed
to use his preferred hand. Holding the stylus
like a pencil, and with arm and hand otherwise
unsupported, he draws it down the Whipple-
track as carefully as possible to avoid touching
the sides. Contact records as error, and the
longer the duration of any contact, the greater
the error. He does this twice, and in addition
to his error time, the time taken to complete
eachkrun is noted by the observer on a stop-
clock.

As a brief change of occupation in lieu of a
rest-period, the subject now does eight simple
additions on a list of printed numbers, after
which he starts on the Tracing-board at the
top right-hand corner. Keeping the stylus
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vertical, and again striving to avoid contact
with the sides, he proceeds leftward to the ter-
minal-bay of the top track and then carefully
transfers the stylus-point to the adjacent bay
of the lower track and traces along to the end
on the right. This is followed by another
series of eight simple additions, while the
observer notes down both the “error” time
for these two tracks and the “total” time ex-
pended on each. The foregoing procedure in
toto constitutes one trial. The subject is in-
formed that the first trial is a practice one and
that there is no time-limit for doing it or the
next two trials; the object is to work carefully
and make:as few errors as possible.

However, before starting the fourth or
“Stress” trial, he is told the average time he
took to complete the second and third trials,
and instructed that he must now try to finish
within this time, ctherwise he will receive a
fairly severe electric shack. Procedure is the
same as before except that his free hand rests
on one or other of the shock-plates throughout
the trial-

It is usual to warn subjects that any contact
with the sides of the terminal-bays also counts
as error.

Application

The test formed part of a selection-battery
administered to pupil-pilot candidates for the
South African Air Force. Each annual group
shown in Table I comprises somewhat less
than one third of the whole sample of matricu-
lants, who, having been passed as medically
fit, were screened first on the battery and
finally by a selection-board.

The Suspensions listed refer only to candi-
dates eliminated because of poor flying-ability;
this excludes a few who discontinued training
because of medical unfitness that developed
on the course or for other reasons.

Results and Discussion

An indication of test-reliability is given by
the inter-correlations between trials in Tables
II and III; those for the measure “Correct

Table I
SUCCESSFUL PUPILS AND THOSE SUSPENDED FROM TRAINING BECAUSE OF

POOR FLYING ABILITY

Year 1954 1955 1956 1957 . 1958
SUCCESSES wove v s s e oo 30 34 33 36 '35
" - Suspensions ... B 8 11 8 11 14
CTOtAl N e o o e 38 45 41 47 49

The above Total N in each annual group remains the same throughout the five subsequent tables and decimal

points are omitted from the correlations and probability-values.

Table II

“CORRECT TIME” (TOTAL TIME minus ERROR TIME)

TRIALS 1954 1955 1956 1957 1958 MEAN r
1 &2 77 90 89 93 91 89
1&3 73 87 83 89 86 85 .
1 &4 56 83 84 86 77 79
2&3 95 96 95 97 92 95
2&4 76 86 92 89 87 87
3&4 83 90 94 87 83 88
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Table III
rRODUCT-MOMENT INTERCORRELATIONS BETWEEN THE FOUR TRIALS ON THE MEASURE
“ERROR TIME”
TRIALS 1954 1955 1956 1957 1958 MEAN r
1 &2 80 51 74 68 52 65
1&3 64 67 57 56 50 59
1 &4 68 57 28 39 40 47
2&3 69 68 73 87 55 72
2&4 67 70 50 56 32 56
3&4 50 72 70 68 65 66

Time” (i.e. “Total Time” minus “Error Time”)
in Table II being appreciably larger than those
for “Error Time” (Table III). The inferior
reliability of this latter measure could be due
to the fact that for a given run “Error Time”
is almost invariably a very much smaller pro-
portion of the total than “Correct Time”, so
that even minor mechanical irregularities like
dust or tarnish on the stylus-point and track-
sides or scratches on the glass backing-strips
can produce substantial variations in the sensi-
tivity of the recording and the standard
difficulty of the task.

For this reason observers are urged to
change the glass-strips before scratches be-
come too pronounced and to keep the tracks
free of dust, occasionally also cleaning their
inner edges and the stylus-point with a little
fine metal-polish.

In both Tables II and III the mean inter-
trial correlations obtained by z-transforma-
tions show that the largest of these is between
Trials 2 and 3 and the lowest between Trials
1 and 4; which is interesting in view of the fact
that correlations between “Error Time” and
“Correct Time” in Table IV are generally
small.

In Tables II and III, if only the first three
“normal” trials are considered, Stress Trial 4
being excluded because of its different motiva-
tion, then the smallest mean correlation is
between Trials 1 and 3 and the next between
Trials 1 and 2. If Trial 1 is excluded and only
Trials 2, 3 and 4 are considered, then mean
correlations involving Trial 4 remain smaller
than the comparable ones for Trials 2 and 3.

The evidence above suggests that Trial 1
and Trial 4 each have some distinctive compo-
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nents additional to the matter they share in
common with each other and Trials 2 and 3.
Stress Trial 4 is obviously loaded with a fear-
motivational influence. Trial 1 can be ex-
pected to have elements relating to novelty
and adjustability in a strange situation. Some
of these may have been tempered by telling
the subject that it was a “practice” trial and
implying that within reasonable limits he was
free to explore for a technique that suited him
best in attaining the prescribed goal. Con-
versely this assurance may have accentuated
the effect of other elements by allowing the
subject to be more “himself”, so that his
behaviour in this first trial was very much a
reflection of individualism.

In Table IV, “Error Time” was correlated
with “Correct Time” for the reason that
“Error Time” itself is a part of “Total Time”,
and a direct correlation with the latter would
be biassed by the common element.

The mean correlation of .05 for Trial 1 is
not significantly different from zero, so that
there seems to be no relation between speed
of work and error. Negativity is just apparent
in Trials 2 and 3 and becomes siznificant in
Trial 4.

The significant negativity in Trial 4 suggests
some tendency for speed of work in this trial
to be positively associated with error. A lack
of such relationship in Trial 1 may be partly
attributable to the collective neutralisation
effect of various influences that are not identi-
fiable with the basic motor-skill, but have been
engendered by the novelty of the situation.
Among these could be counted tension, inse-
curity, cognitional inertia, social embarrass-
ment, etc., that for a time override whatever
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Table IV

PRODUCT-MOMENT CORRELATIONS BETWEEN “ERROR TIME” AND “CORRECT TIME” (TOTAL
TIME minus ERROR TIME) FOR EACH TRIAL.

TRIALS 1954 1955 1956 1957 1958 MEANT P=
1 23 —18 —14 22 11 05 478
2 06 —20 —36 12 —-23 -13 074
3 01 -39 —-11 05 02 —09 203
4 —03 —37 ~43 —03 —37 —-25 0002

(Negative signs imply that fast working on the test tends to be associated with more error.)

potential skill for this task certain subjects
may have. More specific to the motor-skill,
there is probably a composite abulia, taking
the form of varying inability to come to a
decision about such aspects as optimum body-
posture, muscular equilibrium, angle of arm,
strength of grip, downward pressure on the
stylus, and rate of progression. ' Such an in-
fluence seems a likely factor behind the overt
restlessness shown by some subjects and their
proclivity for asking “stupid” questions. It
may be aggravated by confused notions about
the test which have been gleaned from discus-
sion with others already tested and whose
reports are often very much coloured by per-
sonal opinion.

When Trial 4 is reached, subjects have
settled down to the task, and much of this
differential mediation has been reduced; the
sensory-motor functions are more stable, and
with most of the “uncertainty” resolved, each
subject has now a fairly definite and well-
established technique. Even more significant

is the introduction in Trial 4 of strong, com-
mon motivation, represented by the threat of
physical punishment if there is failure to attain
a certain previous standard.

In Trial 1 there was the desire to excel,
diluted with a variety of adventitious influences
of which the combined effect was to render
the speed-accuracy relationship an individual
matter for each subject. In Trial 4, however,
these influences are much less, and the initial
desire to excel is now braced by common ex-
perience and the strong, common motive of
wishing to escape punishment. Thus the group
becomes more homogeneous in its reaction, as
evidenced by the now significant negative cor-
relation between time and error.

A comment by Mr. A. O. H. Roberts puts
the matter in a nutshell: “The stress situation
generates urgency, and wurgency generates
error,”

With one exception, the biserial correlations
between “Correct Time” and the Success/
Suspension flying criterion in Table V are all

Table V

BISERIAL CORRELATIONS BETWEEN “CORRECT TIME” (TOTAL TIME minus ERROR TIME) AND
SUCCESS/SUSPENSION IN FLYING TRAINING.

TRIALS 1954 1955 1956 1957 1958 MEAN P=
rbis | S.E. | rbis| S.E.| rbis| S.E.| rbis | S.E. { rbis| S.E. 1 bis
1 42 20 32 19 29 | 21 06 20 |—-10 20 19 021
/ 2 19 22 25 19 12 22 | 02 | 20 07 19 12 124
3 20 22 30 19 | 05 23 05 20 06 19 12 124
4 30 | 21 44 17 08 23 15 20 15 19 22 007

(Positive signs imply that success in flying tends to be asscciated with slow working on the test).

112



133 AN IMPROVED STEADINESS APPARATUS
6 IMPROVED STEADINESS APPARATUS - CIRCUITS. 6
s —
MAINS 250A.C. [ 4 Potentiometer
SN
' 50 M, Push
_ Stylus Clock Shock button
’ thousandths
A B of a C . & D
N\gnute ;
] | aY
‘ _ Ciutch 6V. A.C.
TRANSFORMER 6V. 3Amps. v
Clock records
e only while ifs z
3 ) : 3V 0
< CIUrCh 1S kepl <STYLUS N
energised.
. AN SHOCKING - COIL
/T consists of two
N g N, N, N
~ Pt L beil transformers
with 3Volt posts
|| MWN 3 coupled parallel.
N\
l BUZZER q Tracing _
Board 3V
Low amperage |
induced current “'
F 0f1401t0180volts Whipple
‘ to shock plates Board
I via pofentiomefer. 250volt winding of one
transformer
A sustained becomes
sound on output
Vibrator side.
provides
I “shock ’
menace’
to subject. | DROW.

113




D. R. DE WET

nositive, indicating a tendency for success in
flying to be associated with slow working on
the test. This appears reasonable, for fast
work does not necessarily result from superior
motor-skill, but may well be induced by tem-
peramental factors like tension and fluster.

Most of the correlations are small, particu-
larly for the 1957 and 1958 groups. Tate’s
z*-transformation method was used to com-
pute the mean for each trial over the five
annual groups and its level of significance.
Trials 1 and 4 reach the 2% level of signifi-
cance .while the other two miss the 10% level.
The results of Trials 1 and 4 give some support
to the hypothesis that the individual who can
remain controlled and unhurried in a strange
situation, and likewise in a situation that has
become physically threatening, will stand a
better chance of succeeding on a course of
flying-training than one who lacks these attri-
butes.

In Table VI, the biserial correlations be-
tween “Error Time” and the criterion do not
differ significantly from zero, which suggests
that the qualitative performance on the test
bears no relationship to success or failure in
flying-training.
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as a function of test validity, it has in fact
shown less diagnostic value for success in fly-
ing-training than the basically similar proto-
type did during the war. Biesheuvel (1943)
used an age-group of below 21.4 years which
was thus similar to that in the present samples,
and he obtained an average validity of .30.

There is a logical view, supported by
Biesheuvel (1958), that the apparent reduction
in validity of formerly successful war-time
tests when applied to air-pilot candidates
during peace-time can to some extent be ex-
plained by differences in training procedure.
During war the training has of necessity to be
highly intensive, impersonal, and standardised
very much on a “conveyor-belt” system., The
rigid adherence to prescribed programmes
allows little extra time or resource to be ex-
pended on stragglers who in any way fall short
of minimum requirements. On the other hand,
in peace-time, instructors have much more
opportunity to give personal and specialised
tuition; they take extra trouble with pupils’
individual shortcomings and so contrive to
make successes of some who under war-time
conditions would have been suspended with-
out more ado. As a result of this the group

Table VI
BISERIAL CORRELATIONS BETWEEN “ERROR TIME” AND SUCCESS/SUSPENSION IN FLYING
TRAINING
TRIALS 1954 1955 1956 1957 1958
1 05 —01 02 03 —03
2 03 04 07 06 -03
3 -03 01 01 03 -12
4 0l —01 —02 06 —12

(Negative signs imply that success in flying tends to be associated with less error on the test).
The S.E. of the largest (.12) is .19, hence none differs significantly from zero.

As reported by Meiton (1947), the United
States Army Air Force found very little signifi-
cant relationship between Steadiness and Aim-
ing tests and success in air-crew training. " A
noteworthy feature of their tests is that the
measures were almost invariably of qualitative
performance, time being a constant for all
subjects.

While it is reasonable to believe that the

present apparatus is technically more reliable
than the prototype, and reliability is accepted
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accepted for training is made artificially homo-
geneous and the possible existence of discrimi-
nation by test performance becomes obfus-
cated.

Curtailment through selection-procedures
is a possible contributary reason for apparently
low validity. The Steadiness test was actually
part of the battery on which candidates were
screened, and both the “steadiness” score and
written comments by the observer on other
features of behaviour during this test did carry
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some weight when assessing the candidate’s
degree of all-round suitability for enrolment
as a pupil.

However, it must be pointed out that these
assessments served only as recommendations
to assist a selection-board that had full
powers to accept or reject them when making
its final decisions on which candidates should
be admitted for training. As there has often
been considerable disparity between recom-
mendations founded on pre-selection and final
acceptances, the influence of such curtailment
was probably less than could have been ex-
pected in a hypothetical case having perfect
correspondence between the two groups.

To evaluate more precisely the extent to
which discrepancies between recommenda-
tions and acceptances affect the apparent
validity of tests in a selection-battery, will
need further investigation beyond the scope of
the present study.

Summary and Conclusions

(1) Details are furnished of a “Steadiness”
apparatus basically similar to an earlier proto-
type, but embodying extensive technical re-
design with a view to increased compactness,
ease of administration, and reliability.

(2) Of the two performance-measures,
“Correct Time” showed greater reliability in
terms of inter-trial correlations than “Error
Time”. On both measures the largest mean
correlation was between Trials 2 and 3 and
the lowest between Trials 1 and 4; there is also
other evidence pointing to the distinctive
nature of Trials 1 and 4.

(3) The least significant mean correlation
between “Error Time” and “Correct Time”
was obtained on Trial 1, and the most signifi-
cant on Trial 4 (Stress). Hence there is some
tendency in Trial 4 for speed of work to be
positively associated with error. This appears
to be due to the common experience and
strong common motivation characterising this
stress-trial. The lack of such relationship in
Trial 1 may be accounted for by the collective
neutralisation-effect of various influences like
tension, insecurity, social embarrassment etc.,
engendered by the novelty of the situation.

(4) “Correct Time” showed some correla-
tion with success in flying-training, and “Error
Time”, none. The positivity of the correla-
tions with “Correct Time” indicates a general
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tendency for slow work on the test to favour
the chance of success in flying-training; slow
work presumably implying an absence of
“fluster””. This relationship is more noticeable
on the first and fourth trials, and it seems
likely that in these trials the effect is accentu-
ated by extraneous factors like the capacity for
adaptation to a new situation and freedom
from disturbance under stress.

(5) Curtailment and aspects of peace-time
training have been mentioned as possible con-
tributary reasons for the low average validity
of the test. Although it has not hitherto been
identified, some progressive change on the
training and criterion side during latter years
seems not improbable, for such validity as the
test showed for the two earlier groups deterio-
rated markedly during the three later ones;
whereas reliability, as indicated by inter-trial
correlations, has shown no concomitant reduc-
tion. A similar trend has also been observed
on certain other tests, and there is no reason
to assume that differences in sampling could
be entirely responsible.

(6) It has been customary to regard the first
trial on some sensory-motor tests as a mere
practice or ‘“warming-up”’ period that is not
intended as a measure of serious performances
but fulfils the function of setting the subject
at his ease, and is thereby supposed to make
the later trials more reliable indicators of his
actual ability. This derives from perfectly
logical considerations to limit variables when
the main purpose is to obtain a straightfor-
ward measure of sensory-motor ability specific
to a particular test and as far as possible un-
contaminated with other factors (emotional or
otherwise) induced by the novelty of the situa-
tion. However, the likelihood should not be
ignored that the first trial has particular use-
fulness in aiding selection for certain occupa-
tions, mainly because it is loaded with these
very influences. '

(7) It is concluded that the sensory-motor
ability measured by this test has no appreci-
able relationship to success or failure in flying-
training, and that such small validity as the
test does show is attributable rather to the
subject’s “manner” of application, exemplified
by his optimum rate of work, which has prob-
ably more affinity with functions of tempera-
ment and personality than with basic motor-
skill.

(8) When a source of alternating current is
available, the present shock-system employing
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two small bell-transformers “tail-to-tail” and

a suitable potentiometer could also be applied

in other laboratory work as a substitute for

the more costly and cumbersome induction-
coil.
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(Note on earlier model)

The internal consistence of performance on the basically
similar apparatus used during the war, shown by split-half
correlation between errors in the second and third trials on a sample
of 342, was 0,677, which, corrected by the Spearman-Brown
formula, is 0.807.

Validity, in terms of biserial correlations between a test
score of Average total error and success or failure at Flying School,
was as follows:

r bis S.E. N
0. 309 0. 067 262
0. 361 (Not available) 170

The time measure showed no significant rélationship with flylng
success or failure.

A score consisting of the Average Time divided by the
Average Error was investigated as a possible objective temperament
measure, the rationale being that the Primary-functioning

" individual would tend to dash quickly through the task and produce a
small score for Av. Time / Av. Error, whereas the Secondary-
functioning individual would tend to work comparatively slowly, make
few errors, and produce a large score for Av. Time / Av. Error.

On a sample of 67 subjects, who had been rated as Primary or
Secondary in accordance with the combined ratings of seversl testers
and the material from two separate questionnaires and an information
sheet, a biserial correlation of 0.45 (+ 0.06) wae obtained between
Av. Time / Av. Error and the function assessments. This finding
supported the hypothesis. In peace-time, however, the primary= -~
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secondary distinction as related to fighter or bomber suitability, was
not regarded as very important; the emphasis being more on general
pilot suitability.

As regards the apparent lack of validity of the Steadiness Test
for post-war selection, Biesheuvel (1) comments thus: "It is not
unlikely that the validity of the Steadiness Teat during the war was
due to the fact that it tapped personality attitbutes which were of
greater importance as determinants of success in flying training at
that time than at present. "

REFERENCE
(1) BIESHEUVEL, 8. Validity changos in tests with lapse of time

and their causes. J. Nat. Inst. Personnel Res., 1961, 8
157-168.
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A PORTABLE HAND -FOOT REACTION TEST

D. R. DE WET

(Received December 12th, 1958)

As an instrument for measuring mere
rapidity of voluntary motor-response to sen-
sory stimulation, the Simple reaction - time
apparatus is still standard and the most
efficient.

The presentation of a stimulus, usually
visual or auditory, starts a chronometric
recorder which stops as soon as the subject
performs the required reaction, and allowing
for the small time lag inherent in all electro-
mechanical chronoscopes, a fairly accurate
measure of reaction time is thus obtainable.
In connection with certain modern electronic
recorders, it is claimed that the inertia ele-
ment has been reduced to such an infinitesi-
mal amount that practically absolute
measures of reaction-time are possible.

The Simple reaction -time procedure has

proved of great value in clinical work, but its
limitations in specific occupational forecasting
were realised long ago by many of those who
pioneered selection for industrial operatives,
air-crew, and other personnel.

It very seldom occurs, either in normal
routine or emergencies, that situations arise
in which a quick simple reaction as an isolated
and almost reflex response, can prove efli-
cacious. On the contrary, there may be occa-
sions when such an action precipitates
disaster.

Successful reaction in even simple environ-
ments depends most often upon some success-
ful antecedent discrimination. This factor of
initial cognitive choice increases in import-
ance as activities get more complex, and in
an extreme situation like the cockpit of a
large aircraft with its multiplicity of controls
and instruments, becomes so overwhelming
that simple reaction-time is swamped to in-
significance. This does not imply that the
temporal factor as such no longer carries any
weight; it remains very important, but merges
into a composite measure where time taken in
identifying the correct response from several
possible alternatives, is inseparably conjoined
to time taken in performing the motor-act of
response. As the process of identification or
recognition tends to take comparatively much
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longer than the final efferent response, simple
reaction-time becomes a lesser ingredient.
For occupational selection then, far more
reliance has been placed on Choice-reaction
tests, which vary a good deal in their degree
of complexity and nature of stimulus and
response, but have as a common feature some
insight appurtenant to the subject’s reactions.

One well-known laboratory apparatus of
this type is a direct technical elaboration of
the simple-reaction procedure. It takes the
general form of three or four response-keys
and a small window before the subject, and
an equal number of stimulus-keys and a
chronoscope behind a screen for the observer.
A closed compartment behind the window
houses separate but adjacent coloured lamps
corresponding in number to the subject’s
keys. The wiring is so arranged that by
depressing a stimulus key the observer causes
one of the lamps to come on and the chrono-
scope to start recording, The subject has to
react on the appropriate one of his keys,
which extinguishes the lamp and stops the
chronoscope. Reaction on any of the other
“wrong” keys produces no result and the lamp
continues to burn and the chronoscope to
record until the correct key is located and de-
pressed.

In an elementary form of this test, which
may be called “Immediate Choice-reaction”,
the subject’s response keys are clearly marked
in colours corresponding to those of the lights
and his main task entails merely direct recog-
nition of the required key to be depressed for
whichever colour illuminates the window.

Usually, however, the subject’s keys are not
marked, and his initial task is one of insight
learning, at first with some trial and error,
to determine which key relates to a particular
light colour.

Chronoscope recordings during this early
part of the test are thus mainly measures of
learning progress in establishing the associa-
tion between a colour and a locality. It is only
after the subject knows the combination that
his performance reflects his Choice-reaction
time,
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1

PORTABLE HAND-FOOT REACTION TEST. 1

FIGURE ‘A -

UNITS DISCONNECTED FOR TRANSPORT.

FIGURE 'B'- -THE TEST IN OPERATION,
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In the above example the stimuli consist
of coloured lights that from the subject’s
view-point are all spatially identical behind
the same window. An alternative arrangement
is to have separate lamps of the same colour
situated in the open at different points on a
screen; identification in this case depending
not upon distinctive colour but upon physical
position.

Moreover, the subject’s responses, instead
of being restricted to one finger, may be
spread out to compass both hands and both
feet.

As a technical refinement, the somewhat
inconvenient manual presentation of stimuli
may be replaced by an automatic system
which leaves the observer free to concentrate
on studying the subject’s general comport-
ment during the test.

For most purposes it appears unnecessarily
laborious that discrete reactions be recorded
with chronoscopic accuracy. In the learning
part of the test, accumulated time covering a
series of reactions and measured on an ordi-
nary stop-clock, is quite accurate enough. In
the subsequent ‘“‘speed” part, the number of
responses made in each successive period of
say half-a-minute is probably quite adequate,
provided there is a means of differentiating
between correct and wrong responses.

Prototype Models

The apparatus to be described here has no
intrinsic originality either as regards funda-
mentals of Choice-reaction test design or the
several variations mentioned above. It com-
prises no more than an attempt at certain
practical improvements on earlier models by
other designers.

Behaviourally the present test is identical
with a reaction apparatus built in 1941 by
Prof. W. Cormack and his assistants in the
Department of Electrical Engineering at the
University of the Witwatersrand and used for
war-time air-crew selection in the Aptitude
Test Section of the S.A.A.F. Dr. S. Biesheuvel
initiated the construction and advised on the
psychological aspects.

This prototype was essentially of a non-
portable kind, and as it operated off 24 volts
D.C. and suitable rectifiers could not be
obtained, a set of bulky accumulators became
an indispensable adjunct to the apparatus.

The construction of a semi-portable version
of the above was started by P. Webster and

121

108

completed by G. Walker in the A.T.S.
Although less bulky than the original, it also
required accumulators.

The condensed outfit depicted in Plate 1
has been designed to fulfil the need for a more
mobile Hand-foot reaction test.

General Description

As both military and industrial testing is
usually done in urban areas having a main
power supply of 220/250 volts A.C,, the test
was planned ab initio to work straight off such
current, and thus dispenses with heavy accu-
mulators or rectifiers.

There are two compact, portable units, viz.,,
a table-cabinet and a pedal-board.

The cabinet (Plates 1 & 2) has a hinged
front that is lowered to expose four light-
jewels on the subject’s stimulus-panel and two
manual response-keys. At right-angles to this
side is a recess housing the observer’s control-
panel.

The pedal-board (Plate 3) rests on the floor
and is connected to the cabinet by a three-
cord cable and plug. Another cable and plug
leads from the cabinet to the power-supply.
For convenience in transport both these
cables may be coiled and stored in a compart-
ment at one end of the cabinet (Plate 2).

A larger compartment extending the full
length of the cabinet at its base, accommo-
dates supplies of testing stationery.

All electro-magnetic components and also
the observer’s controls are mounted on a
separate drawer attached to the back panel
and can be slid out as an entire unit for
maintenance purposes.

Testing Procedure

‘The subject is seated comfortably with his
hands at the manual-keys and his feet on the
pedals. He is then instructed thet each one
of these four controls relates to a particular
light, and if he presses the correct control for
the given light, a buzzer sounds and he scores
a point.

The light sequence is random, only one
comes on at a time, and it remains on until
the subject presses and releases any one
control (right or wrong), when it is ex-
tinguished and the next light-stimulus
appears.

His task is to find out by trial and error
the control that always makes a given light
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“buzz”, and to go on applying it until he can
make twenty successive correct responses;
which constitutes the criterion of having
learnt the combination. He must accomplish
this within a time limit of fifteen minutes.

In the “speed” part of the test he is told
to continue pressing the correct controls for
the lights as he has learnt to do, but this time
without the corroboration of the buzzer,
which is switched off at E, Plate 2. :

The combination remains the same and he
must work as quickly and accurately as pos-
sible.

After a practice trial of one minute he does
a continuous run of five minutes during which
the observer records his response-scores on
the “Correct” and ‘“Total” counters (Plates
2 & 5) at every half-minute interval.

If the subject depresses more than one con-
trol at a time in either part of the test, the
apparatus ‘“‘cuts-out” and the observer has
to reset it by putting -the main-switch C
(Plates 2 & 5), off and on again.

Application

 Like its prototypes, the test is being used
mostly for pupil-pilot and navigator selection.
However, it has also shown promise for other
categories, such as wireless operators, re-
search technicians, scientific administration
staff, and clinical consultation cases.

On two consecutive groups of pupil-pilot
candidates, the following biserial correlations
were obtained between performance on the
test and the Success/Suspension flying cri-
terion:

Year 1954 1955
N 38 47
Learning Tpis _ 31 52
Time Iy/SE. 1.45 3.48
Lyis .60 A8

Reaction .
Time I /S.E. 3.54 3.13

A rough check in which the above correla-
tions were assumed to be estimates of product
moments, showed the significance of the dif-
ferences between comparable ones for the
1954 and 1955 groups to be well outside the
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10% level. It is likely that the differences
reflect only sample fluctuations.

In view of the small samples involved,
Tate’s z*-transformation for testing the sig-
nificance of biserial differences was not con-
sidered to be usefully applicable.

As a possible means of increasing the test’s
predictive value, a modification was intro-
duced and applied to some later groups of
pupil-pilot candidates (not shown here). This
had its origin in the assumption that visual
stimuli are generally more important than
auditory to the aircraft pilot.

A small green light-jewel was mounted on
the subject’s panel approximately central to
the four lights and connected up in place of
the buzzer. Correct response to a given light
was now indicated by an accompanying illu-
mination of the green jewel instead of a
sound on the buzzer.

This change failed in its object, and the
author’s theory, in so far as an increase of
test usefulness was concerned, appears to
have been refuted by the results of Van der
Reis (1958).

She found that under the new system
neither the learning nor the reaction part of
the test was significantly corrclated with the
flying criterion, and moreover there was a far
greater preponderance of subjects who were
unable to learn the combination within the
time limit.

To account for this increase in test difficulty,
she advances several astute explanations, of

. which the most noteworthy refers to addi-
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tional time taken in eye-movements between
stimulus and indicator lights.

However, the possibility of a more straight-
forward explanation should not be ignored,
namely, that the addition of a fifth light to an
already complex system of four made the test
instructions more difficult for subjects to
understand, and a larger number tended to
flounder on with an imperfect knowledge of
what was really required of them.

Unfortunately the exigencies of testing for
selection purposes have as yet precluded any
investigation on the various theoretical issues
that might relate to this apparent superiority
of the auditory indicator.

In any case, loss of validity was considered
ample justification for restoring the status
guo; the green light-jewel was accordingly
removed and the buzzer re-coupled as indi-
cator of correct response.
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Selector System

Automatic presentation of the stimulus-lights in
a predetermined and fixed random sequence is
effected by the selector-unit in Plate 4, which con-
stitutes the principal electro-mechanical component,

The earlier models of the apparatus had utilized
standard telephonic line-selector switches working
off 12 or 24 volts D.C.

As no industrial product of this sort de_signed
for 220/250 volts A.C. could be obtained, it was
necessary to construct one.

The solenoids and frame-extensions were cut off
a standard line-selector, and the contact-banks and
ratchet-mechanism fitted with a laminated armature
and a new spring-retainer bent from light steel-bar.

This assembly is supported over a bakelite sub-
base by three metal pillars having their top ends
threaded and provided with nuts, so as to permit
fairly accurate three-point adjustment for height
and both lateral and fore-and-aft tilt.

A special magnet with a laminated core made
from transformer-iron, is mounted below the arma-
ture, and a suitable distance and alignment between
the two obtained by adjustments of the pillar-nuts.

Not only is the overall armature-traverse im-
portant for satisfactory working of the ratchet-
mechanism, but both contact-faces must be accu-
rately “squared on” to prevent excessive vibrations
and humming noises which subjects might confuse
with the sound of the buzzer.

For compactness, the “cut-out” relay that
switches off all stimulus-lights if subjects depress
more than one control at a time, is mounted on a
small bracket under the pawl of the selector-switch;
although there is no direct mechanical coupling
between them which makes this location com-
pulsory:

There are two semi-circular contact-banks, each
having twenty-five insulated contacts engaged in
turn by a brush on the ratchet-spindle.

When the magnet-coil is energised, the armature
is drawn down against spring-tension and the pawl
raised from one ratchet-tooth on to the next. When
the current is switched off, the armature is drawn
1p by spring-tension and it causes the pawl to drag
the ratchet round sufficiently for the two brushes
to engage their next pair of contacts. )

Electrical Circuits

Referring to Plate 5, the twenty-five contacts
on Bank No. 1 are wired in the random order shown
here to form four groups, each linking up perma-
ne3t1y4with one of the stimulus-lights L1, L2, L3
and L4.

Now in exactly the same order, the twenty-five

contacts on Bank No. 2 are wired up into four -

groups identically parallel with those on Bank
No. 1, and each of these is connected, preferably
by a wire of distinctive colour, to one of the four
§ingle-pin plugs 1, 2, 3 and 4.

Each of the four response-controls, viz., the two
manual-keys marked Left H and Right H, and the
two pedals Left F and Right F, is basically a micro-
switch (normally open) in series with the solenoid
of a triple-pole relay having at least one pole
double-throw. These relays are marked LH, RH,
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LF and RF respectively, to correspond with their
controls,

The “cut-out” relay (mounted for convenience
on the selector-unit, Plate 4) is shown at the
bottom of Plate 5. It is also triple-pole, but with at
least two poles double-throw.

One main 220/230 volt input lead is common to
all of the following: The primary coils of the 6 volt
“Light” transformer (lower right) and the 6 volt
“Buzzer” transformer (middle); the solenoids of the
four “control” relays and the “cut-out” relay; the
solenoids of the two re-set counters A and B (lower
left) and the selector-magnet (top).

The other 220/250 volt input lead passes via
the main-switch C to the primary of the “Light”
transformer and the first and third “arm” contacts
of the “cut-out” relay. From the latter pole, which
1s normally closed, current is fed through to the
four response-controls and the first and second
“arm” contacts on each of the four “control” relays
LH, RH, LF and RF.

The third sections of these four relays and the
second section of the ‘“cut-out” relay are arranged
to give series continuity between the one 6 volt
secondary pole of the “Light” transformer (lower
right) and the selector-brush of Bank No. 1 regu-
lating distribution to the four stimulus-lights L1,
L2, L3 and L4. ~ ' .

From the other 6 volt secondary pole of the
“Light” transformer a common leads to the four
stimulus-lights and the “cut-out” signal-light D on
the observer’s control-panel. '

The second sections of the two ‘“control” relays
LH and LF lead respectively to the upper and lower
movable contacts of the double-pole-double-throw
switch No. 5, and corresponding sections of the
“control” relays RH and RF to the movable con-
tacts of a similar switch No. 6.

To accommodate the four single-pin plugs 1, 2,
3 and 4 of Bank No. 2, four sockets are provided.
Each of these is connected as shown to one fixed
contact on switch No. 5 and one on switch No. 6,
so that the following settings are established:

(a) With both switches in the “up” or “X” posi-
tion, relationship between relays and sockets is: LH
to Left Upper;' RH to Right Upper; LF to Left
Lower; and RF to Right Lower.

(b) With both switches in the “down” or “Y”
position, relationship between relays and sockets is:
LH to Right Lower; RH to Left Lower; LF to Right
Upper; and RF to Left Upper.

By this means, as each of the four response-
controls is coupled permanently to its own relay,
the alteration of switch-setting from “X” to “Y”
produces a ‘“diagonal” interchange between con-
trols and sockets: Right-hand takes the place of
Left-foot; Left-hand that of Right-foot, and vice
versa,

As was mentioned earlier, the four plugs are
wired to distinct groups of contacts on Bank No. 2
positionally identical to their counterparts on Bank
No. 1

A lead passes from the brush of Bank No. 2 to

the “Correct” counter A and one primary pole of
the “buzzer” transformer.

Now although the sequence of light-presentation
remains fixed in accordance with the grouping on



113

PORTABLE HAND-FOOT REACTION TEST

PORTABLE HAND-FOOT REACTION TEST. -

COIL OF MAGNET 1S WOUND
WITH ENAMELLED COPPER
\ WIRE .012° DIAM,

g Shouldered &

l_.¥ threaded }Bsw

SELECTOR UNIT.

1% Holes slotted for

easier mounting of

,,F,,<-Bases.of pillars
drilted & tapped
for 2BA C/S,

«—Contact banks &

4

CUT-0UT
RELAY

© © mechanism of a
H unit in cabinet O standard type
@ U telephone
B N o) line selector.
LAMINATZD EaN
ARMATURE : L olll ©
3} u
- R 30
®
e
3 00 -
§ 5 . v : 6BA Scre
s HIIIE (e L JTW) E=WER T
LN RO [
= SPRING RETAINER
= BENT FROM il
Atignment  of = M/s Lyl COMPLETE
2%8 Cc o
armature over Te} UNIT.
: gt | 4 R O
magnet is 11—6\) o o
critical for 2
¥ O \
.pro.per funcg Y 2 (o)
ioning. —
©
O &=
\-’.
: e} S S
° ]
4
4 o K o cut-
SPACE FOR 2 out
CUT-0UT RELAY . - RELAY
@ =
N
L 1
DRDW.

126



D. R. DE WET

the selector-banks, the combination of correct con-
trols and lights may be varied by inserting the plugs
intc different sockets. The criterion of correct
response for any given combination is that the
“buzzer” transformer and the “Correct” counter A
shall be potentialized via the brush of Bank No. 2.
(In the first or learning part of the test, with switch
E closed, the buzzer itself is also potentialized and
the resultant sound is the subject’s criterion of
correct response.)

To ensure that the controls and lights are
switched off automatically if the subject depresses
more than one control simultaneously, a principle
conceived by Prof. Cormack and applied on his
prototype, is used here with minor modifications to
suit the present circuit.

An extension is taken from the coupling between
each response-control and its relay-solenoid to a
carbon resistor of 9000 ohms. These four equal
resistors have their other ends common with one
lead to the solenoid of the “cut-out” relay.

When any one response-control is depressed, the
resistance of 9000 ohms provides an adequate bar-
rier to the solenoid of the “cut-out” relay; but with
two or more controls depressed at the same time,
two or more of the resistors in parallel let sufficient
current through to trip the “cut-out”. When this
happens the first section of contacts closes, current
from the main by-passes the resistors, and the relay
“hangs in”. The second section breaks continuity
to all stimulus-lights and flashes on the observer’s
signal-light; the third section breaks the common
to all four response-controls.

By turning off main switch C, the “hanging-in”
circuit is broken and the ‘“cut-out” relay returns
to its normal, unenergised position.

The magnet of the selector-unit as described in
Plate 4 was found to be somewhat more powerful
than necessary. A wire-wound resistance of about
850 ohms, .5 amp. (not shown) was accordingly
fitted in series and made operation more quiet.

Although, for the sake of clarity, the selector-
brushes in Plate 5 are shown as consisting of one
arm apiece, in practice each has two arms at 180
degrees, so that stepping proceeds directly from
the last bank-contact in the series on to the first
again.

The following brief synopsis of functions com-
pletes the circuit description:

When the main switch C is closed, one of the
four stimulus-lights (determined by the contact on
which the selector-brush of Bank No. 1 happens to
be at rest) comes on.

As the fixed contacts on the first sections of the
four “control” relays are in common with the
selector-magnet and “Total” counter B, and the
third sections are links in series w1.th the brqsh,
actuation of any relay by depressing its appropriate
control energises the selector-magnet, recprds once
on the “Total” counter, and extinguishes the
stimulus-light.

If the control depressed and the light are correct
partners for the combination pre-set on the “X”
and “Y” switches and the plugs, the “Correct”
counter A also records once, and provided that
switch E is closed, the buzzer sounds.

If control and light are not correctly matched by
the subject for the given combination, there can be
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no continuity to the ‘“Correct” counter and the
buzzer.

When the control is released, all solenoids men-
tioned above are de-energised and the selector-
mechanism moves on another step to illuminate
another stimulus-light; or occasionally, the previous
light again.

_ Should more than one control be depressed at a
time, the “cut-out” process described earlier takes
place and the main switch C must be turned off and
on again to reset the circuits.

Discussion

The four stimulus-lights, like those on the
prototype models, are arranged unsym-
metrically to prevent a too direct spatial
association with the controls.

There are twenty-four possible combina-
tions of lights and controls. The following
four pf these, which were found in a short
experimental study to be pretty nearly equal
in difficulty, have proved adequate for general
selection testing:

(1) L1 Right foot. L2 Left hand.
L3 Left foot. L4 Right hand.
(2) L1 Left foot. L2 Left hand.
L3 Right foot. L4 Right hand.
(3) L1 Right hand. L2 Right foot.
L3 Left foot. L4 Left hand.
(4) L1 Left hand. L2 Left foot.
L3 Right foot. L4 Right hand.

A significant behavioural feature of the
learning part on this test and its predecessors,
and one that distinguishes them from more
usual laboratory choice-reaction tests, is that
the subject is permitted only a single imme-
diate response-essay to a given light. Whether
he is right or wrong the light promptly goes
out. To identify a correct response he has to
rely on comparatively extraneous auditory
indication.

On more usual tests of this kind, the light
remains on until the correct control is located
by trying more than one in succession, and
here the criterion of correct response is the
going out of the light.

At present, available data does not warrant
any speculation on the relative advantages of
the two systems for application to highly
selected groups aspiring to complex occupa-
tions like aircraft-pilotage.

However, it appears likely that the latter
method would be preferable in a test intended
for subjects less advanced intellectually or
culturally, for there is no doubt that the



115 PORTABLE HAND-FOOT REACTION TEST

/,, confacts lead ro

stimulus lights

5 PORTABLE HAND-FOOT REACTION TEST.- CIRCUITS 5

J Magnet actuating both brushes of Selector
|

» A
' > S
_,_.Anr\r\r\_ﬁ\___&u Y I Y
L3 mv;vd: dhll F
L v
JEH: 7 VN
1 2
_/._ Plugs to alter Ny |
F , M —D]
LEFT H L “—Q relation O of
LM 3
\l four keys [ro2lights
\__/._i N
Lerr £ L4 RIGHT F.
o g \Cp!-our
'5 N Signal
——l-' CORRECT _I'l TOTAL °© < ﬁDSV
—COUNTER cCOUNTER 'é & l i
A J\jg B p——N TRANSFORM.

|
LY
.




D. R. DE WET

former imposes more difficuit tasks, both in
understanding the nature of the criterion and
in learning the combination.

Many less successful subjects seem to be
baffled by the fact that the lights themselves
behave in exactly the same way whether the

control depressed is right or wrong. Such an

" attitude could be induced to a considerable
.extent by prior conditioning, founded on the
very definite relationship in everyday life
where lights go out only when their proper
switches are turned off. Further research is
necessary to determine how far the useful-
ness of the test depends on the influence of
“perseveration” or ‘rigidity” which affects
those subjects who are so hide-bound by well-
fixated associations, that they are hampered in
acquiring new sets.

It was with this in view that the “X” and
“Y” switches were fitted to the apparatus.
On the prototype model, there was provision
for altering light and control combinations by
four binding-posts and terminals, but no “X”
and “Y” change-over system.

The inclusion of some such quick change-
over that would give a convenient “diagonal
reversal” of any combination set up at the
distribution-points, was later suggested by
Dr. Biesheuvel as a worth-while addition for
investigating “perseveration”.

Having learnt one combination thoroughly,
subjects may be switched over to another
diagonally opposite, and some measure ob-
tained of the hindrance-effect exercised by the
“X” over the “Y” activity.

Summary and Conclusions

(1) A reaction apparatus retaining the same
behavioural aspects found of value in two
earlier models, but incorporating certain tech-
nical modifications and improvements, is fully
described.
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(2) It has given reasonably trouble-free ser-
vice for a period of ten years, during which
approximately 2,750 subjects have been tested.

(3) The ideal of compactness has possibly
been carried a little too far, and internal com-
ponents, although accessible, are somewhat
more crowded than is desirable for ready in-
spection and maintenance.

(4) The frame-and-panel design of the cabi-
net provides a structure both light and strong
but one which does not lend itself to easy or
economical reproduction in any quantity. A
slightly larger and plainer cabinet would be
an advantage, despite the increase in weight.

(5) An apparatus reverting to the prototype
system, with all electro-magnetic components
working off 24 volts D.C. and used in con-
junction with one of the modern selenium-
rectifiers that are today commercially obtain-
able, is worth consideration. This will obviate
the need for making a special selector-unit,
but increase the overall bulk and weight, be-
cause in addition to the rectifier, a trans-
former of substantial size will be required.
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FOREABLE _HAND-FOOT REACTION TEST
(Note on earlier model)

The reliability of the esrlier war-time model, shich
incorporated the same behavioursl essentials as the present oney
ie indicated by the following inter-trial correlations:

MEASURE o | ow
 Variebility
{10 snd % minute trisls) i 020 | 208

Resction Speed

| (10 eand 1 minute triels) 0.837 | 316
(10 and 2 minute triels) 0.900 | 281 |
(Two 5 minute trials) {092k 1 38

HVariability wags the devistion from thé averaga nunber of
controls presced for each 30 second period. It mas‘nat,praat1~‘
cable to obtedn a coefficient on the Learning Time section, which
would have meant a repetition of the rather lengthy learning
procodure on ancther combinotion of lighfs and controls,

| Validations of the carlier model yiclded the following
bicerial correlations between tost scores and success or failure
at Flying Schocls L
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Leaming 0.201 | 0.089 279
Time .| o.2b (Not svailable) | 170
Zeaction O 36} ’ Q. 08 li | 27 6

0.418 | (Not evailable) | 170

(i

{Short lLearning snd Reection times were favourable to success)

 These correlations gre somevhet smaller than these
obtained on the post-war groups for 1954 or 1955 with the
. rodesigned epperatus. In adéition to the fact that the latter
) was_mechanically more éfficient then its predecessor, there worg
3ome procedural changes in the post-war testing. Groatez
enphesis was placed on speed, wnith gave more scope to rapid
learning eapacity, snd by changing the éelationsnipa between
lighte and controls moré{frequently. thore was very 1ittle chance
that subjeots slready tested could &ivulge the comdinstions to
othors awaiting their turn. ‘
In 1942 (with the earlier mddel) ah nttempt wae mdde
to derive an ebjective temperament measure from the test§ on the
assumption that Primary-funetioning ﬁmbjects would work nore
guickly but be more variable from period to period, whereas
wec@mdary-functioning subjects would work more alovily but be more
conzistent. On 2 sample of 172, where the subjects had been
' rated as Primaxp 0ri Secondary by three or more independent
obeervors, a biserial correlation of 0.4§ (£ 0.09) was obtained
between variability on the test (doviation from the aversge
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number of cdntrols pressed for each 30 second period) and the
function ratings. The biserial correlation betweeniapeed of
work and function ratings was 0.30 (< 0.07). = A combinéd speed
and vaeriability score gave a biserial correlatioﬁ‘of 0457
'(t-0.06). On & later sample of 102, o combined speed and
variability score correlated 0.55 (= 0.06) with function ratings.
All these results were consonant with the above assumption.

Other research had indicated that, in general, a
Primary tendency was desirable for fighter pilots, and Secondary,
for bomber pilots. In peace~time, however, with air-treining
on a very much smaller écale.’it was not considered worthwhile
to emphasize this distinction at the selection stage. |
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2

SECTION I
Sumsary

Constructional details are given of five Co-ordination
tests, a Steadiness test, and a complex Hand~-foot Reaction
teét; together with accounts of their application to groups
of air-pilot candidates, |

‘As indicated by inter-triasl correlations, all the tests

have useful roliabxlitye

When a test such s Handlebars, Variable Co~ordination end

Steadiness affords measurss of both "CorrectiTime" and
_ "Error Time", the former is the more reliable. (In the
- Roundabout, "Error Time" is quite a different concept as it

refers to achievement in a part of the test separate from
that in which "CorrectTime" was measured). Where Time and
Error are involved in the same activity, as in Handlebars,

" Veriable Co-ordinetion and Steadiness, there is ususlly some

negative correlation between them, implying that fast work-
ing does tend to favour the production of more arror.

| Opposed to this, however, there is some instrucental depen-

dence between the measures vhercby fast working reduces
error because the aubject simply has less time in which to
accumulate error. In o complex task like handlebars,
which demends very precise snd careful work, this effect
is lees marked, and Time correlateec with Error to the

~ comparatively large extent of ~0.39. However, in the

simpler Steediness task it is more marked, and while the
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average correlation between Time and Error is about -0.10,

on some groups there were actually small positive correlations
between the measures, indicating that in this test fast
working may sometimes be slightly conducive to the production

of lessn error.

In all the testp, there are some measures that show a
significant relationship to success in flying training.
Validity coefficients are bimseriel correlations btetween

test performance and a Sucaeae/Suspension eriterion in which
suspension was only for reasons of poor practical airmanship!

Floating-effect co-ordination

On two annusl groups, overall performance gave respective
coefficlents of O.71 and 0,31, The first group, that
produced the larger one, wae significantly more heterogen-
eous in its composition.

Handlebars Co«erdination

Cnly on one of three anpual groups tested was there any
validity, and this was confined to the first trial ¢

Correct Time, 0.32} Error Time, 0.25. (Slow working and
leas error in the test, wae associated with flying success).

Variable Co-ordination

Results from one group teated indicated that on the "Correct
Time" measure three of the four trials were valid i 1, 0,34;
3, O.42; U4, O.48. (Fast working in the test was associated
with flying success).
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Specific Arm-leg Co-ordination

On four of five annual groups teasted, total performance

gave coefficients ranging from about 0.30 to 0,60, The
mean validity coefficient for all five groups {consideradbly
depressed by an inexplicable lack of validity in one group)
was 0,31, which is nevertheless highly significant. (In a
sixth group, tested subsequently, a significant product
moment correlation of 0.40 with practical flying, wnsw
obtained). This machine has become a standard "job" test
for selecting pupil air-pilota. ‘

Roundabout

Results from one group tested, showed that measures on the
Pursuit part of the test (“Error Time") had an aggregate
validity of 0,35,

Steadiness

On five consecutive annual groups, the "Correct Time'" measure
showed small but significant mean validities in two of the
four test trials :

1, C.19; 4 (Stress Trial), 0.22.

(Slow working, probably indicating an absence of “fluster",
was associated with flyins success).

Hand-foot Reaction

Results from two groups (supported by results from two large
war-time groups, obtained with an earlier prototype)
indicated that both the initial Learning part of the test
and the subsequent Reaction part had useful validity, but
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the latter, in which the candidate had to apply what he had
learnt, aquickly and without error, was the more significent,
with coefficients ranging from absut 0.40 to 0.60.

The tests which appear to have the least.qsefulness as
instruments for predicting succese in flying training are
Handlebars Co~ordination and Steadiness. Possibly the
muscular control involved in the former is of a much finer.
pattern than is ever 1ikaly to be requifad by the air-pilot.
Thie testlmight give better results in relation to some of
the finer industrial oceupetions. Performance in Steadiness
(particularly under stress) is very dependent on personality
factors which were conceivably of more importance for success
in war-time training, when the test showea uvaeful validity.

Plyinp. however, remains a basically intimidating vacation,

"and it is of interest to note that in both Steadiness and
- Variable Co—oraination the trianls that showed the most

éignificant relationship with flying success were those in
which there was the threat of punishment by electric shock.

It ia likely that the validity coefficients obtained with

these tests have been depressed by the restriction of rangé

in the criterion groups through pre-selection. This has
particuler reference to Specific Arm-leg Co-ordination,
Steadiness, and Hand-foot Reaction, which formed part of
the actuel selection battery.

_Beores in the other tests did not play any part in the

actual selection of the candidates on whom the subsequent
validation studies were done, and the depressive effect
would therefore have been less in these tests. . (See
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8.

‘9.

Section VII. "Reliability and Validity").

For various pr&ctical reasons, it was not possible to
administer all the tests to the same groups of candidates,
The few available correlations between tests are mostly
rether small énd rostricted to certain parts of tests, but
in the case of Handlebars and Steadiness there appears %0

 be a substantial overall relationship, the coefficients

being C.53 (Time) and Q.40 (Error Time). These and other
available correlations are discussed in Section III.

Although a group of English-speaking subjects did better
than a group of Afrikeans-spenking in certain mental tests,
there was no signifieant difference in Specific Arm-leg
Gosordination. Later reaults from Fioating-effect
Co-ordination and. ?ariable Co—ordination (not quoted here)

have likewice ahown no significant differences beiween groups.

While the tests in this section were intended primerily for
air-pilot candidates, some of them might have wider applica-

. tion in both. basic research and occupational selection.
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SECTION II

SENSORT-MOTOR TESTS INTENDED MAINLY

FOR _INDUSTRIAL _RESEARCH AND CLASSIFICATION
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SECTION II

Introduction

Industrial operatives, like air-pilote, are primarily
concerned with situations in wvhich practical skills play an
~ important part, but which are, generally less complex, exacting
and haszardous than flying situations. In industry, meny
occupations of the semi-skilled and skilled sort such as tending
machines, carrying out mechanical repqirs, handling tools, and
assembling components, usually require directed sensory-sotor
activities that are well controlled and fine or moderately fine,
in ecope., Others, like the driving of vehicles and winches, say
require, in addition to muscular co-ordination, prompt and precise
reaction to certain stimuli.

In air-pilot research, there are the problems of identifying
and measuring the skills necessary to control one kind of very
complex machine. Industrial research is faced with the problems
of developing tests that will predict abilities to control many
kinds of physical things, which, although generally much simpler
than eircraft, often involve patterns of manipulation that are
highly specific to themselves.

While it is undoubtedly true that specific "job" tests
provide the moat adequate means of measuring sbilities for practi-
cal jobs, it iz only in comparatively few specialist vocations
that their use is econoxzically justifiable., For the industrial
rank-and~file, overall expediency imposea the need to develop
instruments having more ''general-purpose' applications,.
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This section cozprises three chapters. The first is
concerned with two Sensory-motor tects, namely, Chopaticks and
Tweezer-Nozzle, in which fine co-ordinated sanipulations are
yerformed with implements. The second deals with six Sensory-
motor tests that involve moderately fine manipulations, namely,
Tweezer-Nuts, Tweegzer-Mirror, Two-hand Sticks, Steadiness Stick,
Tray Co-ordipation and Ring Throwing. Implements are employed
in the four former, but not the two latter. In Tweezer-Mirror
there is also an element of perceptusl-motor confliot.

The third chapter describes five tests of which the first
three, namely, Tripod-and-weight, Cbject Sorting and "Three-
dimensional’ Peg-board sre really hybride involving both sensory-
motor skill and the ability to perceive three-dimensional fors
relations. For this reason it is preferable to call then
"Assempbly" tests. Code-signal Reaction, measures choice-reamction
to signals given in sn elementary code; and Dynamic Coincident
Reaction, simple but precise reaction to a moving stimulus.
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Reprinted from the Journal of the, National Institute for Personnel Research
J. NAT. INST. PERSONNEL RES,, 1957, 7, 75-79

TWO TESTS OF IMPLEMENT MANIPULATION.

D. R. De WET.

(Received 5th April, 1957)

Introduction.

Broad distinctions have been mentioned in
the past by Muscio (1922) and others between
activities which are predominantly mental and
those where the elements are mainly motor.

Although it is still a moot point whether the
organism can undergo mental experience with-
out some concomitant motor activity, at least
on a reflex or autonomic level, there seems to
be fairly general agreement that all voluntary
motor activity exhibits an essential nexus with
some sort of ‘mental’ process in the central
nervous system.

A decapitated snake or fowl is capable of
marked motor activity for a short time, but
the movements are random, without direction
or motivation.

Even the simplest manual skills have a ‘mental’
element which persists in all tests of this type
to a greater or less degree despite our attempts
to eliminate it. We are still faced with the
dilemma which baffled the earlier investigators
like Muscio (1922), Perrin (1921), Wyatt (1926)
and Seashore (1928), viz. :—

‘Mental’ or ‘Intellectual’ tests tend to give
significant inter-correlations, whereas ‘skill’
tests do not.

The ‘simpler’ the skill tests (i.e. the smaller
the ‘mental’ content), the greater appears their
specificity. On the other hand, more complex
ones may tend to give higher inter-correlations,
but the ‘skill’ relationship becomes less interpret-
able on account of increased ‘mental’ overlap.

The apparent specific nature of ‘simple’ skill
tests is not at present adequate justification for
discarding this approach. It may well be that
our concept of ‘motor skill’ is far too general

and our interpretation of °‘specificity’ insuf- -

ficiently relative.

From the practical standpoint of personnel
selection, although the correlations between
certain individual skill tests and operational
criteria may not be large, their contribution to
the battery as a whole can still be of value. In
discussing ‘Specific duties tests’, (which describes
the majority of applied skill tests) Biesheuvel
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(1955) pointed out that: “ Even a small gain
may be an important consideration in pro-
grammes involving scarce or highgrade man-
power, costly training procedures or vitally
important duties.”

Muscio (1922) drew his conclusions from
tests as diverse as Aiming, Tapping, Tracing,
Form-boards, Putting matches in a matchbox,
Wrist movements, Pursuit, Steadiness and
Auditory Reaction. In the light of later research
it is not surprising that his correlations were
low.

The ‘Matchbox’ test is an example of a
‘manipulative dexterity’ test as we regard the
term today. These seem to fall into a distinct
category of motor skill tests, comprising those
where the activity is a repetitive process, usually
simple, involving a series of separate identical
stimuli. Even in this restricted sense, permu-
tations and combinations are many and parallel
activities legion. It may be exemplified by an
operative placing successive nuts on an assembly
job or a simian placing successive nuts (of an
edible kind) into his own maw.

Resembling the ‘Matchbox’ test are certain
simple sorting activities and Peg-boards. Most
of these have a common feature, viz. the stimuli
are directly prehensible to the subject. In
another class of manipulation test the stimulus
is not handled directly by the subject, instead
he manipulates it with a tool or implement of
some sort.

The two tests described here are of this latter
kind.

Chopsticks Test. (see figures 1 and 2, pages
77 and 79.)

This apparatus is intended primarily for in-
dividual administration to investigate the more
specialized manual skills which appear to pre-
vail in certain occupations, and lends itself
also to the study of temperament and person-
ality traits by direct observation of the subject’s
performance. :

Where a measure of straightforward attain-
ment is the main object, several identical models
could be administered to a small group at once.
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The inclusion of a ‘frustration’ element is -

intentional, as this is characteristic of many
delicate assembly operations in industrial and
other work where a wrong or careless move can
suddenly undo the results of much painstaking
labour.

Description.

The apparatus consists of a rectangular
wooden case having a transparent top and a
hole in the middle of each end. The case hinges
on a solid wooden base-board designed to rest
on a table, and its angle relative to the base-
board is made adjustable by means of two slotted
struts and thumbscrews. On the bottom of the
case is fixed a metal plate perforated with
identical holes in rows.

A number of stcel balls (corresponding
usually to the number of holes in the plate)
reposes inside the case.

. By manipulating two rods through the holes
in the ends of the case, the subject transfers
steel balls to the surface of the plate and directs
them so that they come to rest over the holes.
The score is commonly calculated in terms of
the number of balls placed in a given length
of time.

The normal angle of the case relative to the
board is ten degrees.

To obtain a ‘frustration’ element, the holes in
the plate are made of considerably smaller
diameter than the balls, so that although the
latter are positively located, they can easily be
dislodged by careless movements of the rods.

Technique.

It is customary to tell the subject that he
loses credit for the balls which he knocks off ;
i.e. at the end of the standard time period he
scores only according to the balls which are
actually on the plate,

As it is somewhat more difficult to get balls
placed on the upper rows of holes than on the
lower rows, a graded system of scoring may be
advisable. If this is decided on the subject
had better be informed briefly of the relative
values of the rows before he starts the test.

Although the subject is told that he is scored
n terms of those balls actually on the plate at
the end of the time limit, a great deal of useful
information is neglected if we consider only this
final picture.
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To get the most comprehensive data from
this test when it is administered individually,

‘the observer should make a note at short,
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regular intervals of say a minute or two minutes
of the exact number and distribution of balls
which the subject has succeeded in locating on
the plate. v

This can be facilitated by using a scoring
sheet having ten or twenty blank charts of the
perforated plate printed thereon. Dots may
represent positions of holes. At every time
interval the observer makes a mark over those
dots which correspond to holes where balls are
in position.

By this means a continuous and compre-
hensive record of the subject’s progress through
the test is obtainable.

Not only will this provide more varied and
accurate scope for rating his skill performance,
but his individual method and preferences for
a particular section of the plate at different
stages ; the precise locations and occasions of
upsetting balls already placed and the possible
effects of these mishaps on subsequent per-
formance, are objectively and permanently
recorded.

Opposite each chart a space may be provided
for the observer to make a quick note of any
overt reactions by the subject.

A suitable standard time for normal subjects
is fifteen or twenty minutes.

(see figure 3, page 77.)

Whereas in the Chopsticks test the subject
sits comfortably at a table and may steady his
arms on its edge, the Tweezer-Nozzle test is
intended to investigate manipulative dexterity
in relation to a background of wider muscular
control and postural dynamics.

Tweezer-Nozzle Test.

As an indjvidual or group test it may be done
standing, sitting, or in other positions, provided
that the arms are not steadied against the body
or any other supports. The object of this pre-
caution is to give hand tremors and general
involuntary body movements, unrestricted play.

Description.

There is a metal nozzle, surrounded by a
cup-like flange to which it is fixed so that its
lower end forming a plug section fits into a
hollow handle of bakelite or other suitable
material.
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The handle is made easily removable from
the top section by having two parallel saw cuts
in the plug part which give it a measure of
lateral spring tension.

It is preferable that the cup and nozzle be
made of non-magnetic material.

Technique.

Gramophone needles are placed in the sur-
rounding recess and the activity consists in
transferring them by means of a pair of tweezers
into the nozzle-tip through which they fall into
the hollow handle.

The usual procedure is to distribute 30
needles in more or less random equality in the
cup recess and rate performance in terms of
the total number of needles transferred into
the handle in a standard period of time. For
individual application, however, it may be
varied. For example, ten needles may be
placed in the cup and a measure of time taken
in each case to transfer them all, recorded as
the score.

Most persons prefer to hold the nozzle in the
left hand and the tweezers in the right, but
subjects are free to hold them the other way
about if desired. ’

They may insert the needles blunt end or
sharp end first at random, but they are in-
structed not to rest their hands against each.
other or the tweezers on the cup edge and not
to worry about retrieving any needles which
may drop on the floor as these are lost points

anyway.
Up to a dozen of these tests can be con-
veniently administered to a group at once.
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Figure 1.

The Chopsticks Test.
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