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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
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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).
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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



D. R. DE WET

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-

€)

@
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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
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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
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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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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,
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faces.
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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-

39

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

42

D. R. DE WET

“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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VARIABLE CO-ORDINATION TEST. PLATE 1.
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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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“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 . >
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- . 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" : '
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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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AIR-PILOTS ARM-LEG CO-ORDINATOR

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.

B= Control to adjh-sr foudness of buzzer, rod-sections are

“STANDARD' CLocw;\L kept in

holders,
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for
3-cord flex
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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.

Brass <12 4BA 2BA Brass3 DISC UNDERNEATH
retaining- 7 ': 8 g2
coltar — = 16--Uo A Sweated | ‘ 2

2BA &

Ebonite bush
washer )

M/S

insulates disc
s/

from motor-spindle.

Bakelite
1
o,D.2xé

Inset of Bakelireé Tap for 2BA

cemented Fflush
R . Bottom of recess
with disc.

Brass sheet
' 1

Clearing- 16 :
hole '8 v ¥ plated !
23
23 51
D R B 8 14,

|onri—>

Spring-brass.020 e

= 5— >
: - y—Baize 16 ;
L = — ]
ROUND | 2 4% e :
2 % MIS Angle 1X1X &
MORTAR-| % | |Aiumin: T::  Angle 1x1Xg
BOARD, [0BA} 2L #fo 1--%
1o | 2
Steel 4 ‘ ' J[ of w9 T
21 LS el sawscut
balls
fe—] > 16 ,
Extension Rod-holders
N on
s s Ebonite Rd. INDEX-RINGS FOR STOP- motor-spindie. Ferrules
3 52 . : 3
:<—-1"8~>:<8): B‘BA WATCH. 2 Reqd Brass tube ‘3/8 O.Df_‘l 3,
B iod— — |
Y 3 :
; 183 .
! .'.::bjl' - $
‘dlgs' Knob Ebonite S/g diam, TILLER-ROD Birch dowel 3/g

92



s4 D. R. pE Wer

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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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.

S8



60 i D. R. pE WET

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-



D. R. DE WET

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).
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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

119

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
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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
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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
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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

130



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.

TESTS OF IMPLEMENT MANIPULATION

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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TESTS OF IMPLEMENT MANIPULATION
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APPLICATIONS

African Subjects

The Chopsticks and Tweezer-Nozzle tests were adminis~
tered by Hudson, Mokoatle and Mbau (2) to 18 untrained African
operatives in a factory producing nuts and bolts, with the object
of answering the following three questions in relation to the
- tasks involved in these tests and in operating a "Nutting' machine:
(1) Will a period of systematic training even out individual -
differences in initial ability? (2) Does incentive have any
effect on performance? (3) Can the tests predict ability to
perform a simple, repetifive operation like "Nutting“, which
consists essentially of picking up each bolt in turn from a
container, holding the threaded end in alighment with a nut
rotated by the machine, until the two are joined, and then
. dropping the assembly into a chute?

Candidates were given five one-minute trials, once only,
on Tweezer-Nozzle; two three-minute trials daily, on Chopsticks
for 21 days; and two three-minute trials daily on the Nutting
machine, for 21 days. On Chopsticks and Nutting, up to the
eleventh day, a daily one-minute period of general training in
principles of operation preceded the first test trial, and a
thiee;minute’period of specific training, the second test trial.
Instructional training was then discontinued, as unnecessary,

and the stimulus of a small monetary incentive intrqducéd.
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Achievement scores on Chopsticks and Tweezer-Nozzle
correlated, respectively, 0.59 and 0,51 with achievement scores
on Nutting (with incentive), whereas, without the incentive,
these correlations were 0.51 and 0.38. Increment scores on
Chopsticks and Tweeger Nozzle, reflecting the amount of
improvement in performance, correlated 0.59 and 0.0k with
achievement scores on Nutting (with incentive). As the test
sample is small, only four of these correlations reach the 10%
level of significance. In connection with the validities
obtained, the investigators state : "Of the two tests which
predict Nutting machine achievement score, Tweezer-Nogzzle is the
more useful. On this test achievement score is the mean of
trials 2 - 5. It is possible with a short simple test lasting
five minutes and capable of group administration to obtain
prediction of eventual work performance after training."

On the twelfth day, the introduction of a small
monetary inpentive stimulated the Nutting operation, which was a
monotonous task having a rather low "status" value in the factory.
As performance on Chopsticks had not yet reached a plateau when
the incentive was introduced, it was not possible to determine
its effect here.

Results obtained from Chopsticks and Nutting over the
21 day period showed that practice and training did not even out
individual differences in initial ability. The good starters
tended to retain their ascendancy. It was not possible to
assess Tweezer-Nozzle in this respect, as it was administered

once only.
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Chopsticks (Reliability)

Where available, the individual Chopsticks scores of
subjects who took part in the above investigation have been
examined by the writer with the object of obtaining some
indication of range, re-test reliability, and inter-trial

consistency.

Table 1 shows the distributions and means of all 18
subjects on the first and seventh days of testing. Scoring was
according to the graded system: a ball located in the top row
counting 5, and in the consecutive lower rows, &, 3, 2, 1,
respectively. On the first day the distribution was skewed
towards the "difficult” side; on the seventh, it was more
symmetrical.

Test - Re-test reliability, as indicated by the
correlation between performance during seven consecutive days of
testing, is shown in Table 2. The coefficient increases from
0.51 on the second and third days, to 0.89 on the fourth, and
thereafter remains about this size. Even with such a small
sample, the improvement in reliability on the fourth day is
significant at better than the 5% level.

Table 3 gives the Mean total score, S.D., and
relationship between trials 1 and 2, on each of 19 consecutive
testing days. DUnfortunately, scores were available on only
eleven subjectse who were present at every testing session.

The average uncorrected intermal consistency of the
test was 0.57 for days 1 to 4; 0.85 for days 5 to 7; and 0.85
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for days 8 to 11. Maximpm consiciency was reached by about day
6. The introduction of the monetary incentive to performance
on day 12, appears to have had a rather disturbing effect on the
internal consistency, which dropped to the lowest level of 0.35,
although the overall mean periormance was still equal to that of
day 11. On day 11, one subject did moderatcly worse in the
second trial than in the first, whereac the rest tended to
perform slightly better or about the same in !~ icond trial.
On day 12, two subjects showed considerable decrement in the
second trial; and two, very great improvement, which in such e
small sample depressed the correlation appreciably.

After day 12, when the subjects had become more used to
the idea of the monetary incentive, the internal consistency
tended to increase again, the mean for days 13 ~ 15 being 0.69,
and for days 16 - 19, 0.71. @ However, it does not reach the
maximum of the pre~incentive periocd, although the mean performance

continued to improve.

While the introduction 6f the monetary incentive was
probably beneficial to all-round achievement, it could have
reduced internal consistency because (a) the more strongly
motivated subjects sometimes tried modifications in technique,
with or without success; and (b) their judgment was sometimes
adversely affected by their ambition to excel., and they took
rigks that resulted in the loss of balls already located.
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Chopsticks (Buropean Subjects)

(1)

In an investigation of relationships between stress
tolerance and psychological and physiological variates, conducted
in the Electro-encephalographic Department of the NIPR, the
Chopsticks test was included as a medium for assessing tempera-
mental aspects of behaviour which might be related to differences
in the ability to tolerate stress.

The following two sensory-motor tests were also
included in the battery :
Visual Selective Reaction
Geometric figures of six different kinds were automatically

presented one at a time on & screen, and in each case the subject
reacted as quickly as possible by pressing the corresponding one
of six keys. If he pressed the wrong key, the figure remained
on the screen and an error was recorded. VWhen he pressed the
correct key, the figure was replaced by one of the other five at
random, or it might be repeated. The scores were : (a) Correct
reactions during a continuous period of five minutes, (B) Errors.
Visual Perception Rate

Using a Hodge electronic tachistoscope, eight white.cards marked
with three to ten black squares were each presented twice in
random order for 200 milliseconds. After the exposure of each
card the subject had to report the number of dots he perceived,

the score being the number of correct responses.

While the subjects performed the Chopsticks test for a
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continuous period of 10 minutes, temperamental manifestations in
terms of Activity, Emotionality and Primary-Secondary Function

were observed and rated on scales.

In addition to the psychological tests, which were-all
performed under normal conditions, a large number of neuro-
ﬁsychological and physiological measurements were taken, including”
EEG Alpha Frequency, Heart Rate and Respiration Rate, the two
létter under various conditions. All the subjects were
European males 18 to 22 years old. Of these, 43 had previously
undergone intensive physiological testing at the Human Sciences
Laboratory of the Chamber of Mines. Among the many measures
taken there on this group, was the subjecfs' Pyruvic Acid level
in millimols after controlled periods of strenuous physical work.

Performance at Chopsticks'was according to the graded
-system, a ball in the top row counting $, and in the ¢onsecutive
lower rows 4, 3, 2, 1. The distribution of scores obtained on
the sample of 139 is shown in Table 4. It is skewed slightly
towards the "difficult'" side. The mean score achieved during
the continuous 10 minute triasl was 34.84 (S.D. 16.11).

Correlations obtailned between Chopsticks achievement
and some of the other variates, are given in Teble 5. There are
emall positive relationships with Secondary Function (tendency
to Cautiousness, Steadiness, Reserve, etc.), Emotional Stability,
Visual Selective Reaction (Correct), and Visual Perception Rate;
. and small negative relationships with Heart Rate (both at rest
and during noise), and Respiration Rate (at rest). The noise
stimuli were wide spectrum at.a level of 92 db, each lasting

for 1.75 seconds and presented at short random intervals.
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The most significant result is the negative correlation
of =0.36 (P ¢ 0.02) between Chopsticks Achievement and Pyruvic
Acid level after physical work. Mr. G.K. Nelson of the EEG
Department considers that biochemical factors influencing
behaviour might be responsible for this finding and also for other
significant correlations found between Respiration Regularity and
Lactic Acid level (-0,31), and GSR Adaptation Rate and excess
Lactate (-0,37).

It is not possible to compare the mean Chopsticks scores
of the African and European samples, as the former did two three-
minute trials, and the latter, a continuous ten-minute trial.

(2)

The Chopsticks test was applied by Holtz (1) in a
preliminary analysis to her investigation on temperament and
personality factors, with the object of assessing the overt
reactions of the subjects in this frustrating manipulative task.
Instructions to the subjects (46 European university students)
emphasized the skill aspects of the performance, so that they
should not suspect the real purpose of the test.

While the subjects worked for fifteen minutes at Chop-
sticks, they were independently rated by two observers on each of
the 24 items of the NIFR Temperament Form, where eighteen items
related to the Heymans-Wiersma system, namely, six in esch of the
categories Primary-Secondary Function, Activity, and Feeling Tone;
and the remaining six to Emotional stability and instability.

As the ratings of the two observers corresponded closely, they
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were combined into one. Product-moment intercorrelations were
then computed between the 2i items and subjected to factor analysis
by Thurstone's method. Five factors emerged, and after rotations
directed towards the achievement of simple structure, these were
identified by Holtz (.1; p.95) as follows:- "(A) Vitality and
unrestricted expression of feeling. (B) Emotional disturbance,
nervousness and tension. (C) Positive motivation and concentra-
ted effort. (D) Disintegrating and disorganizing aspects of
primary function, as evoked by the frustrating Chopsticks test.
(E) Agitation; ready mobilization and utilization of energy."
Holtz ( 13 p. 78) remarks : "In our investigation, the Chopsticks
test provided a valuable situation for gauging the degree of

task involvement and efficiency of motivation."

Tweezor-Nozzle., (Reliability etc.)

Table 6 shows the distributions of total Tweezer-Nozgle
scores over five one-minute trials obtained from respective
industrial groups of 18 Africans and 18 Europeans, and Table 7,
the mean scores achieved by the groups in each trial. In neither
range, variability, mean performance in each trial, nor mean
overall performance, is there any significant difference between

the groups.

The correlations between Trials (2 + 4) and (3 + 5),
and the corresponding reliability coefficients obtained by the
Spearman-Brown correction, are skown in Table 8. On the present
small samples there les no significant difference between the
coefficients for the respective groups, although that for the
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Europeans is somewhat larger. They indicate that, for either
group, a testing period of five one-minute trimle has good
reliability.

Relationships obtained between the Tweezer-Nozzle test
and some other tests administered by Murray (3) to 130 industrial
Africans, are given in Table 9, and also the relationship between
Tweezer-Nozzle and Chopsticks computed from the data of Hudson '
et al. (2). It has no significant correlation with Wiggly
Blocks and Street Geatalt, which are primarily tests of form
recognition, but correlates eignificantly with Cube Construction,
Two-hand Co-ordination (Moede-type) Accuracy, Object Sorting,
Screws-and-Nuts Assembly, Lettér-and-Numeral Sorting, Tripod
Aasémbly:wiyd Chopsticks. (The six former tests are described
in another,section pp.202 —222 ), The largest correlations are
with Tripod Assembly (O.44; P< 0.02) and Chopsticks (0.48;

P< 0.05), where the patterns of manipulation also require fairly

fine muscular control.

Tweezer-Nozzle (Performance and Estimation)

The Tweezer-Nozzle test has been administered under
the direction of Dr. Reuning of this Institute, to 193 European
mining apprentices ranging in age from 15 to 24 years, with the
ohject of investigating actual performance in relation to sub-
jects' own estimates of their performance. Ten one-minute trialas
were given, and before starting each trial the subject was asked
to Yguess" how many needles he would succeed in inserting. The
following are some results from a preliminary examination of the
test scores by the uniter.
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Table 10 shows the mean total Performance and Estiwmation
scores, and the mean amount of Error in Estimation in terms of a
percentage of the Performance score. The Estimation mean is
larger than the Performance mean, the &ifference being very
significant (P = 0.0001) because the data is highly correlated.
The mean amount of Error in Estimation by the subjects
(irrespective of the direction of the error) was 11.79%.

Intercorrelations between the three measures are given
in Table 11. There is no significant relationship between the
percentage of Error in Estimation and Estimation. As subjects'
estimations were based largely on their actual achievement in
preceding test trials, there is a large correlation (0.824)
between Performance and Estimation. A significant correlation
of «0,350 between Performance and Error in Estimation indicates
a tendency for the good performers to predict their achievement
more accurately than the inferior performers.

As shown in Table 12, six of the 193 subjects estimated
‘their overall performance exactly; 67 under-estimated by 9.73%;
and 120 over-estimated by 13.53%. Error in Over-estimation was
significantly larger at better than the S5% level.

Of those subjects who estimated either over or under,
significantly more tended to over-estimate, the 99% confidence
interval for the proportion of those who under-estimated being
04275 to 0.450, which shows that the value 67/187(0.36) is
significantly different from 0.50 at something beyond the 1¥
level.
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Tweezer-Nozzle (Effect of Alcohol)

. In an investigation on the behavioural effects of
mild to moderate aleoholic intoxication, Nelson (4) applied
various EEG measures and the following sensory-motor tests,
to 29 African male adults :
(1) Tweezer-Nozzle; (2) Improved Steadinees Apperatus (p );
(3) Code-Signal Reaction (p ); (4) Simple Reaction Time;
(5) Two-bhand Co-ordination (Moede-type); (6) Visual Perception
Rate; (7) Visual Discrimination; (8) Tapping Speed;
(9) Two-hand Pursuit; (10) Card-Sorting.

The only sensory-motor tests in which performance
was significantly inferior under conditions of mild to moderate
intoxication were ¢ Visual Discrimination, Tapping Speed, Card
Sorting, and Two-hand Co-ordination (Accuracy).
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TABLE I

Chopsticks
(African subjects. Two 3 minute trials)

lst Day 7th Day
Scores N Scoren N
0 - 4 3 29 ~ 35 1
5 -~ 9 2 36 - 42 0
10 - b 1 43 ~ 49 2
15 « 19 2 5 - 56 3
20 « 2h [ 57 - 63 1
25 -« 29 e 6k - 70 1
30 -« 34 1 71 - 77 1
3% - 39 1 78 - 84 [
4 - 4b 0 85 - 91 2
45 - 49 0 92 ~ 98 1
50 = 5& 1 99 - 105 0
5 - 59 1 106 - 112 e
18 | 18
Range : O - 56 Range § 29 - 109

Mean : 21.61 Mean : 71.83

5.D. ¢ 15,36 S.D. ¢ 2l 42
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TARLE 2
Chopsticks
Test =~ re-test. Beliability

" (African subjecte N = 16)

Days r

[ 1ana2 | o
2and 3 | 0.5

% and b 0.89

% and S 0.86

5 and 6 0,89

6 and 7 0.89
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TABLE 3

Chopsticks

Means and S.D's (Trials 1 & 2), and correlation
between trials 1 and 2, on successive days of testing
(African subjects N = 11)

Day | Mean | 5.D. r Rel.
b 20 16 48 65
2| 35 | 17 63 | 77
3| W |17 | .59 | o7
4 50 | 20 | .56 | .72
5 53 | 25 79 | 88
é 62 29 .90 95
v/ 67 | o4 85 | «92
8 73 | 27 O | .97
9 | 75 | 2% | .69 | .82

10 82 | 29 89 | o9t

L 92 | 32 .88 | .gb

12 91 | 24 o35 | o52

13 92 | 2k 78 | .88

1 | 1001 | 31 | 7% | .85

15 g6 | 24 56 | W72

16 105 32 79 .88

17 8 | 21 | J46 | 63

18 | 110 | 36 82 | .90

19 10k 35 76 86
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{European subjects.

TABLE &

Chopsticks

Cne 10 minute trial)

Scores

5 =10

11 -« 16

17 - 22

23 - 28

1 29 = xh

j 35 « 4O
41 - LE

47 - 52

53 = 58

59 - 6h

65 = 70 |

Above

(8cored 101)

16
22
16
18
18
10

10

129 |

Hean ¢ 34.84

Range ¢ 5 - 101

SOD. = 16.11
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TABLE

Chopsticks

Correlations with other variates

(Decimnl points omitted)

Other variates r N
Primary Function 02 133
Secondary Function 18s 121
Activity 17 121
Emotional Stability 238 117
Visual Selective Reaction (Correct) 228 139
Visual Selective Reaction (Errors) =11 139
Visual Perception Kate 19s 139
Hours slept previous night 06 119
Heart Rate (Rest) -19s 139
Heart Rate (During noise) 208 139
Heart Rate (after noise) -13 139
Respiration Rate (Rest) ~19s 139
Respiration Rate (During noise) -16 139
Reapiration Rate (after noise) =07 139
E.E.G. Alpha Frequency c8 139
Age 15 139
Pyruvic Acid level after work ~368 43

"g" implies significance at the 5% level or better.
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TABLE 6

Twee zer-;Nozzle

T_’otal scores of five one-minute t‘rials

Scores Africens | Europeans

29 - 33 1 | Range ¢ | 1 | Range:
3 - 38 4| 29-83 2| 3 -86
39 - 43 1 1

L - 48 o 2

b9 «~ 53 L | Mean 1 | Mean :
54 « 58 1| sb4,22 3| 57.00
59 - 63 2 4
- 64 - 68 0 0
69 - 73 2|80t | 1] 8.0 ¢
% - 78 2| 15.75 0| 16.03
79 - 83 1 0
84 - 88 0 3

Total R 18 18
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TABLE 7

Tweezer-Nozgle

Mesans and 5.D.'s of five one-minute trials

and totsl
‘Trial Africans N s 18 Europeans N = 18
No. Mean 5.0, Hean 5.D.
2 " 10.9% 4,85 11.17 3.7C
3 11.39 b.26 12.28 k19
4 C11.67 3.21 11.50 2495
Total 54,22 | 15.75 57.00 | 16.03

No significant differences between groups
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TABLE 8

Tweezer-Nozzle

Correlations bstween Trials (2+4) and (3+5)

Group N r Rel.

African | 18 | 0.79 | 0.88

European | 18 | 0,91 | 0.95
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TABLE 9

Tweegzer~ilozzle

Correlations with other tests (Africans)

(Decimal pbints omitted)

N =130 | r P

wiggly Elocks 10 | > 23
Street Geaialt_ 16 > 07
Cube Construction 28
Two~hand Co=-Ord.(Acc.) 28 ¢
Objéct Sorting ‘29 02
Serews-and-nute Assenbly -3 1
Letter-and-Numeral Sort. C 32
Tripod Assembly L | |

N =18 r P
Chopaticks Lg | < 05
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TABLE 10

Tweezer-Nozzle

Meane and 3.D.'s (Buropeans)

(Totals of 10 one-minute

trials)

H= 193 Mean JeDe
Performance 13C.C5o | 50.69
istimation 135.34 | 32,20
? irror in
Latimation 11.79 12.91
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TABLE 11

Tweoger-Nogale

Intercorrelatiocns (N = 193 Europeans)

Performance and Estimation 0.824 < 0,000

Performance and Error in

(Difference ) ~0,350 | < 0,001

Estination (Porformence )

Estimation and Error in

(Difference

Estimation (Perfo ce «0,109 2> 0,110

B Nt
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TABLE 12

Tweezer-Nozgzle

Direetion and Accurmcy of Lstimation

(N = 193 Eurcpeans)

Estimation | N Percent{ S.D. grigrdif:'
Error )
~ Over 120 13,53 |14.16
£ 0,05
Under €7 9.73 | 9.96
Correct 6 0.C0 - -

Most subjects (P< 0.01) tended to over-estimate.
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SIMPLE  SKILL TREITES  AFPLIED TO  AFRICANS

o The construction and experimental apylication of zome
"eimple” tests of manipulstive ekill, suitable for sdministration
to several subjects at a time, is described. while using the
minimun of apparstus, the battery wag intended toc cover factors
such as dexterity, steadiness, aiming, co-ordination and pércepa
tualemotor conflict. Results obtained on adult africans {indicated
that: (1) Relisbility of most of the tests wae reasomsbly good.
(2) Educational level correlated negatively'with only One sensoryw
motor test, namely, Steadiness. (3) A practiesl mental test
correlated with tweezeremanipulation by sirroreview, {4) The mean
intercorralating'betwean all the sensory-motor tests was about
015, (5) In a less intelligent mele group the mentsl test
showed & mean overlap of 0.24 with the sensory-potor teatsy in a
more intelligent female group the overlsp was 0.12, (6) There
were come difforences in achievement attributable to differences
in sex and age, (7) The tests showed no useful potentiality for
- gelecting operatives ia o porcelain factory.

Two principal drawbacks of apparatus tests, as compared
with "pencileand~paper” tests, are the costliness of reproduction
in quantity and the goneral unsuitsbility fnr‘adminiﬁtration to
more than one subject at a time. However, in studying practical
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gkills the uge of "three«~dimensional" apparatus is often necessary
and for certein basic rescarch, or the selection of specialist,
nighegrade personnel, individual testing on expensive equipment 1o
weually justified; but this is not sorthwhile in many elementary
investigations, or for low-level industrial selection.. Here, the
 equipment should be cmnstruétionally simple, compaét to store and
trangport, cheap to reproduce, and suitable for adminigtration‘to
~several subjecte at a time. | | | | |
. The following simplu piaces of auparatus, ueed in certain
combinations, prov;de a battery of six or wmore tests of monipulaw
tive ekill intended to cover oeweral factors such as éexterity,
'ateauxneas, eicming, co~ordinatien and perceptual—metor conflict.
The tests are well suited to illiterates as most of the instruction
is by practical demonstration., Up to six subjécts ot a time can
be conveniently managed‘by one observer., . |

K

Description of Apparatus

A basic component in five of the tests is s small square
pan with a stainless steel rod mounted v@réically'ét'tho middle,
 as shown in Plate 1. . For convenience in packing, the rod is
detachable from & fixed bush in which it fits snugly, end to
afford éome means of adjustment to compensmte for wear which m@ulﬁ
tend to loosen the fit, the lower end of the rod is split, Uhén
the rod is in position there should be no perceptidble wobble at
the free end. This end is flat, but the sharp circumferentisl
edge ic rounded very slightly with a fine file. The pan is made
of a fairly heavy gauge of iron sheet becouse the extra weight
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improves atabllity in use and there is alsp no need to solder the
corners. The tweezers are of s standard round-erded surgicel
pattern set with a gap of approximately three-quarters of an inch
between the ends at the open position.

The other implements are shown in Flate 2., Both metal pins
in the Steadiness-stick are a light driving fit through the wood.
The ends of the ecross-pin may be round or chamfered, but the
protecting end of the other pin, like that of the rod in Plate 1,
is flat, with the edge rounded only very slightly, Similarly, the
ends of the wooden Two~hand sticks are flat with edges rounded
just a little., The wooden ferrule at the middle of each of these
sticke 1s glued faost. The rubber rings (Ilste 2) are of a stone
dard fruite-jar type readily obtainable in packete of a dozen.

Plate 3 fllustrates a simple case bent from a single pioce
of iron gheet to provide suppert for a nirror at one end and a
gereen at the other, The mirror, permanently fixed in a light tine
plate shesth to protect its backing, is held in two channels
formed by bending over the vertical edges of the support, and it
can be slid out easily for tranaportation or storage.

The tineplate tray depicted ir Plate 4 has & ramp aleng
the middle of the large compartment that clopes up to the partiticn
and the narrow opening in a tunnel communicating with the smell
compartment. An upright baffle is soldered to the surface of the
ramp directly opposite the narrow opening. The "Parspex' cover
for the tray is a friction f£it in the rebates so thet it does not
slige out uring.use and 1a nevertheless easily‘removnble for
occasiona®®® dusting of the interior or to take the balls out to
prevont rattling nhen the apparatus is transported long distances.
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_ Both the Mirror case (Plate 3) and the Co-ordination tray
(Plate 4) are spray-painted a dark grey, but it is importent that
there be no small lumps or other irregularities in the paint

surface on the ramp in the latter.

Procedures

Tweegzer Nuts (Plate 5, Upper)

The gmall square pan, with the vertical rod in position
and twenty nuts lying flat ané randomly about its base, is sét
on the table‘within easy reath of the sitting subject. The
observer demonstrates, how, when the signal to start is given,
the nuts must be picked up one. at a time with a pair of tweezers
and slipped over the rod. There are two trials of hal f-a~minute
each, After a trial, the number of nuts placed 6n the red is
recorded and the nuts are dropped back randomly in the pan,
ensuring, however, that they all lie flat.

Tweezer Mirror (Plate 5, Middle)

- The case holding the mirror is set on the table within
easy reach of the sitting subject, so that the mirror faces him,
and the pan with the vertical rod énd nuts is put inside the case
against the upright part of the screen and laterally more or less
at its middle. The subject performs the same task as in the
preceding test, but is now permitted only a mirrored view of his

activity. There are two trials of four minutes each.
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Twoshand Sticks (Platq 5, Lower)

The pan with the verticael rod and nuts is pleced on the
table within easy reach of the sitting subject, end he is
required to transfer one nut at a time to the rod, usiﬁg the two
short sticks, one in either hand. Ko part of the subject's hand
may extend beyond the shoulder of the ferrule st the middle of
 the sticks There sre two trials of tw6 minutes each. '

Steadiness Stick (Plate 6, Upper)

The subject sits upright end stretches out his arm end
hand over the table. The observer then sets the pan and rod on
the table in line with the subject's arw at a distance of half the
measuring stick (74") from hin'fingar tips to the rods. Using the
. Steadiness atick, held in one hand behind the cross-pin, the
subject is required to pick up nuts one at a time with the pin
at the other end and transfer them to the rod. He mey not rost
hie arms or the stick on the table. There are two trials of
three minutes each.

Tray Cowordination (Plate 6, Middle)

The trey, having the ten steel bslls in the large cote
partment, ie held by the subject in both hands mc that the
smaller comﬁartment'is away from him. By’suitable tilting the
bails must be guided carefully up the ramp, past the baffle, snd
through the opening into the small compartment. It is not
permissible to try flipping the balls directly on to the higher
ené of the ramp near the opening. Thers are two trials of four
minutes each. After a trial. the number of balls in the small
compertment is recorded, and this end of the tray is then reised
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and turned over by the observer to roll the balls back into the
large compartment,

Ring Throwing {Plate 6, Lowér)

The subject sits upright end stretchos out his arm ang
hand over the table., The cbserver then puts the pan and rod on
the tsble in line with the subject's arm and at a distance of a.
full measuring stick (15") from his fingerwtips to the rod. The
. mirror case is seﬁ‘up on end about aix inches behind the edge of
the pan so that its bottom faces the subject ond affords a uniform
background and a convenient stop for the thrown rings. {(¥r. Currie
wade this useful suggastion) '

4 bundle of twelve rubber‘rihgs iz given td the subjeat,
who is required. without leaning forward, to throw one ring zt a
time over the rod. Twelve rings constitute a trial, and thore
ere ten trials in &ll. After each, the number of rings correctiy
thrown over the rod is recorded. There is no time limit,

In all the sbove tests, the observer, relying meinly on
mime, demonstrates exactly what the subjects have to do, but does
rot ellow them any preliminary practising. A gongestroke or other
suitable sound signals the beginning snd end of each trial. 1In
the one-~hand teéts. the preferred hand 1s used. In &1l tests,
except the Ring Throwing, subjects ere instructed to work as
quiektly as they can,

Feorn Series Test (Not il]uatrated)

Thie is primarily a test of inductive reasoning abilitv
administerod through a practicsl medium, the instruction be1ng_§z

174



both verbsl explanation and mime. The subject is provided with

a board down the left<hand side of which are shown incomplete
sections of a recurrent pattern of geometrical figures that may
vary in shape (triangle, square or circle), size (large, medium
or smell) snd colour (red, blue or yellow). Hip tbask is to
complete the pattern in each rowvhy adding‘twa pppropriate plastic
figures selected from s quantity rendomly mixed in a tray. The
first five rows are practice items, and the subsequent efghteen,
test items, in which the patterns become progressively more
complicated, There is no time limit, A point is scored for every
{tenerow completod carrectly;' Full details of the test are given
by Grent (2) who developed it. ' |

Application and Results

The tests were sdministered experimentally to African
émployees of both sexes st a newly-started factory for producing
coramiceware, the objects being to investigate: (a) Reliabilitys
{b) Validity for occupational selection; (¢) iIntercorrelatiocns
votween the tests; (&) Relationship to educational level and
intelligence; and (e) Jex, tribsl and age differencos in test
perfornance. o ‘

" The inter-trisl correlations of the six sensory-motor
tosts and the corresponding relisbility coofficients obtained by
the SpearmsneBrown formuls for "split-half" correlation, are given
in Table 1. All the tests appear to have accepteble reliability, -
the worst being Tweezer Nuts, and the best, Ring Throwing.

Tweezer Nute was both the shortest test and the first to be
administered; the novelty of the test situation could have induced

175



tomporamentsl and other extraneous influences. It is noteworthy
that the coefficient for the female group is cenaiderablyAthe _
‘smaller, although on the present restricted samplee the gifferonce
i not statistically significent. Ring Throwing, in addition to
being performed as the lant test in the battery, after subjects
had got well used to the testing situation, was also the longest
with mpny more trials than the others. The reliability of
Tecezer Nuts could probably be improved by increasing the number
of trials to four. | '
Table 2 shows the respective mean scores aﬂd standard
dovistions of the male and female groups, and elso the critical
'bratioa.of the differences between the means.s On educationsl
Lovel snd Form Series (the mental test) the femsle group was
markedly buperior. On Tueezer Nute the male group was elightly
superiéra The pattern of movements in this task bears a certein
rosomblance to those in ueing small hand=tools like pliers and
spanners end the msles might have had the sdvantage of more
previous oxperience at this kind of msnipulation., It is elso
possible t&at the females were more emotionally affected by the
strangeness of the initial test situation. On Tweezer Mirror,
the male group also performed slightly better, but the signifis-
cance of the difference does mot reach the 5% level. Although
this test introduced a perceptual set alien tc that in Tweezer
ﬁuts because of the4fore-and-aft-r;versal of direction in the
reflected image, the motor patterns in both were much the same.

On Two-hand Sticks, Steadiness Stick, Tray Co-ordination
and Ring throwing, there ere no differences in the mean scores.
Az n broad tendency, the male group shows more hetercogeneity
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(reflected by larger 5.D's) on all the variates except Steadiness
Stick, but considered individually most of thege differences
ere not ggnificent, '

Tables 3 and 4 show the intercorrelations between tests
in the male and female groups. In both, Educational Level
correlates with the mental test Form Series, but is negatively
related to Steadiness Stick. The more educated Africans were
those who had the mixed blessing of more contact with Furopean
culture, many aspects of which, markedly im urban areas, tend to
promote neural ond cardio-vascular conditions unfavourable to
Ysteadiness", There is also the likelihood that the less-
educated "tribal® Africens had more experience with the manipulae
tion of a longish stick both as a wespon and a tool.

Form Series ie positively related to Tweezer Eiiror, which,
like conventicnal mirior—tracing tasks, pﬁrtieularly when applied
to young or other wise low-grade subjecte, probably has a moderate
loading of g. Because of the extra dimension involved in Tweezer
Mirror it is a rather more frustrating task than mirror-tracing
on a flat surface. In the intellectually inferior male group,
mental factors would have played s greater part in the mirror
task, and the larger correlation with Form Series is in the
expected direction, slthough, on the present small samples, the
- difference in size between the respective msle and female co-
efficients 45 not statistically significant,

Steadiness Stick correlates with Twoehand Sticks,
Although one requires two hands eand the other, one only, both
taske involve the remote control of objects by “stick" manipulae
tion.
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In the intellectually inferior msle group, Ring Throwing

" and Tray Comordination correlate with Educational Levsl, and Tray
ca~orﬁiaatién sleo with Form Series: In the femsle group, Form
Series is related to Tweezer Nuts, in which the female mean was
lower. The more intelligent females did better at a aensofyw
potor task which was generally rather more Gifficult for females,
whether through lack of previous tool-wielding experience or their
greater sensitivity to the novelty of the teat situation.

In the male group, the moat specific tests were Tweezer
Huts, (mean r, 0.03) snd Ring throwing (mwean r, 0.09); and in the
femnle grou@, Ring Throwing (meesn r, 0.05) and Trey Co-ordination
(woen r, ¢,07). While Tweegaé Nute, at which the males performed
better, shows & high degree of specificity in the male group, in
the female group 1t is the.teSt which showe the widest overlap
with others (meon v, 0.25). 'Among the males, the test showing
" the widect overlap with others is Tweezer Mirror (mean r, 0.30).

" " In both groups, Tray Co-ordinstion is related to only one other

sensoryswotor test: Tweezer Mirror (males), and Tweezer Wuts
(fomsies). o

In the intellectuelly inferior mule group, Fbrm Series
- {the mentsl test) has a nean eofrelation‘of 0s2l with the sensorye
motor teste; in the superiof female group, the corresponding wean
correlation 4s 0.12. This fits in with generol findings that the
lower the‘intellactnél grade of thq subjeets, the more significent
begores the rﬁ;a of intelligence in performing various taske,

In hoth the male ané‘femaie groupss the mean intercorrelodl
tion betweon all thie sensoryemotor tests is of the order of 0,15,
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Validity

To obtain some indication of the usefulness of the teste
for predicting succeass at the factory jobz, the mean test scores
of 25 operatives who reted high accoding to observation of their
manual proficiency on the job, were compared with the means of
25 who rated low. The results are given in Table 5.

Higher educational level is associated with higher jobw
rating at between the 10% and 5% level of significance., On
Steadiness Stick, the group rated low at their jobs performed
better then the cne rated high, the difference being significant
at sbout the 5% level, This sppears to be consistent with the
finding that there wos a negative correlation between Zducational
Level and Steadiness Stick. None of the other tests distinguishes
either way between the job groups.

It should be mentioned that inuch of the testing was done
under very mskeshift conditions before the factory was in produce
tion, and most of the operatives had been at their jobs for only
a short time when the subsequent merit ratinge were carrded ocut.
Howevery none of the tests wao specifically designed to simulate
the functional patterns of any of the factory joﬁé. andy as
Varnon (5, p.103) hasn 6bserved. sesthe notion of dexterity or
handiness as & general factor in manual occupations, which can ke
measured by one or two pegboard, nut and bolt or similar tests,
~ should be discouraged®.
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Tribal Origin

The meens and standard deviations of four iribal groups
and the significance of the differences between means andvhetwean
S5.Ds's are given in Tebles 6 and 7, Tribal classification of the
combined mole and female samples wes according to gemeral
linguistic end cultural affinitys (1) Zulu, Xhosa and Swazhs
(2) Sotho and Tewanaj (3) Pedi end Ndebele; (4) Shangaan,
stnga end Venda. ' '

Nene of the Chi-squared values in Tsble 7 derived by

Bartlett's snalysis for homogeneity of variance (3) 1z as large
ag 7,81, which is necessary for the 5% level of edgnificance with
three degrees of freedom. Hence the differences between the S.D.'s
sre not significant. As none of the F=values in the rightehand

coiumn obtained by en snalysie of variance for homogeneity of .
. means reaches the minimum 2,68 required here, there are no B
significant differences between the means. It would appear,
therefore, that in the present tests the tribal origin of the
subjects had no influence on thedr achievement,

Age Differences

The weans and standard deviations of four age groups,
and the edgnificance of the differences between means and between
8.D.'s are chown in Tables § and 9. A1l subjects, irrespective
of sex or tribal origin, were classified according to age into
the following groups: 1(16 to 20), 2(20 to 25), 3(26 to 35),
and 4{36 to 55). By Bartlettis Chi-squered enalycis for homos
geneity of wvarience, none of the differences between the S.D.%s
(Table 8) reaches the 5% level of significance, as nore of the
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Chiwsquared values (Table 9) is as large as 7.81. The anolysis
of variance for homogereity of means produced the Fevalues in the
rightehand column of Table 9. Iour of thege, which exceed 2.68,
in@icate that there are differences st better than the 5% level
on Edueational Level, Form Series Test, Tweezer Nuts and Tray
Cowprdination. '

with regard to Edﬁcational Level (Table 8), the two
juniar groupe 1 and 2 (which are not simificantly different) are
‘the highest, Group 3 is next, and Group 4 the lowost. The criticel
ratios betwoon means adjncent in size arer 1 and 2, 1.50% 2 and
3¢ 34308 3 snd 4, 2.05. On Form Series, the two Junior Groups 1
and 2 are superior to the two senior Groups 3 and 4, dut the:test
" does not discriminate between Groups 1 end 2 or 3 and b, the
eritical ratios betyeen edjacent means &e&ng 1 and 24 04793 é‘anﬂ
34 2,533 3 and &, 0.52. -

On Tweezer Nuts, Group 1 is inferior to all the atﬁeﬁs;
the critical ratios being, 1 and 2, 2.00§ 2 and 4, C.79} & and 3,
GCudCs Poosible explanations for thiés are: (a) The most
jmmature subjects wefu most adversely affected by the novelty of
the test situation. {(b) The majority of the very.ﬁauugegt were
femnlesy who, baving bad 1little previous experience in manipue
lating handstools would have found this initisl test partd.culariy
vmtrange; On Tray Co~ordinstion, the criticel ratios are as é
fellowss 1 and &, 0.77; 4 eand 3, 0.83; 3 and 2, 1.403 (lvanéjﬁg
1,67) none of which $o significent. However, there is a signifie
e¢ant difference ﬁetwaen Group 1 end Oroup 2, end probably also
between Group 4 and Group 2. It would seem that Group 1 (the
most Junior) end Group 4 (the most senior) did not fare as well
as Group 2. '
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Summary and Conclusions

£11 the sensory-motor tests appear %o be acceptably
reliable. Tweezer Nuts, the initisl ome,y and the chortest,

‘showed the lowest relisbility, snd Ring Throwing, which was

both the longest and the last test, the highest.

Females were superior on Educational Level and Form Series
(Mentsl test), snd msles on Tweezer Nuts (alsmo to a alight
extent on Tweeger Mirror), where previous experdence with
gmall hand-tools might have been an sdvantage.

In both male and female groups, Educational Level correlated
prositively with Form Series and regatively with Stesdiness
Sticks The more educated Africans were possibly less

_ familisr with & stick as e tool, or just less Eteaéy because
. of closer association with certain encrvating influences in

Furopean culture. Form Series related to Tweezer Mirror,
probably because of aﬁ overlep of g. Steadiness ! Stick an&
Twowhand Sticks correlsted. Ring Throwing was & rather
apeeific test. For either males or females, the miosn

interccrrelation between all the ﬁensory-matar tests was of

the order of 0.15.

In the less 1n€elligent male group, Tweezer Mirror showed
the largest overlap with other sensoxry-motor tests (mean ry
0a3C)e Form series (mental test) correlated with Tray
Cowordinstion and gove a mean correlation of O.24 with the
sengory-zotor. tests. In the female group, Tweezer luts
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?

showed the largest overlap with other sensory~motor tests
(mean r, 0,25) ané correlated 0,30 with Forw Series (mental
test)s In this more intelligent group, Form Serdes guve a
meen correlation of 0,12 with the sensory-motor tests,

Youngor subjects tended to have a higher e&uéaﬁional level
and aiso to perform better at Form Serles, The v@rﬁ young -
ones, who were mainly females, fuered the worst at Tweezer
Nuts, (the initisl sensory-motor test)s On Tray Co=

-ordination the most junior group, and to a lasser extent,

the most senior, scored less than an intermediste group.

The tests, which were not specifically designed to simulate o
any of the manual occupations in & factory producing
ceramiceware, showed no validity with o criterion of merit

. petings in these oecupationa.‘

The simple design of mirror and case described here can be

uead in conjunction with various other small manual aotivie
ties, including conventional mirroredrawing on poper shests.
Twowhend Sticka iz perticularly interesting when perforsed
by mirror view, but because of its difficulty this gconmbinne
tion uns not applied in the present study,.
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TABLE 1

vInter-trial correlations end reliability coeffiocients
of Sensory-motor tests

(Decimal points cmitted)

| ¥
‘ ‘ ; F ‘ Sombe 1
Sensory-motor Tests Meles 55 | Females 58 onmb 113

r| Rel. r | Rel. r | Rel.
Tweezer Nuts | 60| 75 | 42| 59 59 | 74
Twsezer Mirror 65| 79 % 64 78 65 | 79
Two-hand Sticks | e 78 | e| m | 66|80
Steadiness Stick 82 90 | 75| 86 8 | 9
Tray Co-ordination 63| 7 70| 82 70 | 82
Ring Throwing 86| 92 8| o1 | 90|95
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. TABLE 2

Heans and standerd deviations of male m:'a_’r.mxe mubjweé

. f '

Meles N = 63

EM«;&-&&

Mean | 5.0,

. }m to 3 'a

8.0,

|

CoRe
pigg.

fdveational level

| Forn Sertos Test

| Tweezer Huts

| Tweezer Mirrer
Twoehand Sticks
| Steadiness ﬁ‘tmk-

: Pray Gwor&imﬂoﬁ
Ring Throwing

2,56 | 2.82
7470 | 5428
2248 | .08
846 | 6.84
1346 | 7,34

Aagh | 6

80,84 18,84

A.??,

12403
19,98

618
12,13
1694

11.08 .

Bk 466

179

3483

8 _;?6
6438
710 |

9453

6403
18,04

3
{

|

| Se27 |

526
2,35 |

1493

1.0%
1.09

- 0479
1.6
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TABLE 3

Intorcorrelations between tests ofi Male group N e 63 -

(Decimal points omitted)

Tasts | - 1 2 3 b 5 6 ?
1 Edue. Level
2 Form Series 33
3 Tweezer Nuts 07 | 09
L Tweegzer Mirror 06 | 4b6d Ob
5 Twowhand Sticks | A1 | 22 |-07 | 48s
6 Stead, Stick -2ks |12 | 21| 328| 3be
7 Tray Co-ord. 338 308 22 | 37s| 14 [~05
8 Ring Throw. 278 22 |26 | 278! 278 1k | O2

Hean r's of Sensory-motor ’ i
- tests 03 | 30s| 238! 19s| 14s

"g' implies significence at the 5% level or better:
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TABLE &

Intercorrelations between tests on Female group N = 62

(Decimal points omitted)

Tests 1] 2 3 |Mi5 (6 17 (8
1 Educ. Level

2 Fora Series 528

3 Tweezer Nuts 12 | s

4 Tweeser Mirror | 09 | 29s | 32»

S fTwo-Hand Sticks| 08 | 01 | 33s |13

6 Stead. Stick |-26sj-02 | 27s |06 |3Bs

?7 Tray Co-ord. <061 11 e |12 p0O6 (=02
. 8 Ring Trow «05{ 03 | O1 {12 RO2 | 12 |00

Mean r's of Sensory- .
motor tests 25s 15* 158 16-i 07 {05

ng" {mplies aignificance at the S% level or better
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TABLE %

Means and standard deviations of low-rated and

high-rated groups of factory operatives.

Low N = 25 High N = 25 C.R. of

Testa Mean  S.D. | Meam | S.0. | pboite
Educational Level| 3.00 2.55 ho32 2.36 1.90
Form Series Test | 10.6h 5.03 11.56 L.64 0.67
Tweezer Nuts 22.84 | 4.65 | 23.00 | 7.53 0.09

Tweozer Mirror 706“ 6.92 80}2 6082 0035

Two-hand Sticks | 13.40 | 8.15 | 10.96 | 6.33 1.18
Steadiness Stick | 17.60 [11.44 | 12,16 | 7.39 2,00
Tray Co-ordinatioh 13.48 | 5.49 | 11.80 | 6.14 1.02
Ring Throwing 85.20 |17.97 | 78.96 | 1768 | 0.84
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TABLE 6
* Means and Standard deviations of four tridal groups

1. R =15 2. N =l 3. N= 40 | 4, N =28
Shangasn,
SO Bt el el o
Venda,
Mean S.De | Mean | S.D. Mean | S.D.{ MHean|] 5.D.
Education Level 3.69 3.09 3.881 2.47 ] 3.95 | 2.62] 2.96] 2.38
Form Series Test 8.75 | 5485 | 10,90 &.7% [10.43 | 5.00| 8.6%) 5.07
Tweezer Nuts 19.80 | 4.55 | 21.51] 5.51 | 20.98 | 6:41] 21.75| 6.98
Tweezer Mirror S5¢33 | 5.98 | 7.95) 7.7 | 8.0 6.69 6.14 | 5.18
Two-hand Sticks b7 | S.01 | 13,20} 7.81 [12.93 | 7.34] 13.57 | 7.02
Steadiness Stick 11.53 | 8.12 | 15.81} 9.08 {16.60 | 9.41] 18.04| 9.20
Tray Co-ordination [10.60 | 6.63 | 11.76 | 6.09 {12.58 | 6.00] 9.96| 5.78
Ring Throwing 77.80 | 2ke07 | 84.32 |17.27 [83.18 [17.68! 83.32| 18.23




TABLE 7

Significance of the differences botween the

means and S.D.'s of the tribal groups

Teats chui;d Value
Educational lLevel 1,59 1.05
Form Series Test 1.02 1.54 f
Tweezer Nuts 397 2452
Tweeser Hirror 5404 1.0
Two=hand Sticks 3450 l.22
Steadiness Stick 042 1.73
Tray Co=ordination 0436 1.15
Ring Throwing 2.8 | 0.7

191



c6l

TABLE 8

Heans and Standard deviations of four age groups

l« N=21) 2, H=57 |3 Ne3? | 4, NelO
16 to 20 to 26 to 36 to

Test 20 yrs. 25 yrs. 35 yrs. 55 yre.

Mean | S.D, |Hean | S.D. | Mean} 5.D. | Mean | S.D.
Educational Level | 5.10 | 1.84 | b.35] 2.27| 2.58| 2.7 1.10] 1.79
Form Series Test  [11.71 | 3.84 {10.93] 4.73| 8.16] 5.58| 7.20| s5.07
Tweezer Nuts 18.28 | 5.52 |21.19] 6.43(22.68| 5.58 | 22.50| 4.48
Tweezer Mirror 6.67| 6.98 | 7.51| 6.59] 7.32] 7.17| 7.70| 5.52
Two-hand Sticks 12.86 | 7.00 [12.67] 7.42{13.43| 7.75(11.10] 4.68
Steadiness Stick  [11.76 | 7.92 [17.23] 9.47|16.24| 8.47|17.40] 10.83
Tray Co-ordination | 8.48| 6.01 |13.07| 5.82]11.27{ 6.29| 9.90| 4.10
Ring Throwing 83.48 | 15.51 | 85.49] 19.07]79.00] 18.77 | 79.30] 19.35




- TABLE 9

' Simfuanea of the differcnces betwsen the

means and 5‘!).;'6. of tho' sge groups

- e
Fduoational Level | swr | 108,
VF.émn Series Test 340 'l’i».lij;s
Twoezer Nate - | 2,36 2469,
Tweezer Mirror | | 4_1.6‘1 0.09
Two-fiand Sticke . ;5.01"' | 0428
Steadiness Stick 1.8 | 197
Tray Go-orﬂimtion , | | 2-31 | 3.460
n.mg Throwing | R 1406

"g" implies significance at the 5% level or better
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PLATE I. PAN, ROD AND TWEEZERS.
{
A .

"Pan with detachable Galvanised-iron

upright rod ar middle " sheet 20 g.

h
Brass bush
' sweated

)

Also reqd,

20 Hex. brass / Sides bent up
nuts 2 B.A, -

Rod _ Meeemmaans \ " Tweezers (stainless)
Stainless steel ' T """ﬂ"
9 ..

= diam,
64

B I

DRDW
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PLATE 2 STICKS AND RINGS.
------------ A3 Rubper rings B SRR
1
3 1ai
_16 <—2dlam.
| Pin.
Stainless
steel
9 diam. -
64 e
, 7 .
Dowel ) ‘
rod
1a4; 1a;
2 diam. ~diam.
2 4
‘—.—awl
T’ A Markf—--- 15
3 .
=diam
3 7 |
4 1 :
' 5—{1 a9
1 1
1. L1 2 2
&4 e
<2 2> Cross-pin
-7(--= 2::62 dldm
: S.S.
LLDYLLLY
Two-hand Sticks
2 Reqd.
5 ' g N S SO
. Measuring Stick
l<—— Birch Dowel rod
V.....¥Y.....LJeSteadiness Stick

DRODW
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PLATE 3. MIRROR AND CASE,

Mirror-sheath

Tin-plare-—
/“.

.
-
S

26 g.

e
-

Galvanised- ~
iron sheet

20 g.___/

L

1
. Edge 48
bent to
1 back 4
52 8 Ly

—— 8 \_Cur

/ﬁl’/‘ ’

‘ I4 }
N N Foid under 1
- DROW
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PLATE 4. CO-ORDINATION TRAY,

Tunnel openinp Cother side also)
X

Q&

Tin-plate

26 4.

All joints
soft soldered

Also reqd. 10 Steel balis g diam.
F S FTSrTIITrTToTIITeITIIo
End
\ Flush with
bottom o
- ‘ll Sliding
5 f%’? 1‘ : Pcover :
13 1. S I T ool | |Perspex
7 el a 3 EHz : sheet
- 2y
4 | B :
. y 1 3
s J
78 -
v...| ' e -
H : o] : H

DRDW
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PLATE 5
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PLATE 6




ASSEMBLY AND SuNGORY-MOTOR  TALSTS
FOi  aF/1CAH  MINE WwORK_RS

Largely as a result of the muccess achieved in the
application of aptitude tests in various military and industrial
spheres during the last war, the South African gold-mining indus~
try became interested in the possibility of utilizing similar
procedures for the selection and classification of their african
labour, and in due course the N.l1.P.R. was coamissioned to under~
take preliminary investigations on one of the mines.

It was soon realized that, firstly, because of the
cultural heterogeneity of the subjects and the wide prevalence
of illiteracy, all tests would have to be of a practical nature;
secondly, most of these would have to be epecially deviged as
few of the standard laboratory and industrial tests available
were renlly suitable for African use; and thirdly, come tests
would have to fulfil a "general-purpose" acreening function and
others be more specific for jobas like those of the loco- or
vinch~driver.

Among various apparatus tests, both "general-purpose”
and "apecific", which were cpecially devised with a view to
suitability for both the subjects and the occupetions, were the
following: Tripod-and-weight Assembly (Model B); Objoct-
sorting; "Three~dimensional" Fég-board; Code~signal amd
Reacticn; and Dynamic Coincident Reaction.
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TRIPOD=AND=WEIGKT ASLEMBLY, (mf EL B)

This unit cambodies en spplication of one of the oldest
mechanical prisciples known to zon - the stable structure on
throe sloping legs cspable of supporting & woight such as a cooke

 ingepot or 2 lump of mest. Stability depends on the rigidity of
the legs, ndequate gspecing of the feet, and some suitable cheek
pgeinat the tendency of the feet to siide spart. Such & struce
ture being common in meny cultures past and present, seemed
promiging for a test which ghould preferably be as “culture«free"
ag posaible.

%he Tripoﬁ-mnd-ueight hssemhly (Model B} is & simpler
and more rugged version of ap earlier medel which formed part of
® mechahicml ingight battery intended for wec on sabjects mther
more mophisticated then African mine workers.

As ghown in the lower figure, recesses in & wooden block
acoccumodate gighteen metal components and ensure a stendard

'ar?angaaent of presentation. The components comsiét_ef throe
legs eix inches long made from rectenguler bar (3" x 4"), each
having & hook sevepeeightha from the lower extremity end & hole
(%/16“ dinm.) at the upper: a tripod=hemd of 13" dimm. x $' atock
shaped to form thrwe‘equidiataat forks apd having'a hoak:fixe& in
its caatre; a cylindricsl weight 27 ; 1?716" dlam. fitted with &
hook of /8" diam. rod ot the centre of one enﬁ, a r&ngﬂié"
Couteide ddameter (1/8“ diem. rod); oix lim (/8” long) of ordie
nary bedstead ohain {wire approxisately /16“ diome); three |
cheese-hoaded No. 2 B.A. screws seveneeightho of en inch long,
end thiee lo. 2 B.As hoxagon aute.
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PROCEDURE

The block holding the metal components is set before
the subject and he is required to produce the assembled stfuc-
ture shown in the upper figure. Before the first trial prac-
ticel instruction is given either through the medium of mime
end a demonstration sample, or a movie film. The subject scores
a point for every correct connection of parts made within a time
limit of three minutes. After the first trial has been comple~
ted and scored, the observer dismantles what hae been assembled
end replaces the loose parts in their recesses in the block.

The subject is then shown either a completed sample or & projed-
ted illustration of such, for twenty seconds, and proceeds with
the second trial, which lasts for two minutes. After scoring
and replacing the parts in the block, the completed sample (or
illustration of same) is shown for ten seconds and he then does
the third trial, also of two minutes duration. When the number
of subjects being teasted simultanecusly is large, demonstration
by optical projection is preferadle to the use of mime and a
physical semple.

OBJECT SORTING

This apparatus-test is another exemple of a point made
in the introductory chapter to the effec} that quite ordinary
copmercial asrticles con sometimes have useful applications for
research purposes.

It consists of & wooden tray twelve inches sguare and
one and throe querters deep, divided up into sixteen equal com=-
partoentas; a flat oven-pan about nine inches square and one
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deep; and an assortment of emall hardware compricing two sizes
of nails, five sizes or types of wood-screws, one type of roofing
bolt, three sizes or types of rivets, three sizes of washers,
and two types of nuts.

bach compartment in the wooden tray is "labelled" by
having an actual sample of each item fixed to its bottom. For
sorting, there are five samples of each item randomly mixed in

the pan.

PROCEDURE

The apparatus is set before the subject as shown in
the upper figure and he must sort the items from the pan into
their appropriste tray compartments, as in the lower figure.
Instruction is given by actual demonstration, or & movie film,
if the group is large.

The first trel lasts for two and a half minutes, and
the subject's score ie the number of items correctly sorted.
There is no deduction for items incorrectly sorted; they are
simply ignored. All items in the tray compértments are then
put back randomly in the pan, and without any further instruc-
tion the subject proceeds to do the second trial, which lasts
for one and a half minutes and is scored in the some way.

An improveﬁcnt suggested by Dr, Hudson became stan-
dard practice on all the later batchea of the apparatus. Thia
was the replacement of the oven-pan by a wooden tray similar
in external format to the one with compartments, but without
compartments, At the end of a trial this "blank" tray is
placed edge to edge cover the cther, and by turning them upside-
down the items are guickly transferred from the latter to the

former, where, after being shaken to mix them up well, they are
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ready to be sorted again. The convenience of this system, par-
ticularly when many sets of the test are being administered to
a group, more than justifies the cost of the additional tray.

"THREE-DIMENSIORAL" PrG-BOARD,

loat form- and peg-board teats impose a two~dimen~
sional task ir that the subject has to consider the length and
breadth of ohjects and receases, But material reality is not
"Flatland", however ingeniously it may be represented as such,
The ubiquitous third dimension must constantly be taken into
account, not only in a specialized human activity like the con~
struction of a machine, but in the myriad activities of all
organiams in relation to their physical environment.

The "Three-dimenazional" Peg«~board provides a test
that 18 really a transition between conventional form- and
peg-boards and sctusl mechanical-assembly models. As in the
latter class, the three criteria of length, breadth, and height
must be conformed to, but there is no catenary relaticnship
between the various parts like that in a dynamic mechanism such
as an ecngine or an immobile entity such as a bridge.

The apparatus (Plate 1) consists of a board (93" x 8")
with receeses, thirty special pegs, each of which is desmigned
to fit a particular recess, and a tray for presenting the pegs
to the subjects in a standsrd manner.

As shown in Plate 2, the boerd is a composite struc-
ture of two one-sixteenth brass plates with a half-inch bakelite
section in between, Ten of the receasses extend all the way
through; four have baffle~pins projecting up from the lower
sdheet, one of thess being located asymmetrically; one has a
transverse asymmetrical baffle-pin the end of which shows as a
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‘round dot on the edge of the bakelite near the left front corner.
The small grouped recesses in which double- or triple-ended
pegs fit, extend only & certain distance into the bakelite,
The remaining recesses, going as far down as the lower plate,
are without baffles. »

Details of the brass pegs will be apparent in Plate 3,
A peg with shouldere is intended for » recoss open at the bottom;
ir a closed recess of the same size it will stand proud; wheress
a peg without shoulders will fall through an open receés. A
peg with a cavity will fit an unobstructed recess, but the sub-
ject will then £ind that he is left with a similar peg without
a cavity which stands proud in the corresponding recess with
the baffle, In the two recesses having asymmetrical bafiles,
‘the pegs will only fit one wsy, and the same holds for three of
the pegs with rectanguler ends and sll six of the pegs with more
then one end-piece, shown in the top row in Plate 3.

PROCEDURE

The upper figure in Plate 1 shows the test as it is
presented to the subject, who is reguired to place the pegs in
their proper recesses as quickly as possible and ensure that all
tops sre at the same level above the surface of the board. In-
struction may be by actual demonstration or a movie film, The
subject works for & continuous period of ten minutes and his
score is the number of pegs correctly placed.:
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 CODESIGNAL _REACTION

A very easenﬁi&l branch of under-ground aéﬁiviﬁy 1n:
-gol&-mining 1z the operstion of winch-driven scraperé,to remove
‘the broken materisl from the working face and'dump’it at conven-
ient localities near the end of the stope from which it can be
lozded on to the coco-pans. The seraper is attached to a atecl
cable that ie wound by the drum of a stationary winch through
pulleym anchored at suitable points,

Pre~arranged eode—signals sent from either the working
face or the dumping station to 2 bell or light near the winch
' 1ndicate to the operator that he must set the winch moving or
atop'itrfer special purposes, including emergencies. Promptness
and pfeciaion in interpreting the eignals and reacting on the
'controla is desirable, not cnly for efficient working, but also
to avoid accidents,

The following apparatus was congtructed to measure
choice-reaction to signale given in an clementary code. _

As shown in the illustration, a wooden chagsis has
four finger-keys mounted at one end for the observer, snd three
for the subject at the other. Opposite the obaserver's keys a
flat metal frame open at one edge holds & list of the stimuli
to be precented, which is proteatéd by a sheet of celluloid.
At the lower edge of the list, numbers from one to four are
Viocatedvoppoaite their respective keys. 4 parrow frame of
sioilar conatruction holds a strip with three codesmarks, each
in line with one of the subject's keys; the first being one
small dot and a large, the second being two amall and a large, .
the third, three amall and a large.
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A vertical soreen st the middle of the chassis preveats
the subject from seeing a "Standard" clock calibrated in seconds
and hundredths, a reset counter, two toggle-switches, and the
movements of the cobserver in operating either the controls here
or the stimulus~-keys. The poreen is atrong and rigidly sounted
in between the sides of the chassis to provide adequete support
for the counter. One toggle-~switch controls the main power,
and the other has two settings, labelled respectively "Light"
and "Bugger”, On the subject's side of the screen there is a
panel-lamp in the top of the chassis,

The apparatus works off 230/250 volts A.C., but a small
transformer inside steps this down to & safe s&ix volts for the
exposed key-circuits. The flex from the main supply is connec-
ted to the case at a junction-block delow the front of the clock.

PROCEDURE

Test Series A consists of presentations that are entire-
ly auditory. Having put on the "Main" switch, turned the other
on to "Buzzer'", and set the clock and counter to zero, the obe-
server refers $o the first item on his list, which reads "113",
This means thet two decided teps must be given on the code-key
{oumber cne) followed by a sustained depreasian of key number
three, producing two short sounds and a lonsApuzzer. . A8 poon
as key number three 1s depressed, the clock starts recording,
and stops when the subject responde or the correct key for the
asignel given, which in this instance, would be his middle key.

A reaction on any key registers as one unit of the cournter, but
it must be on the correct key to stop the c¢lock.
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The observer either resets the clock and counter to
zero after noting the reazdings, or leaves the readings up if
the subjoct's average ocore for say ten trismls 1e& required, and
proceeds to administer the next stimulus, which on the present
list, is "12". Hence, one tap on the code-key (nusber one) is
followed by suatained depresaion of key number two, which pro-
duces a short and s long sound, and the correct key for the sub-
ject's reaction is that on the right, Yhen the stimulue is
Y1114", a5 in the fourth presentation, three rhythmic taps on the
code-key precede the depression of key number four, and the sub-
ject must resct on his left key to atop the clocke Theobeerver
maintains a uniform interval of about three quarters of a second
between all the components of the stisulus, which is not diffi.
cult to achieve with a little practice.

In test Series B, the procedure is the seme ag for A,
except that the toggleeswitch under the counter is set over to
the position marked "Light'", and the last component of each
stimulus is signalled by the panel-lamp coming on instead of a
long sound on the buzzer., Subjects muat resct as they did in
Seriez A, the large dot in each code~mark representing the light,
Ten triels are given in Series A (Auditory) and ten in Series B
{visual).

DYNAMIC COINCIDERT REACTION

Usually the iinch-operator has no direct view of the
scraper when it approaches the working face or the dumping
station, and in either case he has to rely on & painted mark
or a piece of rag on the cable. Vhen this {ndicator is in line
with a fixed mark he knows that the ecraper has reached its
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the risk of the insets being touched accidentally when the elec-
tric power is on. The cowl can easily be clid out for occasional
cleaning of the insets. (Plate 2, lower figure).

The reaction unit (Plates 1, 3, and 4) is a wooden case
housing a counter, lamp-and-socket, control-switch, and specially
constructed reaction-~key., it the rear end of the csse there is
a junction~block for connecting the cord from the zain supply,
and s socket for the plug on the stimulue unit. The counter
protrudes sufficiently through the top to wake ite reset-knob
accessible, and a translucent window of ground Perspex is located
directly cver the forty-watt lamp. As the apparatus works
entirely off 230/250 volts A.C., adequate enclosure of the con=
ponents is necessary for safe operation.

Details of the special reaction-key are apparent in
Flate 4. A lever of three-sighths sguare brass bar pivots
vertically between two short uprights of one-inch angle-iron
screwed to a bakelite base, At the front end of the lever, a
ssall round insulator of bakelite is fitted, and below thim, on
the base, there is a rubber buffer. The rear end of the lever
carries the round bakelite finger-plece, and a sloping leathere
covered block of brass fixed to the base below, limits the down-
ward traverse.

Two upright brass pillars, each made up of three separ-
ate sections bored through centrally, are mounted on the base in
line with the round insulator at the front end of the lever. A
pair of steel cross-pieces have their ends interposed between
the sections of the pillars, and the tops of the upper sections
are bridged by e bakelite cross-plece. A steel rod inside each
pillar has threaded ends for nuts that clamp the structure firmly
to the base. The two steel cross-pleces are drilled in the
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niddle and function as guides for a vertical weighted plunger
rounded at the lover end whore it bears on the insulator at the
end of the lever, and faced at the upper end with & relay-
contact stud sweated on with soft solder. Another contact stud,
attached to its flat spring, is supported directly over the
first by having the spring clamped between the lower part of a
screw-terminal and the bakelite crosc-plece and bent overin a
suitable bow. A screw and washer on the plunger-weight provide
the connection for & light flexible "pig-tail’”; the other con-
nection being at the screw-terminal on the bekelite cross-piece.
(Plate 3, lower figure). DBetween the top of the weight snd the
upper steel creoss-plece, a pad of soft leather is interposed to
act as 1 shock-absorber.

The main purboae of thie special reaction-key is to
ensure that contact between the points ie never more than
momentsary. vhen a quick, positive reaction is made on it, the
"flying' plunger rises off the bakelite insulator, makes conotact
with the spring-section, and then breaks contact by fallinmg back
on the insulator. Ho contact occurs if the key is depressed
slowly, nor can any be maintained by keeping it at the "down"
position shown in the right figure in Plate 4.

PROCEDURE

The two units are arranged before the subject as shown
in Plate 1, and the elevation of the rail is set at the lowest
graduation with the rod in the bottom hole of the fork. Steel
balle, nine sixteenths of an inch in diameter, are placed one
at a tipe by the observer at the raised end of the channel and
allowed to roll down. The subject must snap down the key so

211



as to make contact while the ball is in line with a red mark
directly opposite the brass insets in the channel, If he suc-
ceeds in doing this, there is a flash of light at the window and
the counter registers one unit. Vhen he has done five trials,
the reading is taken, the counter reget to zero, the elevation

of the rail set at the next hole in the fork, and onother similar
series performed. The procedure is repeated in this way up the
scale. A8 the slope of the channel steopens, the balls travel

faster and correct reaction becomes more difficult.

APPLICATION 1.

The Object Sorting Test, Tripod-and-weight (iodel B),
and Three-dimensional Pep-board were administered under the
supervision of Hudsen (5) to african euployees on a .itwaters-
rand gold mine., Other testa included in the battery were Cube
Construction, Formboards, Jcrewssand-puts Assembly, and Letter-
and-pumeral Sorting. |

The Cube Construction test consisted of twenty-seven
one=inch wooden cubes, one being plain and the rest painted red
on one, two or three sides; and four rectangular wooden blocks
of different sizes painted red all over. The subject's task
was to arrange loose cubes to form an "all-red" replica of each
blocke.

Formboards were of the Ferguson type, requiring the
fitting of blocks of various geometrical profile into their
proper recesses in boards. The test comprised four cets graded
in order of difficulty.

In Screws~and=-nuts Assembly, the subject had to match
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screws of different diameter and thread-pitch with their appro-
priate nuts. '

Letter-and-numeral Sorting consisted of uniform metal
discs stamped with letters and numerals, either singly or in
combination, and a compartmented tray identical in size and con~
etruction to that used in OCbject Sorting, the same principle
being applied of mounting an actual semple stimulus in each cow-
partment. Further details of the test will be found in the re-
levent N.I.F.R. publicationa (1, 7).

As the tribsl origins of the subjects varied considers-
bly, standard verbal instructions could not be given, and all
the tests werc administered instead through the medium of miwme.
Later a system of demonatration by means of s silent movie film
wag developed.

Using Sichel's (9) minimum reliability formula, which
gives a very conservative eatimate, inter-trisl reliability
coefficents (Table 1) were computed for all the teets except
Serews-and~-nuts And Three-dimensionsl Peg-board, where only one
continvous trisl wee given snd it was impracéticeble to do a re-
test, The lowest coefficient is that for Formboards, which is,
however, ctill acceptable.

The jobs undergfound in the mine had been mnalysed by
Budeon (5) and others and finally classified into:

(1) Non~mechenical; (2) Mechanical; and (3) Supervisory.
Non-mechsnical work was of the unskilled labouring kind, some=
times requiring an understanding of certain simple, specific
techniques, but mailnly dependent on phynilcal stamina and gross
bodily co-ordination. Mechanicel work involved the semi~
gkilled activities of amsembling pipe~fittings snd other simple
components or operating simple power units like winches or small
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locomotives. Superviaion of the workere in the Non~mechanical
end Mechanical groups required not only gualities of leadersﬁip
but alsc knowledge and practical competence in both branches.

Tebles 2 and 3 give the means and S.D.'s of samples in
the respective categories on each of the tests, and Table 4, the
gignificance of the differences hetween the means., There is a
general tendency (Table 2) for the Supervisory group to scere
the highest and the Hon-mechenical group, the lowest, As shown
in Table 4, the differences between the means of the three cate-
gories on Cube Construction are not significant, but'thin nay
have resulted because the 'HMechanical' sample used in this test
was too small to be relisble,

Tripode-and-weight Assembly distinguishes significantly
between the Nonemechanical and Mechanieal categéries. but not
between the Mechanical and Supervisory. On all the other tests
the differences between the means are significant. Referring
to the last two columns in Teble 4, it will be seen that when the
Supervisory and Mechenical categories are combined, all the testse,
including Cube Construction snd Tripod-and-welght, distinguish
very significantly between these and the Nom-mechanical category.

A comparison of the relative mean performances of sub-
jects from various African tribes by Gouwa (4) revealed that on
all the teste exgept Cube Conatruction there were significant
differences. Tribes from Mocambique and the Cape Frovince tended
to be superior to those from ;ther South African areas and the
Tropics. No significant difference was found between any of
the tribes in their performance on Cube Construction. Hudson
(5, p.85) propomses that "the capacity for three-dimensional
thinking involved in this test is universzally undeveloped among
African tribea",
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No significant relationship was found between the ages
of the subjects, which ranged from below twenty to over forty-
five years, and‘their performance on any of the tests.

Most of the subjects (67.3%) had no echolastic educa-
tion, and of the rest, only 17% got further than Standerd 1l.
Although a primery consideration in devising the tests had been
to make them as "culture-free! as possible, it seemed iikely
that subjects with more educational experience and hence closer
contact with Luropean culture would have some advantage in test
performance. The graphs of Biesheuvel et al (1) indicate that
education definitely exercises cuch an influence. This was most
marked in Letter-and-numeral Sorting where familiarity with the
syambols grestly faciliteted their identification, and also sige
nificant in Object Sorting. Formbaards.'and Three~dimensionsl
Peg=board, which require an appreciation of various geometrical
formo and relationshipc that are more characteristic of Luropean
than African culture, LEduention played a less significant part
in Cube Construction, Scerews-and-nuts, and Tripod Assembly, but
the curves for these tests also showed a general upward trond.
Biesheuvel (1, p.82) expresses the view that: "The tests remain
prizarily measures of potential ability, the level of perfor-'
mance being enhanced, but not determined by the rudimentary
achooling which a few mince natives have received."

To investigate the possible effect of mining experience
on test scores, the subjects were divided into ten groups accor-
ding to theilr length of service and graphs plotted for the res-
pective group means and fiduciary limits. (Biesheuvel, 1).

On Letter-and«numeral Sorting there was a slight but
significant upward trend in the first three groups only, probably
because it is during the earlier stages of mining experience that
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the illiterate men learn to identify lettersz and numerals, which‘
is necesassry for understﬂnding; among other things, the implica-~
tion of printed direction and warning signs.

On Screwsesnd-nuts there was o very significant upward
trend. This was the only test in the battery having a feirly
specific reletionship to activity in the job situation and it is
likely that the amount of preceding vocational practice at manipu-
lating different types ond sizes of screw-threads markedly affec-
ted achievement on the test.

' Perforzance at Object Sorting, Tripodeand-weipht, Cube
Construction and Three-dimensional Peg-board was not influenced
by the length of previous mining experience. Although, in
Object Sorting, it could be expected that subjects with longer
experience at working with different kinds of “hardware' would do
better, this does not cceur, probebly because the test requires
finer and more varied discriminations than are ususlly necessary
or the job. |

In & test designed to meagure inherent ability, it is
obviously undesiradble if specific knowledge and experience play
en important part in determining the subject's level of perfor-
mance, Although Screws~and-nuts was found to differentiate so
well between the Supervisory, Mechanical, and Nonemechenicsl
groups, it wae therefore decided not to include the scorea for
selection purposes, but to sdminister this test only as an
initihl "buffer” to make the subjects familiar with the general
teating aituation. ’

APPLICATION 2,

With the object of investigating validity for the
selection of mechanical operatives, particulsrly winchedrivers,
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the following temts wers edministered to African sime workers by
Kkole (6) ond other members of ea H.1.P.H. tesm: (1) Objeot
Su?timg; {2) Letter~sndenumeral nart&ng; (3) Cube Construction;
(4} Tripod-andeweights {5) Pursult {Two-hnnd); (6) Two-hund
Co~ordination (Moede type) Time Score; (7) Two<hand Co~ordina-
tion (Moede type) Error Score; (&) Dynemic Coineident Resctions
(9) Code=signnl Remction (Light); (10) Cede-signsl Reaction
'(ﬁoﬁn&); (11) Variable Co-ordination (Time); (12} Variable
Cowordination (Error); (13} Dyramic anticipatory Resction.

The Purzuit (Two-hand) test was besically the sene ag
the “Gari Heinrich" model uaed by the U.S.Army air Forces in the
last war. & rotsting disc earried 8 small target-stud which
the ﬁﬁbjﬁet had o keep in contaet with‘a pointer Ly terning the
handles on & pair of orthogonal lesdwscrews., In the Two-hand
Cowardination Test (Hoede type), & simdlarly arranged peir of
 lead-screws controlled a platform cﬁrryim@ 2. card with & printed
track under a stationary pencil. In Dynamic. Anticipatory Reac-
tien, a smnll trolley drswn by & string and falling weight along
roils had to be‘breught to rest at a given point on the rails by
applying o breke to the string at a puitable atage ia advance to
allew for the averrun through inortia.

. The reliability ané v&lidity coaf!icianta obtained with
the testes ere shown in Teble 5. Dynemic ﬁaticipﬂtory fezction
chowed no r@latianaﬁip to the eriterion, suggesting that the
‘aatiuipatary kind azspaactien‘im not importent in mine winch=
driving where tha fairly Low«sﬁeeﬁ and exceesive total friction
in the syoteam gréatiy’r&str&cta overrenning through sechaniesl
irertia. On the other hand, Dynemic Coincident Resction, which
hes & cleoser behavioureal affinity with the actusl winchedriving
task in that a recction is made whon & moving indicator is more
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or less directly in line with a stationary reference point, gave
a coefficient of 0.45, |

Vith the exception of Dynamic Anticipatory Reaction and
the "Time" measure on Variable Co-ordination, the validity co=-
efficients of all the tests are significant at better than the
0.001 level., ©Of the three Co-ordination tests, namely, vaeriable
Co-ordination, Two-hand (Moede type), and Pursuit (Two-hand), the
latter showed the most substantial relation to the criterion,
possibly becuuse response to the moving atimulus involved an
element of compulsion that helped to sustain attention and motiva-
tion.

On the two self-paced co-ordination tests, namely, Twoe
hand (Hoede type) and Vorimble Co-ordination (combined hand and
foot), accuracy of performance is more closely related to the
vinch-driving criterion than speed. Object Sorting, requiring
the recognition of three~-dimensionnl mechanical items has a rather
higher validity for winch=-driving than Lotteg—nnd-numeral Sorting,
which is loamded with a literacy factor that does not enter into
the criterion.

It is curious that an assembly task like Tripod-and=-
weight should have produced the largest coefficient. wsvidently
ap appreciation of simple mechanical relationships, combined with
adeguate "g", is even more important for success in winchedriving
than the ability to react precisely or co-ordinate well with the
liobs,.

The intercorrelations cbtained between the ten more
valid test measures are given in Table 6. Those lorger than
0.25 surpass the 0,001 level of significance. The most substan-
tial are: 0.63 between the two Sorting Teats; O.61 between
Code~signal Reaction to a light and to & soundj; and 0.60 between
Cube Construction and Tripod Assembly.
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In the two Sorting Tests, the sensory-motor processes
are practicslly identical, ss the distence traversed by the hand
betwenn traye snd compertaents sre sbout the sagme, and both the
inseribed diecs in the one test and the miscellanccus ftous of
hardwars in the other can bve handled confortably, there bLeing no
neceasity to fuuble with extremely smsll or flat objects affor-
ding 1ittle purchase to the fingers., The recognit&en of the
atimulus~pieces in both tests dopends on visusl perception, and
the main difference is that in the one set the configurations are
two-diﬁensional, and in the other, three-dimensional.

_ Ae Codewsignal resction to either 2 light or a cound
involvea a choice-reaction seriss where the time taken in making
~the selection of the correct respense iz considerably grester
then that rﬁquareﬁ for the simple initial perception of the
stismulus, the particulsr senseepodslity esployoed 4o probably less
aignificant than in the cage of simple resction tine, whers,
according to Seashore (B) the usuel correlstion cbtoined between
resction to a visual and to an asditory stimulus 19 of the order
of L5,

Cube Construction and Tripod Aescmbly probably have
some common elements of "g" snd the "wechsnieslespatial" function
recognized by Cox (2}, Vornon (10) and others, This latter
function could almo be present 4in Ohject Lorting, which hao &
correlation of 0.5 with Triped Assembly.

The most unique test sppesrs to be Two-hand Co-crdineticon
(Moede type), the average correlations with the other teste being
very small. Particulerly remarkable i the fact that Two-hend
(Hoede type} Time hes almost no correlation with Pursuit (Twoe
hand), and Two=hand {Koede type) Brror, & correlation of only 0.26.
The enssentisl difference between these tests ¢ that in the Hadoe
Type performance is self-paced, and in the Pursuit-typs, suto-
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-matically paceds The stress eleoment in the sutomatic pacing

mey well have introduced tempermment factors that tended to over-
run the skill factors common to both tests. There is alse the
likelihood that Fursuit (Two-hand) made more demands on general
intelligence and mechanicalespstial comprehension, for it corre-
lates more substantielly than Two-hand {Mocde type) with the Assen=
bly tests (1,2,3 and 4). Fleishman (3) has reported the prescnce
of s non-motor factor identified as 'mechanical experience! in

the similar Pursuit (Two-hand) test applied to American Air Force
recruits.

Tripod Assembly shows the largest average correlation
with the other tests (O 4l); 4t alsc had the best validity for
winchedriving (0.60). These results are probably related to
the wide coveroge of genersl imtelligence, mechsnicel=-spatial
comprehension, and manipulative skill afforded by this test, par-
ticularly to an Africen industrisl sample that was also culturally
heterogeneous. _

The following multiple correlations were obtained between
three groups of the tests and the winch~driving criterion:

Numbers 1,2,% and 4 (known as the "Screéning Battery"), 0.66;
Numbers 5,6,7,8,9 and 10 {known as the "Psychomotor Battery"'),
0.71; all combined, 0,74, Although the inclusion of the psycho-
motor teets made an appreciable increase to the predictive value
of the battery, it was decided that ss they involved pieces of
apparatus comparatively costly to build, meintain, and administer,
future selection for winch-drivers should be confinéd to the
"Screening Battery', which consists of much simpler devices £hat

can be reproduced fairly easily and administered as group teasis.
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SUMMARY AND CONCLUSIONS

(1) Five apparotus tests designed for the classification and
selection of African personnel in the gold-mining industry, are
described and illuastrated. Ihree of these, namely, Tripod-and-
weight Assembly, Object Sorting, and Three-dimensional Peg~board,
are of the more '"general-purpose" type, whereas Code-signal
Reaction and Dynamic Coincident Reaction are rather specific to
the occupation of winchedriving. Results from experimental appe-
lications, including relisbility, validity, and relationships

to other tests, are discussed.

(2) Although the tribal origines of the subjects varied cone
siderably, &nd it was therefore impracticable to depend on sten-
dard verbal instructions, the teste could be administered

mainly through the medium of mime or a short movie film.

(3) Tripod~and-weight Assesbly (Reliability 0.83) diotinguished
significuntly between the Nonmemechanical and Mechanical Cate-
gories, but not between the Mechaniczl and Supervisory. Object
Sorting (Reliability 0.88) snd Thres-dimencional Feg-board
(Reliability unknown) distinguiched significantly between all
three categories.

(4) On all the ''general-purpose” tests except Cube Construction
subjects from Nogambique and the Cape Province tended to do
better than those from other South African areas and the Tropice.

Differences on Cube Construction were not significant.

(5) The age of the subjects, ranging from below twenty to over
forty-five years, bore no relationship to their test performance.
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(6) The subject's level of education markedly influenced their
performance in Letter-and-numeral Jorting, Object Jorting,

Formboards, and Three-dimensional Peg-board.

(7) Length of previous mining experience had a very signifi-
cant effect in Screws-in-nuts Assembly; a noderate effect in
 Letter-and-numeral Sorting; and msese in the other tests.

(8) The most valid of the "general purpose" tests included
in the winch~driver battery were Tripode-and-weipht Assembly
(0.60) and Object Sorting (0.50).

(9) 0f the various sensory~-motor tests applied to the winch-
drivers, the most valid were Dynamic Coincident Reaction (0.4S),
and Code-signal Reaction (Light, 0.53; Gound, C.49).
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TABLE 1
Inter-trial Reliability Coefficients

Tests r No.of Cases 8.E,
Letter-and-Numeral Sorting 0.911 365 1.04009
Object Sorting 0.881 347 0.012
Tripod~and-Weight 0.830 363 | 0.016
Cube Construotion | ©.785 365 0.020
Formboards 0.704 360 0.027
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TABLE 2

Mean Scores for the Major Job Categories

Non-Mech. Mech. Suporvisory
Tests ; ' . , '
. N Mean N Mean N Hogg*
Latter-and-Numeral
Sorting 599 | 4k.0 | 258 | .53.5 | 257 78.0
Object Sorting 563 | 65.0| 248 | 76.2 | 257 85.0
Tripod-and Weight 195 25.8| 88| 35.3 | 257 38.1
| Cube Comstruction | 60| 18.5| 11| 23.8 | 257 26.7
Forzboards 506 | 21.2| 260 | 2h. | 556 25.9
Screws-and-Kuts 597 | 6.7| 259| 8.7 | 558 10.7

Three-Dimen. Pég- ‘ '
board 536 | 12.3] 235 14.9 | 257 16.9
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TABLE 3

Standard Deviations of the Heans

in Table 2
5.D.'s
Teats : '
Non-Mech. Mech. | Supervis.
Lettor-and-Numeral Sort. 28.6- 32,0 32.7
Object Sorting 3heh 37.3 1.5
Tripod-and-¥eight 15.3 1k.2 13.3
Cube Construction 11.4 9.7 12.2
Formboards 9.1 9ok 93
feroewe~and-Muts 3.0 2.7 345
Thres-Dinen. Peg-board 2.2 X 7.2
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TABLE &
Criticsl Ratiocs of the differences between

the means of the Najor Job Categories.

Non~Mech, | Mech. and mnaﬂoch. and
and Mech. | Supervisory|Superv.+ lech.

Tesnts
C.R P C.Re, P CeR. 2
Letter-and-Numeral Sort. 4.1 [£.001 | 8.6 |{<.001] 11.8 |<.00L
Object Sorting oo [£001| 2.9 00k 7.5 | o001
Tripod-and-Weight 5.0 | <00L| 1.6 .110| 8.8 | «.00
Cube Construction 1.6 110f 1.0| 317 k.9 | <00
Formboards 4,2 [<00L] 2,6 | 09 B.3 | <,001
Screws-and-Nuts 75 [ <001 | 7.4 |«2.C01] 19.3 | .001
‘Three-Dimen. Peg-board ho5|<e00L| 3.0 003 8.0 | <001
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TABLE §

Relinbility and Validity (Ns=150)

Test Reliebility { Validity
1. Object-Sorting .38 50
2. Letter-and-lumeral Sorting W91 oub
3. Cube Conatruction 79 49
4., Triped-and-weight 83 .60
5. Pursuit (Two-hand) 89 k2
6. ‘Two-Hand Co~-ord.(lioede-type)
Time .85 3
?. Two-Hand Co-ord.(lioede-type)
Zrror «93 38
8. Dynemic Coincident Reaction «68 45
9. Code-Signal Reaction (Light) 89 53
10. Code~S5ignal Reaction (Sound) 9% 49
11. Variable Co-ordination (Time) «93 Al
12. Varizble Co-ordination (Lrror) .93 «30
13, Dynsmic Anticipatory Reaction «71 08
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Intercorrelations between tests

TABLE 6

(Decimal points omitted) (K=150)

—“y > < ‘
Test 2}l 2| 3| 4 5| 6 |7 |8 9]10
v1 Object-sort.
2 letter-and-
lumeral Sort. | 63
3 Cube-
construction | 33 | k2
& Tripod-and- ‘
woight 50 | 46 | 60
5 Pursuit
(Two-hand) Lo | 2B | 36 | 46
6 Two-hand
{Moedo) Time | 14 | 16 | 22| 27 | ©9
7 Two-hand A
(Moede) Ervor| 31 | 24 | 29| 31 26 | 13
8 Dyn.Coin;
, Reoaotion 25 | 26| 26 43 |22 | 2 | 15
9 Code-signal
(1ignt) 37| b4 | 39 iy, | 26 | 25| 23| &4
10 Code-~signal
(Sound) 31| 43| 41| 46 | 26 [ 09| 26| 27 | €1 ,
Mean r 36| 38| 35| bk | 30 | 17| 23| 28| 38| 34
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TRIPOD-AND-WEIGHT ASSEMBLY. MOODEL B.
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OBUJUECT - SORTING  TEST.
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"“THREE -~ DIMENSIONAL'" PEG-BOARD. PLATE 1.
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""THREE - DIMENSIONAL'" PEG-BOARD. PLATE 2.
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REACTION.

CODE-SIGNAL
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L 31vd "NOILJV3Y IN3QIONIOD JIWUNAQ
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DYNAMIC COINCIDENT REACTION. PLATE 2.
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DYNAMIC COINCIDENT  REACTION. PLATE 3.
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SECTION II
Summary

Technical and research details are furnished of two tests of
fine Implement manipulationj =six tests of moderately fine
Manipulation, of which four involve the use of imploments;

three Assembly tests, and two Reaction tests.

Inter-trial correlations show’that twelve of fheae thirteen
tests have useful reliability. It was not possible to
assess the reliability of the "Three-dimensional" Peg~board,
because it was given ms one continuous task. Chopsticks,
vhich was administered more than once, also showed good Test-
Re~test reliability. 1In this test repetitions tended to
improve both internal consistence and Test-Re~-test relia-
bility, but the introduction of a monetary incentive, while
bveneficial to alleround achievement, reduced internal con-
sintence, possibly because subjects were sometimes tempted
to "take chances".

Achievement in Chopsticka and Tveezer-ﬂozzle'coqrelated
respectively, 0.59 and 0.51 with achievement in a factory
operation of "Nutting"” (with incentive); without incentive,

these correlations were 0,51 and 0.38,

Results from Chopsticks and the Nutting operation over a 21
day period chowed that practice and training did not even out
individual differences in initial ability. Those subjects
who were good initimlly, tended to keep ahead.
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. Chopaticks showed small positive relationships with

Secondary Function, Emotional Stability, Visual Selective
Reaction and Visual Perception Rate; and emall negative
relationships with Heart and Respiration rate. The most

~ significent result was a correlation of -0.36 between

Chopsticks achievement and Pyruvic Acid level after
physical work, probably attributadble to biochemical factors

- influencing hehaviour. Chopsticks has proved useful as a

gitvation for‘observing'temperamental manifestations.

On Tweezer«Nozzle, where it was possible to compare the
respestive performance of Africans and BEurovpesns, no
significant differences were found batween the groups.

Tweezer~Nozzle cotrelateslmOSt éignificantly with Ghepsticks
(0.48) and Tripod Assembly (C.44), where the patterns of
manipulation also require rather fine muscular control.

on Tweézeroﬁemzle, good performers tend to eetiﬁate thqir

Jaéhievemgnt more realistically then inferior performers.

Host sﬁbjects.appear to have a more or less exaggerated
idea of their ability and are inclined to over-estimate what

- they can aetuaily achieve. The over-estimators tend to be

- further out in their estimations, than the under-estimators.

Although mild to moderate alcoholic intoxication caused a
aignificant deterioratibnvof performance in Viéual Discrimi~
nation, Tepping Speed, Gérd Sorting and Two-hand Co-ordina-
tion (Accuracy) it had no significant effect on performance

.Yiu Tweever«lozeie.
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10.

11.

While Chopsticks and Tweezer<Nozzle both lemd themselves to

group adainistration, they are acmewhat costly to reproduce
in quantity. The six "simple™ skill tests, namely Tweeger-
Nute, Tweezer-Mirror, Two-hand Sticks, Steadiresa Stick,
Tray Co~ordination, and Ring Throwing, which provide quite

a wide variety of manipulative patterna, are also suitable
for group administration and have the advantage of being
fairly cheap to construct. : '

The fact that the six latter chowed no validity for
selecting operatives in a porcelain factory, coﬁld:have been
partly due to the lack of specific and relisble criteria.
Tweezer,ﬁuts,vao-hand Stiqks. 2nd Steadiness Stick have

‘sinée been applied by a large sndustrial orgenization to

. operatives in a Caékew-nu%«ractory in Mocembique, and more

1z.

definite validation results should be obtainable because
the daily productivity of cperatives in this factory will
provide a specific and accurate criterion. '

in Tweezer-Mirror, where the tagk was complicated by
perceptual motor conflict, the more ihtelligent,aubject&
perforned better. These gkill teots tend to be hignly
specific with a mean intercorrelation of only O.15. Among

the more intelligent subjects the correlation between mental

ability (messured by a Form Series test) and the sensory-
motor tests is very small (0.12).  Among the less intelli-
gent 4t iz slightly but eignificantly larger (0.24). 1In
certain of the tests there were differences in achievement
attributable to differences in sex and age.
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14,

15.

16.

Of the three Asseably teats administered to mine-workers,
Object Sorting and "Three-dimensional' Peg~board dintinguilh'
well between the NHon-mechanical, Mechanical, and Supervisory
¢ategories; and Tripod-and-weight, between the Kon-mechanical
and Mechanical, but not between the Mechanical and Supervis-
ory.

While no significant tribal differences were detectable

with the six skill tests applied at the porcelain factory,
on most of the "general-purpose” tests applied to the
mine~workers there were significant differences, sudbjects
from Mocambique and the Cape Province tending to be
superior.

Previous formal education did not benefit the "porcelain
factory" groups in their performance at the six "simple"
skill tests, but it was advantageous to the mine~workers in
those Assembly tests where the main factor was the ability
to relate forms, namely, Sorting, Formboards and "Three-
dimensional" Peg-board.

In none of the mine~workers' tests did the age of the
subjects bear any relation to their test performance. But
in the "simple' skill tests spplied to the factory-workers,
very young subjects (mainly females) fared the worst at
Tweezor-Nuts, the initial test. At Tray Co~ordination
both the youngest and the eldest scored lees than an
intermediate group.
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18.

19.

Length of previous mininglexperience had a wvery significant

- effect in a test of Screws-and-nuts Assembly, & moderate

effect in & test of Letter-and-numeral Sorting, but none

in any other tests. 1

The most valid of the "general~purpose' tests imcluded in
the winch-driver battery were Tripod-and-weight (0.60) and
Object Sorting (0.50). Of the various Semsory-motor tests
opplied to the winch-drivers, the most valid were Dynamic

~ Coincident Reaction'(o.hs) eand Code~gignal Reaction (Light,

0.53; Sound, 0.h49).

A1l the tests are suitable for use on polyglot groups because

most of the requirements can be communicated to the asubjecte
by demonstration through mime or & movie film.
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SECTION 1III

AN__APPRAISAL OF SENSORY-MCTOR ACTIVITIES
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Partly on philosophical end empirical grounds, and
partly as a matter of convenience in resemrch, it has been found
useful by many to accept a rough classification of emimal
behaviour into the following five progessest (1) Sensory, con-
cerned with the reception of physical stimulation from the en-
vironment or from within the physical structure of the organism
itself., (2) Perceptusl, in which the sensory data is inter-
preted; (3) Metor réactiaaa of muscles and glands in response
to the perceptual process, or reflexively, in direct response
to the sensory stimulation; (4) Emotional, involving effective
or conative aets, usually accompanied by reflex muscular and
glandnlar activity, perticularly 4n response to strang elemen~
tary drives such as selfepreservation, mating, and aggression.
{5) Intellectual, which seems to fnvolve a complex amplification
of the perceptual in that simple end rather isolated units of
interpretation become associeted and systematized. This procese
- 4@ the particular speciality of homo sepiens, and manifestatione
of 4t by less voluble and conceited animals like the chimpanzee,
cat, dolphin, horse or dog, are usually regarded by man ae not
strictly "genuine" .

The designation "motor! impliea movement. In biologi~
cal centexta, movement is bomething more than the straightfor-
ward result of applied mechanical force, for even at the reflex
level it 1a'oftan preceded by a modicum of élementary coding
dependent on sensory data. = In referring to the movements of
Aanimate'érganisms it ha=z therefore become conventional to employ
& more descriptive composite term such as gemsory-motor, percep~

tusl-motor, or psychomotor. The detailed iavestigation of the
physical mechanism of cells, grgéns, nerves snd muscles that
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produce such movements, falls within the provinces of physiology,
anatomy and biochemistry. Peychologists, educationists, and
employera of personnel are mainly concerned with the behavioural
"aspects of movements in relation to externel things, and general-
1y, they are more interested in voluntary than involuntary
activity.

Diverse Activities

 Humen beinge, like other animals, spend much of their
lives in making muscular movements towafds, away'from; among
and with, a variety of things. There is continual physical
reaction to sensory dats from a material environment, either in
prusuit of a livelihood or for recreation. . The most fundamental
kinds of directed sensory-motor activity are those of a gross
- pature like walking or running, Jjumping, swimming, climbing, and
the carrying or dragging of objects, where the main requisites
are mtrength or spaedy O a combination of both.  In these
,fielﬁs. fion ia markedly inferior tc the brute creation, and de—
apite the powerful incentives provided by Olympic gold medals
_and ccnsequent.haxiopal deification, he camnot ocutrun the hare,
jump further then the kangaroo, outswim the shark, climb with
greater agility than the haﬁoon; ér move heavier weights then
the horse, In one kind of grose activity he has a certain ad-
vantage over most animals, his hands enable him to grip an imple=
ment such es a aﬁade or leve, tut even in this respect he is
phyeically infarior to the anthropoid ape with four prehenaile
'members, and the elephant with a single big one,

On the score of "guantity" in sensory-motor poten~
tiality, man 48 therefore a puny creature, but Nature has seen
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fit‘to compensate him well with superior endowments as regards

- "gquality". He excels in those activities where spatial preci-
sion is importent, These may also be of a gross kind;
necessitating considersgble sttength. like moving a piano to a
definite positibn. felling a tree with an axe, making a long
place~kick in football and hitting eixes at cricket; or of a
fine kind where the movements are usually of rather restricted
scope, requiring little physical strength, and the greater bulk
of the body is more or less static and serves as a tuttress -
that fecilitates the malutenance of balance and optimum posture.
Exemples of the latter are, the barber shaving either his own
chin or a customer's; the demtiet drilling and £illing a tooth;
the little girl practising her scales on the pisnoj her brother
doing fret-work on a small treadle mabhine; mother darning
socksy and father at his writing tsble struggling to reassemble
the. Gomestic. alarm-clock which he wan unwise enonsh to take
fapart an& clean. |

Among. the lower creatures. spatial precision relotes

v mainly to the judging of distance that has to be traversed
" quickly, in order to avoid obstacles or seize prey, but ia the
- case of certain apecies it is alse notable in the comstruction
of dwellings and devices for securing or storing food. The web
of ghe gerden-spider, the den of the trap-door spider, the honey-
comb of the bee, the nest of the weaver-bird, the perfect funnel- -
shaped pit in the send made by the tiny, ferocious “ant-lion" to.
trap the unwary ént, the dams of the beaver - are;remarkéhle for
both precision of execution and efficiency in use. OSuch inge-
nious activitiez on the part of organisms that are ostensibly
devoid of volition, we ascribe vaguely to "instinct”, tut until
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biological science is able to give come positive definitien of
"instinct", we cannot lightly dismiss the conclusion reached
long age by lord Avebury, that the mental powers of certain
lower creatures "differ from those of man not so much in kind as
in degree.

Although 4t is useful to postulate a2 broad distinction
betwean gross activitieﬁ of the athletic type and those requiring
the exercise of {iner muscular co~ordinations, there are at
least six princ¢ipal aspects to‘all voluntary activity, nemely,
the quantitative ones of strength, speed and amplitude of movee
ment, and the qualitative ones of accuracy, action and pacing.

In "ainglebaotion“ﬂactivity,‘s@parate unitary movements are made,
like pressing a key whenever a bell rings, etriking a cricket-
ball, or using a stop-watch; in "serial action" a more or less
'cgnnected sequence of similar unitary movements is made, as in
sending messages by the telegrnph-key. typing ond knitting,.
Sometimen an aetivity mey include both. For exsmple, in playing
the organ, serial-action in pressing the manual keys snd the
pedale is 4{nterspersed with single~action in operating the atops.
In "gontinuous action', the movements tend to be smooth and
rather saétained. as in tracing or draﬁing, ironing a garment,

or pushing a eart.““'ﬂhythmiaf aome.aeri'can play a part im all
kinds of action. e -

Ag regards pacing. there is the distinction between .
"se1f~paced" aetivitiea, where there is no definite standard of

speed to be mointained, and although it may be nbcéasary to move
Mas quickly.as possible" the actual physical implication of
this remains a matter of personal Judgment; and “pursuith
activities where there is some overt external compulsion to move
at a certain rate, which wmay well be rather faster than is
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comfortable. Examples of the first kind are, walking alone
to work (briskly, if you are behind time), writing a feir copy
of a letter, and sewing a piece of cloth by hand; and of the
second, walking beside a loug-lezged friend who is in a hurry,
writing notes in a lecture {particularly if the spsaker pro«
ceeds rather fast), and sewing with a motor-driven machino.‘

Mach humen sensory-motor activity is concerned with
either the production of smaterial things that may contribute to
physical and mental well-being, or the use of such things. To
make up for his own poor quantitative endowments, man is forced
to rely extensively on mechanical accessories, and has become
a8 toolempking and a tool-using enimal who constructs and applies
a rultiplicity of instrumental aids for eecuring food, eating
food, obtaining protection fronm the elements, bringing forth
and rearing young, destroying his enemies, boosting his ego,
jourﬁeying far and near, and amusing himself generally.

Chservation and Spgculation

It ia possible, that long before the science of
differential psychology came into being, certain basic facts
sbout ability in various sencory-motor activities were quite
well known. Firstly, at a given activity, whether it was
shaping & flint arrow-head, shooting with the completed arrow,
chasing a wounded antelope, processing its skin into a garment,
or carving an effigy of the animal on the cave wall - some
practitioners were better than others. Secondly, a fow of them
were superlatively good; =a few, really poor; and the majority
middling. Thirdly, it was rare for an individual to excel at
many widely different activities. Fourthly, practice increased
proficiency. For thousands of years thers was probably little
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speculation about such rather obvious facts, which were just
accepted in the light of casual observation and conmon-gense.
Things might, or might not have been what they seemed, but life
was real, life wos eéarnest end mere theorizing seldom produced
tengible resultes. ‘“hen not actually engaged in hunting,
fashioning weapons, garmeats and receptncl@s._pﬁeparing food,
eating, fighting or procreating, it was preferable to sleep and
invigorate the tired f{rame for the resumption of these active

pursuits on the morrow.

Fowever, tempora mutantur, et nos mutamur in illis,
and with the change in times and outlook epeculation of a
superior kind, that often soared ocut of sight above ordinary
observation end commonesense, became another of man's diver-
sions: c¢ogito ergo sum, and 80 forth. 1In this absorbing new
pastime, which mizht be called the philosophical precursor of
inductive psychology, the player directed hie efforts towards
the establishment of general laws and principles by sitting in
a comfortable armchair and thinking about numerous individual
ppecimens, hoth real snd imaginary. Only much later did it
become fashionable to get up occasionally and submit some of

the real spetinens to detailed and critical examination. When
the former *“philosophic" approach was more in vogue than the
istter "empiric”,ba grouping of abilities was poatplated that
tended to be very broad, and produced a compact, plousible pice-
ture which subsequent research has eshown to be, in many respects,
an inaccurate portrayal of reality. For example, the eighteenth
century faculties of memory, wille-power, attention or concentra-
tion etc., were found to be little more than theoretical |

© "blanket” concepts, because experiments demonstrated that indi-
vidurl ébility‘in sny one of them varied greatly with the nature
of the subject matter. ' ‘
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Much of the early work in experimental psychology
comprised the intensive testing of rather small samples to es-
tablish how well the "average person” could perform various mene
tal, perceptual and sensory-motor acts; among the latter, the
measurement of simple reaction-time to several kinds of stimul4
being particularly popular.

Individual differences (the "personal equation") in
the performance of various tasks; had, of course, been observed,
but when it was generally appreciated that somewhat larger test
sanples were more representative of humanity as a whole, and
these vere usod, the cignificance of individual differences be-
came accentuated and the main interest shifted to the question
of the interrelation between abilities.

Sensory-motor and Hental Abilities

During the first gquarter or so of the preseant century,
there was considersble interest in the relation between "mental®”
ond "motor" performance. Research on mental tests had shown
pretty conclusively that a powerful central tendency pervaded
all facets of conscicus cognition, and there was adequate justifi-
cation for postulating a general factor of intelligence, Large-
© 1y on the strength of this, it was tacitly assumed by eonme
investigators that a general factor of "motor" ability also
existed, and in the literature of the period, titles, discus-
sions and conclusione frequently allude to "motor" ability,

" capacity, power, or ckill etc. in the singular.

Correlation between porformance on certain meatal and
sensory-motor tests produced a wide diversity of results. Some
investigators concluded that fhe relationship was approximately. _
gero, others that it was positive, and a few, that it was
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‘actually negative. Snbméquent research hae tended to corroe
borate a dictum of Thorndike's which is aptly quoted by Seashore
(59)t "“In general, desirable human characteristics are slightly,
tut positively, correlated.! Seashore (59) interprete “slightly®
as implying a correlation of the 6rder of G.15 to 0425,

Table 1 shows a fairly typical set of 1n£efcorre1ap
tions obtained with a battery of mental “pencileand-paper tests
on a sample of male matriculants. All coefficients, with the
exception of that between Arithmetic and Aviation Interests, are
significant at better than the 5% level, and the mean coefficient
~ for the whole table is 0,40, The pattern suggests that there

is, firstly, a strong general factor pervading all the tests
and most concentrated in Mental Alertness and Progressive
Matrices; secondly, a more specific reasoning factor in Mathee
matice and Arithmetica and thirdly, a "knowledge" factor 4in the
two Technical and Seientific tests and the Aviation Interest
Inventory-

In Table 2 are the intereorrelaticnsVobtained_betwéen
messures on four sensory-motor tests administoered to the séme
. sample. The three self-paced tests, namely, Stemdiness (15),
Hand«foot Reaction (14) and Two-hand Co-ordination (Moede-type),
afforded measures of both speed and accurscy, but the Airepilots:
" armeleg Co-ordinator (A,L.C.), which is a pursuit test, ocnly a
megsure of accuracys On Handefoot Reaction {14) there is the
additional speed measure reflecting the time taken to leoarn the
'combination between stimuli end controls.

In this table, only ten of the twentyoeight coefficienta
are significant at better then 5% level. The mean fintercorrela-
tion between the four tests, irrespective of whether the measures
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are speed or accuracy, ie C.12; the mean intercorrelation be-
tween all accuracy measures, 0,10; and that between all speed
peasures, 0,10, There is no suggestion of a general sensorye
motor factor or group factors of speadlz:iﬁccurncy. Of the

ten significant correlation coefficients, seven are botween
speed on one test and accuracy on another, two between speed
seasures, and one between accuracy measures. Vith the exception
of the coefficient of =0,17 between Steadiness (Speed) and Two-
~ bhand Co-ordination (Accuracy), all the significant correlations
are positive, but, for the most part, small, the three largest
being between A.L.Ce (Accuracy) and Two=hand Co-ordination
(Speed), 0,403 A.L.C. (Accuracy) and Handefoot Reaction (Reace
tion Speed), 0.30; Two-hand Co-ordination (Speed) and Hand-foot
Reaction (Reaction Speed), 0.26.

The main point illustrated by Tables 1 and 2 is that
the montal tests tend to intercorrelate guite substantielly,
whereas the sensory-motor tests show a comparatively high degree
of epecificity., However, ae Vernon (70, p.96) has observed in
connection with work on other senso:y-motér tests: “At the
same time there is not complete specificity; most of the corre=-
lations are positive, though some may be negligible and even
negative, especially in highe-grade or rostricted groups.”

Tables 3 end 4 show, respectively, the correlations
obtained between speed and accuracy measures on the sensory-
motor tests and scores on the mental testa. Most of them are
small and positive, the mean coefficient for Table 3 being 0.l3,
and for Table &, 0,12, Stesdiness (Speed) has alumost nothing
in common with any of the mental tests but Steadiness (Accuracy)
iz related to Progressive Matrices, Mental Alertness and |
Technical and Scientific Information. Hand-foot Reaction
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(Beaction Speed), Hand-foot Reaction (Accuracy) and Air-pilots
Armeleg Co-ordinastor (Accuracy), have very 1itt1e in common vith
the mental tests, and Twa-haﬁd Co-ordination (Accuracy) corree
lates only slipghtly with Progressive Matrices and the two Teche
nical and Scientific tests. The sensoryemotor meaeures which
anpear tdhave the most oignificant "mental® content are Hand-foot
Reaction (Learning Speed) and Two~hand Co-ordination {Speed), the
lorgest correlation being 0.28 between Progrcasive Matrices and
H.F.R, (Learning Speed).

It is curiouﬂo that of the two co-ordination tests,
nemely, Air-pilots armeleg (A.L.C.) and Two-hand (Moede type),
the latter, which would ordinarily be regarded as the lecs com=
plexy shows more overlap with mental tests than the former,
This epplies particularlg to the spaed meesure on Two-hend Co-
ordination, which relates significantly to all the mental tests
except Technical snd Seientific Information. It would seem
that the comparaiively large correlétion.of 040 (Table 2) between
Two-hand (Speed) and A.L.C. (Accuracy) is attributable to some -
common co~ordinative rather than cognitive element.

- In his investigation on the relationahip batween ‘
different "motor capacities”, Muscic (49) used simple motor tests ‘
to minimize the mental element which “would tend to produce some
positive intercorrelations, even if none existed between the
motor capacitiea thcmselves.“ He was aware, however. that ine
telligence cannot be entirely eliminated, While the somewhat
vgreater overlap usually found between the more complex gensory-
motor tests may'be due mainly to some common overlap of g, this
is appareatly not always the ¢ase, as shown by the above corre-
lation between two-hand (Speed) and A.L.C. (Accuracy) snd also
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by en average intercorrelation of 0.25 obtained by Farmer (21)
between Choice Reaction, Dotting Hachine and Pursuit Heter, none
of which correlated to any significant extent with intelligence
neasures,

The fact that many sensory-motor tests show no sigu
nificant corrclation with mental tests should not be taken to
iwply that mental factors play no part. A certain minimum of
comprehension by the subject is necessary for the performance
of all voluntary activities, even the aimplest. reguiring 1little
more than elemenbary orientation in space add/br time. In more
complex activities there may be the additional need to discrimie
nate quickly and accurately between more than one kind of
stioulus and response, master the correct order of a series of
operations, and understand csusal relations. The Hand-foot .
Reaction test is of this type, but even here, the correlation
with canvantional mental tests is by no means large, and one is
led to conclude that general mental ability in excess of that
necessary for a proper appreciation of what has to be done in
the sensory-mstor task, affords only a slight extra advantege
to the subject.

Mental Functions in senso ~motor learnin

Gianted_that.man is a paycho-physical organism whose
veluntary reactions are extensively dependent on the “dynamic
vaity of mind and body" stressed by certain psychoetherapeutists
1like Lamb (39), there is still much to be investigated about the
. rdle of mental faétor& in the acquisition of improved sensory-
motor skill through learning, Although there is no concluaive
proof that general intelligence enters more significantly into
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practice then it does {nto initial ability at a particular motor
task, improvement is not simply » matter of increased muscular
officiency, there are cettainvcenttal processes involved which
may not be covered by conventional mental tests., Freemen (28)
has noted implicit muscular activity during mental work; Buegel
(6) found that the introduction of ideational elements in a motor
task was beneficial to learning, and the results of lockhart (40)
indicate that in learning the game of Lowling supplementary
theoretical instruction by motion-picture cen contribute sige
aificantly.

An interesting approach, which shows considerable
pfemisa, ic the investigation of the effects of "mental practice®,
- There appears to be evidence that proficlency in certain sensory-
vmatar activities can be increased not only be actual performance
but also by intensive thinking about them., Two similar exe
periments, the one invalving dert~throwing and the other, basket=
ball shooting, were conducted by Vandell, Davis and Clugston (68)
- on two different samples. Thae subjecta in each were equated
for intelligence, skill and other factors and then divided into
three groupsal On the first day all groups were given physical
.. practice mnd the one was then dismisced.. During the subsequent
18 days one of the remeining groups carried on with & daily
stint of physical practice and the other spent 15 minutes daily
Ymentally throwing™ darts or basket=balls at imaginary targets.

On the 20th day all three groups wore re~tested. The findings
indicated that, while no improvement followed when there was no
practice of either kind, mental practice was almost es effective
as physical practice in producing improvement, . _

Twining (66) did a comparable study in which three
groups of subjects threw rope rings at a pege On the first day
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all groups performmed physically, and during the following 20
days one group had no practice of any kind, one had regular
physical nractice, and one spent 15 minutes daily at a aental
rehearsal of the first day's activities, After a re-test of
all groups on the 22nd day, it was found that the first had not
improved significantly} the second, with physical practice had
improved 137%; and the third, with mental practice, 36%. Later
studies on the effect of mental practice by Clark (10) and

Start (62) have tended to confimm its significance in learning
a motor skill. Start (62) noted that the degree of improve-
ment attained through the mental practice was unrelated to scores
on intellipgence tests, which would be in agreement with the

view that in physical skills there can be wental concomitants
of a kind not necessarily covered by such tests,

Sometimes the rzental processes required in o sensory=
motor task are so preponderant that it is quite possible to
design a snecial "pencil-and=paper" substitute that successfully
incorporates wany of the principal components. This was done
by Nesberg and Smith (50) who evolved a "pencileand-paper" test
that extensively reproduced results obtained with the Vector
Complex Reactometer, a complex reaction~time apparatus used in
air=pilot research,

NHature of the test samg}e

A point which does not appear to have been generally
known to carlier investigators is that tho degree of relation-
ship azong sensorye-motor tests and between thesc and intellec~
tual tests can be markedly influenced by the composition of the
sample examined. In a selected high-pgrade group of air-pilot

259



cendidates the correlations would tend to be considérably‘

smaller than in heterogeneous or lowsgrade groups where general
_intelligahce or cultural differences account for much more of

the variances On a sample of African minewworkers the mean
intercorrelation between tests of assembly, sorting, co-ordination
and reaction=time was of the order of 0.35. Vernon (70, p.131)
has noted that among college students «ee. "it i3 often quite
difficult to establish a g." ' '

A large battery of sensory-motor tests, three complex
and fourteen simple, administered to students by Perrin (51)
yielded intercorrelations that for the most part were insipnifi-
cant and in many cases, about gero, (n the other hand, Atten~
borough and Farber (3) who tested defective boys, obtained a
mean intercorrelation of about 0«40 betwoen simple tests like
Tapping, Peg-ineertion ané Nuts-snd=bolte assemblys and a mean
correlation of about 0«50 between these tests and the Stanford
Binet and Otie Frimary intelligence scales, Malpass (42) found
that among retarded children of both sexes there was a high
degree of relationship between motor proficiency and intelligence,
but hardlgxgmong normel children. An investigotion on a group
~ of senile patients by Fyeenck () revealed a mean r of gpproxie
mately O.40 between &teadiness,'ﬁimiug and Ergoegraph, and a
mean r of .26 between a Matrices test of intellizence and
Steadiness, Ergograph, Dynamometer and Tapping.

It is possible that sensory-motor abilities are
linked with giﬁia a major practical or spatielemechanicsl group
factor Kim identified by Vernon (€9, 70), Cox (11, 12) and
others, Vernon (71) considers that the most clear-cut distince-
tion is between this group factor and verbal abilities.
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Admittedly correlationa tend to be very low, but even here there
is evidence of some conmection. For example, Uhler (67) inves-
tigatod two samples of children, one with high psychomotor
dominance and the other with high vorbal dominance, and found
that a wido disparity between vorbal and psychomotor '"intellie
gence' wapg rare and associated with some hereditary mental
ebnormality in the family history.

Greuping of Sensoryemotor Abilities

The conclusion reached by Perrim (51), Muscio (49),
Seashore (54), Akroyd (1) mnd others that there is probably no
general factor of sensoryemotor ability, is extensively sup~
ported by subseguent findings, and much of the later basic re=
search in this field hos been directed towards the identifica=-
tion of certain principal dimensions in the form of group
factors,

The work of McCloy, E. (46), MeCloy, C.H. (4k,45),
wendler (72}, Carpenter (8), iempel and Fleishman (37) and
others has shown that there is considerable overlep betwoen
gross motor abilities of the athletic sort, and clear-cut group
factora such as strength, flexibility, gross body co=~ordination,
valocity,vdaad—WQight and epergy-mobilization have been identi= '
fied. liowevor, hardly ony relationship has been found between
groos motor activities and flre motor skilla.

Reymert (52) wae one of the earliest to demonstrate
that in simple resctione-time experiments there is a high degree
of relationship between various combinations of stimulus and
guscular responze. Earle and Gew (19) applied two groups of
testo, the firet requiring mainly speed, and the second, accuracy
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of movement. Average intercorrelations were 0.36 in the
“speed" group, 0.29 in the accuracy group, butonly 0.13 between
the two. Results from a battery of 21 practical tests (19
sensory-motor, one spatial relations, and one mechanical assen-
bly) were subjected to factor analysis by Seashore, Buxton and
McCollom (56). One of the six factors that emerged they iden-
tified five, as followa: (1) Speed of single reaction;

() Finger~hand speed in restricted oscillatory movements;

(3) Forearm and hand speed in oscillatory wvements of moderate
extent; (4) Stemdiness; (5) Manipulation of spatial relations.

A broad motor co-ordination factor was identified
in tests like Pursuit, Aiming, Complex serisl reaction, and
certain dexterity testes, which were applied in the American=
Air forces during the last war (Melton, 47). Rother narrow
Hanual dexterity factors have been found by Cox {(12) and
Takela (63). Harrell (34) included fifteen manual tests in a
battery applied to cotteon-mill operatives, and found a strong
Manual dexterity factor pervading tests like Block-packing,
Dotting, Pin-board and Nuts-and-bolts assembly, In an analysis
of test data obtained on radio-assemblers, Goodman (%X and
Chapman (9) located a Manual factor in tests of Tracing, Tapping
and Dotting. The findings of Fleishman and Hempel (24, 37)
thdt Manual and Finger dexterity are separate factors, is in
conformity with those of the Division of Occupational Analysie,
as reported by Vernon (70, p.98).

The results of Seashore and his colloborators
(55, 56, 57, 60), Reymert (52) and Campbell (7) show that the
boundaries of group factors of fine sensory-motor activities
particularly those involving simple single-action snd seriaole
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-action responses, cut across the boundaries of specific muscue
lature and specific sense wmodalities. Seashore, Buxton and
#eCollom (56) found a lack of relationship between apparenfly
aimilar sctivities like visual reaction~time with the right
band and the maximal rate of tapping with the right hand on
the some key. Here, precisely the same musculature was em=
ployed, but to produde two distinct patterns of movemont, 1In
another investigation, where the movements were all single
reactions, Scashore and Seashore (60) found that the subject
who reacts quickly with his right hand will alse tend to do so
with his left hand, either of his feet, or his jaw, elbow,

shouldeé or neck; and the converse holds for the subject who
| reacts slowlyQ '

In an experiment by Campbell (7) the subjects had
a baton strapped to either hand and foot and made a series of
recponses to a light by striking a metal plate or key. The
very large correlations obtaired between the respective perfor=-
mances of the different limbs, led to the erroneous conclusion
that there is a general factor of motor ability. Actually,
they indicate that there iz & strong group factor in activities
~ that havé the same pattern.

8

The part;cuaar aensa—modality uged appesrs to have
‘& modarate effect on sensory-motor perform&nce of the simple.
unitery sort like presaing a key in response to a light or
sound. For both, reliabilities are usually about 0.80, and
correlations between the two on normal, adult Buropeans, are

of the order of Coit5. A8 a rule, reaction to the sound stimu-
lus is slightly faster (Woodworth and Schlosberg 73, pel6).
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Seashore (59)‘incliﬁes'to the view that certain
groups of activities are more or less related because they
involve similar petterns of movement, and the grouping is,
therefore, functional rather than anatomical. This is borne
 out among some of the writer's tests. COn the Code-signal
reaction apparatus for mine winchegperators there is & corre~
lation of 0,61 between reaction to & light and a sound. Speed
‘and accdracy in the "steadiness" activity of trecing along
slots with a stylus held in one hand correlate respectively,
04535 and 0.40 with speed and accuracy in the Handlebars test
(16), where a similar but more complex tracing‘ﬁask requires
two~hand co-ordination and more criticel poatural contrel. On
the Hocde~type co-ordination mechine, the making of rapid, com-
pensatory movements with two hands in order to guide a track
below & stationary pencilepoint, correlates 0.40 with the activie
ty of moking & generally'similar orthogonal ﬁattern of compen=
satory adjustment with one hand and both feet to keep a drifting
light-spot inaide a target area on the Airepilots’ Arm-leg
Co-ordinator (4.L.C.). 1In this instance, the fact that the
Moede-type tent is self-paced and the A.L.C. of the pursuit
or automatically-paced type, is apparently not very significant.
Perfermance on the Roundabout test (18) correlates 0.27 with
that on the A.L.C., but zero with any measures on the Rand-foot
Reaction testy the letter iavolving a pattern of serial dis-
crimination responsos, and A.L.C., like the Roundabout, being
a continuous pursuit test, although the musculature of both
hands and feet was operative. in all three tests,

Sometimes the functional differences sre less obe-
vicus. For example, in the Floating Effect co-ordination test
(13), there is also an orthogonal pattern of compensatory move-
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-ment, but the marked element of inmertia between control and
stimulus makes this a rather different pattern from that in the
AJ«Ce and Hoede~type tests where there is & more rigid mechani=

- éal relationship betwoen control and stimulus. The correlation

between either of tho latter and Floating Effect is ¢f the order

of 0.30,  However, achievement on Floating Effect and on the
¥illemee=board test (61) in which a long sloping board is tilted
left or right to guide a rolling marble past various baffles
into & pocket, correlate to an extent of 0.50; the element of
inertié to be allowed for ir controlling moving stimuli being
common to both. Here again, a pursuit or automatically-paced
test (Floating Effect) correlates substantially with a self-

- peced test (WillemeeeBoaré), but sometimes a difference in
paggng &ppaaré to be quite important, For example.tébbattary
of téat& for African wincheoperators included the Haede-type

- Two~hand and & Twoehand Pursuit tect in which the subject turned
tha handles on & pair of orthogonal lead-screws to keep a
pointér'in contact with a small'targéf-stud moving sutomatically
glong an irregular path; The pattérn of movements required_
was practically identical in both tests, the only significant
digtinction being in the matter of pécing, and as the test
sample was a fairly heterogeneous one with a preponderance of
rather lowsgrade subjects, a very high degree 9£ overlap could
have bean expected between the two tacks. Actuslly, performance
on- the Pursuit test was found to correlste only to an extent of

026 and 0.09 reﬂpectively, with accuracy and speed measures
on the Moede-type machine.

One likely explanation -for the greater influence
of poaeing here, lies in the difference between test samples.
The air-pilot tests were administered te Furcpean matriculants
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- ené the wincheoperator teets to comparatively uwneducated
Africens, many &f whom had ﬂxyeri@n@eé only very suporficial
corzet with Europeean culture. Working in o steady, unhurried
foebion 43 charscteristic of the tribal Africen's way<oq§1fe.
When necensity drives, be is quite ospable of quick and effice
fent epurts of activity, but mustsined perfcrmance under the

- pressure of having to work at e fairly fast rate is opposed to

his outlook and disposition. Amonyg the African pubjects,
thereforey the compulsion of an automaticallye-paced element

in & teat probably introduces more temperasental verisnce than

among Burspean subjectz. FHowavepr, it is quite possible that

the pursuit clement in the Twowband Pursuit test ie generally
more stressful thap it is in the AL.LC. or Floating ¥ffect.

Table 5 givegs tho intercorrelations obtsined
betveen Kducational level, & montal test end six "simple™
sensory-sotor tosts adsinfistored to 125 Africanaiults, 63 males
and 62 femaless The tasks invelved in the teste were ap |
followe: | - |

Fbrm segxos (ﬁraat, 31) s In this primarily mental @ﬁmt.'
esch itemerow on a board comprised part of & regurrent pattern
of gecmetrical figures varsing in shape, size and ¢olour, and
 the subjeets were roquired to add two eppresriate plastie

' figures to continue the pattera in oache

Ducozer Kuto: 4 onell square pon, with & vertical rod £1x0d
at the mi&ﬁie. rested on the toble within essy reagh, and by
means of a podr of tweosers &n hia preferred hand the subject

transfeorred netnl nuta. ong At a time and as quickly as pnssible
from the pan on to the rod.-
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Tweezer Mirror: Similar to the sbove, except that the pan and

rod rested behind a shielding case on a table and the subject
had to view his activity in a mirror.

Qwo-hand Sticks: With the pan and rod resting before the sub-
Ject on the table, nuts had to be transferred to the rod by

means of two wooden sticks, ono in either hand.,

Steadiness Stick: With the pan and rod resting on the table

several feet away, nuts had to be transferrsd to the rod by means
of a single long wooden stick having a metal pin projecting at
‘right-angles near the far end.,. The other end of the stick was
held in the sabjecﬂb preferred hand, |

Tray Co-ordimation: By sultable tilting of a metal tray held
in both hands, afeel balls had to be manipulnted, one at a time,
up a narrow ramp, past a baffle, and through a small opening
irto a recéptaclea

Ring Throwing: = With the pan and rod resting on the table
geveral feet'aﬁay, subjects endesvoured to throw rubber rings

_over the ro0d.

The mean intercorrelation between all the sensory-
motor tests is 0.18 which surpasses the 5% level of significance.
Those most intimately related are Twoehand Sticks and Steadiness
Stick (G.37). Although the one involves the musculature of
both hands, end the other that of one only, there is some basic
-gimilarity in the pattern of movements reguired in "stick"
manipulation.

Educational level correlates 0.50 with the mental

test (Form Series) but is unrelated to performance on the

gensory-motor tests except Steadiness Stick, where there is &
small negative correlation.
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_ Form Series correlates significantly with only one
of the censory-totor tests, namely, Tweezer Mirror (C.28). 1In
this connection it is of interest that significant correlations
between general intelligence scores and performance at a mirror
tracing task have been reported by liarmon and Oxendine {(33).

Tweezer Mirror hac its largest correlation with
Twoehand Sticks (0.33) but it is also related significantly to
all the othér gensory-motor tests, and has the largest mean
correlation of 0.24. The motor conflict induced by the mirror
image made this the most complex and "difficult” of the sensory-
motor tacks.

Ring Throwing; with the smallest mean correlation
of Cdl2, is the most specific test, which wae expocted, as the
pattern of movement is very different from the fine, sustained -
manipulations required in the others.

Tray Co-ordinations (a two-handed task) is most
closely related to Tweezer Nuts (0.31) and Tweezer Mirror (0.27)
which are both one~handed tasks; but it is unrelated to Two-
hand Sticke, notwithstanding the apparently strong common elément
of two«band co-ordination. Here egain, the respective patterns
of co-ordination required, are very different.

Even in this comparatively low-grade sample, the
sensory-motor abilities measured by the tests appear to be
predominaﬁtly specific, and there is no indicationm of a general
factor of dexterity or handiness, ) '
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The work of Fleishman and Hempel.

Because of the laboricus and costly nature of testing
for sensorye-motor abilities, which usually requires individual
administration and special apparatus, experimental groups and
the number of tests applied are often rather small, and factore
jal results statietically insignificant, Kotable exceptions
are the large scale investigations done by Fleishmen (23, 26,
27) and Fleistman and Hempel (24, 25, 37) which merit particular

consideration,

" In & preceding review of earlier analys€s by himself
and others, Fleishman (22) described certain factors which
appeared to be the most consistent and distinctive, and others
wvhich were only tentative. He stressed that the list was bosed
sololy on the results of factor-analysie studies, and acknowe
ledged that there are other ways of‘claseifying and describing
motor skills. Briefly, his categorizetion was as followsie
(a) HMOTOR FACTORS: (1) Reaction Time. Speed of reaponse
to a stimulus by a prescribed movement. (2) Tapping., Rate of
simple oscillatory movements requiring ne accuracy. (3) Manuwal

Dexterity. - Ability to make rapid and controlled manipulations
with the hand or arm. (4) Finger Dexterity., 4&bility to make
rapid and controlled mahipulationa with the fingera. (5) Steadi~
ness. Precision and steadiness in making arm-hand positioning

movements where strength and speed are minimal. (6) Aiming.
Spoediand procision in meking a series of directed movements -

requiring eye-hand co-ordination, (7 Motor Kinesthesis or

Gross FPrecision. Somewhat precise postural or bodily adjuste

ments to kineethetic cues when physical equilibrium is disturbed. h
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Factors not so welledefined were: (8) Paychomotor
Co-ordination. Ability to integrate grosa or fine movements
of moderate scopes ‘Thig factor was identified whenever more
complex tests were used. Poosibly it mipght be split into
several subefactors. (9) Ambidexterity. Ability of right-
handed subjects tc work fast with the non~preferred hand, It
‘was identified in only one study., (10) Psychomotor Precision,.

very vague factor which may be the same as Manunl or Finger
Dexterity. Tests on which it is loaded actually appear to re-
quire fast rather than accurate working.

(b) NCN-MOTOR FACTORS: (11) Spatial Relations. ability to
relate different responses to different stimuli, where either
stioull or responses are arranged in spatial order,

(12) Perceptual Speed., Ability to make rapid recognitions and
comparisons of visual forms. (13) lMechanica) Experience.

The only motor test with loadings on this factor was Twoehand
Co~ordination (presw.ibly the Pursuit type used in the U.5.1.A.F,),
Printed tests with loadings on it were Mechanical Information,
Mechanical Frinciples, Biographical Information, Filot Technical
Vocabulary, and Reeding Comprehcnsion. (14) Pilot Interest.
This factor was distinct from Mechanical Experience, and 1n¢1udod
a Rudder Control Test, general information, and previous flying

experience,

A large nunber of apparatua and printed psychomotor
tests selected or specifically designed to measure most of the
above categories was administered by Fleishman (23) to 4CC
subjecta. FResults confirmed the existence of the following
factorss (1) Reaction Time; (2) Tapping (called "Wrist-finger
Speed); (4) Finger Dexterity; (5) Steadiness; (6) Aiming;
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(7) Hotor Kinesthesis (called "Postural Discrimination")j
(8) Psychomotor Co~ordinations (11) sSpatial Relations.

An additional factor emerged, which had not been pree
viously hypothesized. It was defined as Rate of Arm Hovement
. and related mainly to those tests requiring rapid arm movements
Qf a gross kind, like Aiming and Placing.

Of particular interest is the confirmation of "Psycho=
motor Co-ordination® as a distinet factors It waéxggiaistently
Wpreéent in Rudder Control, Rotary ?ursuit; and various Complex
Co«ordination Tests.'and-wﬁa also related to Dynamic Balance.,
Fleishman (23) broadly definés the factor "as repré&enting either
co-ordination of the large muecles of the body, in movements of
moderate scope, or cowordination of such movements with the peré
ceptioh of a vioual stimulus.*

Fleichman and Hempel (24) analysed date from a battery
of fifteen widely used printed ond apparatus dexterity tests,
including the Furdue Pegboard, G'Gonner'Finggf Dexterity, Santa
Ana Dexterity, Minnesots Rate of Manipulaticn, Tepping, Tracing
and Marking. They identified five factors accounting for the
~ range of tasks investigated, nmmely, (1) Finger Dexterity;

(2) ¥anual Dexterity; (3) Wristefinger Speed; (%) Adming; and
(5) Positioning. The results indicated that the goncept of
“manuel dexterity” ag a unitary ability, is untenable.

This study was followed by ocne in which Hempel and
Fleishman (37) investigated a battery of 46 printed, manipulative
and gross physical tests. Among the latter, the factors identie -
fied wore: (a) Strength of limbs and trumk; (b) Flexibility of
the legs and trunk. Ability of the muscles to endure and roe-
cover from straic and distortion. {¢) Baiance; (d4) Gross
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body co—or&inaticn; (e) Energy mobilization. Ability to
mobilize quickly and effectively a maximum of energy or force.
In the "manipulation" group the main factors were: (a) Manual
Dexterity; (b) Finger Dexterity; (e) Armehand Steadiness;

(d) Aimings, Proficiency in the gross phyeical tasks was found
. to be quite independent of that in the fine manipulative ones.

Out of a very extensive battery administered to over
1050 naval pilet candidates, Fleishman and Hempel (25) selected
and analysed the intercorrelations betwsen sixteen apparatus
psychemotor tests and soven printed tests designed as pomsidle
substitutes for apparatus tesis. Of the nine factors identi-
fied, the following four were confined to the apparatus psycho=
motor tests: (a) Psychomotor Co-srdination I, emphasizing
sencitive and highly-controlled adjustments in movements of rese
tricted acope;  (b) Psychomotor Co « ordination 1I, relating
more to the g%osa co=ordination of several linbs in meking
1argér-movementa;"(c) Manual Dexterity, which more adeguately
covers the factor previously c¢alled "Psychomotor Précision";
(a) Rate Control, restricted to thosme apparatus teets requiring
the ability to make continuous motor adjustments relating to
changes 4in Speed of directiem of a ecn%inuously moving object."

Four factors measurable by hoth apparatus and certain
printed tests were: (a) Integratian, “which required the ability
to utilize and apply a number of @isparate cues and activities
quickly into an integrated resultant response”. (b) Spatial
Relations I, "the ability to interpret spatial characteristics
of the stimulus situation"; (¢) Spatisl Relations II, concerned
- with "directional discrimination and orientation of movement -
patterns®; (d) Visuvaligzation, emerged as separate from Spatial
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Relations. They also found a Perceptual Speed factor, which '
was restricted to the printed tosts. ’

From the.atandpoint of equipﬁent design, Brown and
Jenkins (5) had classified motor abilities into (a) Static
reactions, where a body member must be held for a'period in a
definite spatial positiony (b) Movement reactions, requiring
the ebility to mske co-ordinsted, accurate or rhythmic movements
&t o certain rate or aloag specific locis and (c) Positioning
reactions, in which the body member must be moved to a pre=
scribed position in space, the terminal accuracy of the response .
being the most important feature. Iach of these classes were

subdivided into more restricted ones like continuous movements
and intermittient movementes; eic,

t

To investigate two of the main categories abowe,
namely, Positioning movemente and Static reactions, Fleiehman
(26) tested 200 subjects on & wide range of practical tasks.

From the results of the facter analysis he concluded that Mekill
in static reactions is usefully censidered e eeparate class of
ckills from pésitionimg movements.” ile found subatantial common
variance between stetic reagtion tasks, whereas the positioning
tasks tended to be highly speecifice  The three factors extracted
. weres (1) krm—pandi%teadiaessé (2) Moving arm to certain
estigated pocitions not immediately experieﬁoed; and  (3) Re=
turning arm to a position from which it was just removed. It
would seem, from his data, that Armehand Steadiness, the most
éigtinct -of the tbi‘aef. cuts across the "staticepositioning®
>bonndary. because both "pasitiéning" taske 1ike Track Tracing
and Steadiness Precision, and "static” taske like Steadiness
Tremor and Arm Tremor, gave substantial loadings on this factor.

+
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Fleishman (27) gbnsi&ers that those psychomoter
ekills which fall under the heéﬁing movement reactions, are
probably the most numerous and important. In these, skill

during the movement is of primary interest, whereas in position=
| ing movements the main feature is final precision, and in
staggc,reactiénsl-ié is the maintenance of a definite limb
position. He administered & large and varied battery of "move=
ment" tests to 204 basic trainee airmen., Factor analysis indie
cated thot movement reaction tacks of the sorts investigated fell
into ceveral broad classes: (1) Fine Control Sensitivity;

(2) Hultiple Limb Co-ordination; and (3) Response Orientation.

A factor named “"Rate Control'' was more tentative.
Threc other factors that emerged again were Arm=hand Steadiness,
Reaction Time, and Speed of Arm Movement; but they did not
centribute to performance im the more complex teste.

Guilford's Scheme -

A theoretical survey of psychomotor abilities,
including both fine skilis and gross bodily movements, has been
done by Guilford (32), who used the simplé. oystematic tech-
nique of noting "each factor reporéed in the Jiterature on a -
soparate card, tcgether-wiﬁh its apperent nreperties and names
- of some tests that tend to characterize it," and thon arranging
the cards to form classes of factorss After numerous revisions,
he postulated a classification scheme in the form of & matrix.
Columns are represented by soven principel types of motor ability,
namely, (1) Strength; (2) Impulsion; (3) Speed; (4) Static
Precision; (5) Dynamic Precisioni (6) Coeordination; and
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(?7) Flexibility. Rows refer to the part of the body involved:
(a) Gross; (b) Trunk; (c) Limbs; (d) Rand; and (e) Finger.
The concepte of gtrength, speed and co-ordination are
well=known. lmpulsion is defined as "the rate at which move=
ments are ipitiated from stati@narylpositions." and is therefore

synonymous with "Reactionétime“. vhereas Speed refers to the rate
of movenente after they have started. Static Precision has to

do with the accurate maintenance of cortain limb or pogtural

pogitions, and Dynamic Precision with the accurascy of directed
movements. Flexibility designates the freedom with which parts
of the body can bend, "or the scope of movémenta dependent upon
particular jointa,”

v Factors involving anatomical Qomplexéa‘other than

the five above, as, for exmmple, articulation of the speech .
organs, would require additional rows in the matrix. ‘Guilﬁard
-also points out that there is uncertainty whether the Tepping
factor should be inciuded.uﬁdar "impulsion”, as it also involves
‘the repetition of initiated movements, and it had been demone
strated by Seashore gt al (57) that Ehpﬁing and Reaction=-time
scores were unrelated, even when the activities were dones with

same hand.

_ ‘  The epecificity of the Tapping factor has been cdn—
firmed by Fleishmen (23) and others, and it seems pretty obvicus
that Cuilford's concept of "impulsion™ will have to be 6plit
into (1) Single reactions to disscrete stiouli, and (2) Sustoined

. seriel actzvitiea.

_ Guilford's system, which is confined to “motor™
factora. is certainly the neatest end the most compact which has
been proposed &0 far, but, as he acknowledges himself, it still
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raguires n great deal of oxperimental substantiation, and may
have to be revised. '

Unlike Seashore and his collaborsters, Guilford
agpears to regard the particular musgulature employed in moter
activities as of @onéidarable,imyertaneea This hes dietinct
sdvantages for providing an eéarall diagram of the entire seosory
motor situation, inecluling both gross and fine sctivities, but
thare is some rick that it moy tend to obscwure significsnt
behavioural distinctions among the fine wctivities, purticularly
those relating to patterns of movement. Moreover it has boen
well established that, at least in the activitiea of the sigde
or discrete reaction type, thore is a high degree of intercorroe
lution between the various body members, and here the particular
musculature is therefore not factorially isportsnt. Also, the
main behaviowral difference butwecntgroaa and fine aotor skill
is not primerily a natter of the ragions of munculature that
cone into'play. but #% is concerned more with the strength,
'amylitu&e. and precision of movements. While fine skills are
commonly restricted to the susculature of the fingers, hands ?
ond arms, this is pot invariably sos For oxample, the coe
ordinated activity fn-piloting an sireraft, like that in ylayiﬂg
football or tennis, mokes demands on a large proportion of the
total body musculature, but it requires less physical strength,
smeller movesents and siore precise movements, than such Yathe
leticY activities.

Speed and Tempo
In tho majority of selfspaced sensoryemotor toctas,
whether of the simple, unstructured kind like Tepping where the
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need for accuracy is minimal, or of the highly structured kind
like Handlebars Couordinatibn (16) impeaing a strict criterion
of accuracy, it is usual to instruct the subject to work as
quickly &s he can. However, another approach, in which the sube
Ject is required to work at his “perszonal tempo” or preferred
rate, has received some attention. | ' '

Allport and Vernon (2} recorded the preferred rate in
perfcrming forty-five varied tasks, and while there was a slight
" general tendency for the tests to intercorrelate positively, the
main group factors that emerged were Verbal Speed (reading,
counting and handwriting); Drawing Speed (with the hand on paper,
and with the foot on a black-board); and Rhythmic or Motor Speed

(Tapping, or contraction of various muscles). y

Fifty-nine tests, including natursl or congenial rates
of cardesorting, cancellation, body~bending and swinging, tepping,
draving and making symmetrical movernents with the respective
14mbs, were sdministered to 91 university men by Rimolds (53).

" The motor tests of personsl tempo yielded three factors: Large
movenents of the truﬂk and limbs (esg. Body-bending, limb-
swinging, symmetrical movements of limbs)j Smell movements

(mainly represented by tapping with arms, fingers, toes and
heels)t Drawing (mainly.”drawihgﬂcircles, sqguares and lines with
bhands erid foet)s Tests of roacticn=time both simple and complex
requiring performence at the subject's maximum speed, were also
included in the battery. All of these grouped on another factor.
Rimoldi (53),conéludes: "If a peneral tompo factor exists, its
influence is very limited due to the existence of definite
~ clusters of spoedess.” |

" The natural or preferred speed of children between
thirteen and fourteen years in Drawing, Computing, Speaking,

N
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Walking and Eatigg.'was investigated by Takala and Fartanen (64).
They obtained & mean intercorrelation of 0.29 for the boys, and
047 for the girlee On Speaking, Valking and Eating only, the
meen coefficient for the boys was .28, and for. the girls, Oob2e
The scores were the overage values of peers' ratings on a five-
point scales These investigontors appear te be in favour of the
hypothesis that "in tasks which are strongly overlearned and
which cccur frequently in daily life" there is & fairly broad
"personal tempo® factot which can be predicted to some extent by
subjective obSer?ation; A o

The foilowing teats, té be performed in the subjects!
 own time, were included by Biesheuvel and Pitt (4) in a battery
for studying the relationship between personal tempo and the
Primeryesecondary function wrisble of temperament: Tapping on &
key, ¥elking, Talking, Writing, Adding, Soming, Pursuit (Tracing
along sinuous printed lines), Drawing ¢rosses on squared paper,
Reprated Letters and Identical Pictures. Other teats were:
Tapping at meximal rate, Progressive Hatrices, ard FEG Alpha=
fraquency. The battery as a whble géve a multiple correlation of
C6) with the criterion of Primary-secondery function, which was
found to be principally related to two kinds of speed toats:
(1) Perceptual: (Bepeated Letters, Os3%5 Pursuit, 0.39)
{2) Hotor: Tapping, fast, 0s313 Crosses, Q.40.

From en inspection of their correlation table, it

- appears that Valking correlates significantly with only two other
variates, namely, Adding (0.29) and EEG Alpha-frequency («0e¢33).
Rimoldi (53), Harrison (36) and Harrison and Dovens (35) likewise,
have found very little connection between walking and other
activities. Tapping also, oppears to be largely unrelated to
most of the other tests, even those ;hich could be expected to
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have an appreciable motor content. The orly exception is &
coefficient of 0.39 between Tapping (fast) end Crosses which
also involves a rhythmic, serial pattern of movement. However,
Tapping correlates more significantly with EEG Alpha=fregquency
than does any one of the other tests, the coefficients being
040 for maximal, and 0.38 for preferred rate. These resulta
afford supporting evidence for the distinctness of the Tapping
-factor, and also suggest that this kind of rhythmic, serial
activity has a strong neurological basiss In view of the ¢corre=
lation of C.31 between Tapping (fast) and Primaryesecondary
function, and'that of O.kb between ELG Alpha=frequercy and
Primary-gecondary function, it may also reflect a persconal charace
teristic with quite a wide temperamental significance. A atudy
on preferred Tapping and Metronome rates by Frischeisen-Kdhler
(29) showed that individual tempgn%heae testa tends to be very
constant in spite of envircnmental chenges, and a compsrison of
the rate-pfeterences of twins,'siblings and unrelated persons,
pointed to the likelihood of some hereditary conditioning.

In iine with the results of Allport and Vernon (2)
who identified distinct tempo group factors of Tapping and
Writing, an average intercorrelation of 0.55 between Writing,
Crosses and Pursuit (Lise tracing) in the table of Blesheuvel
and Pitt (4) suggests a fairly broad “graphological' tempo factor.

As regards the relationship between maximal and pre=-
ferred rate of work at the pame task, Biesheuvel and Pitt found
that in the Cross~drawing teast there was hardly any difference
between the numbers drawn at the preferred and speeded rates.
Between Tapping (Preferred) and Tapping (Fast) they obtained a
significant correlation of 0,52, Harrision (3%6) has reported
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the following correlations between preferred aﬁﬂ maximal rates:
lcard-aoﬂingg'0.17; Thpping.‘O.SS; Writing, O.46; Reading
aloud, C.70; Turning a hand~crank, 0.09; and Fatting knees

with hands, G364 (Mean r for all, 0.37)s Mangan's (43) tabie
shows correlations of 0.45 and 0.50 between fast working and
natural tempo at copying paragraphac On the writer'sz Handlebars
Co-ordination test (16) there was a correlation of 0.77 between
Trial 2, where the need for speed was emphasiged in the instruc~
tions to the subjects, and Trial 3, where they were told to work
at their most natural and,coﬁgenial rate.

It would appear, thot although the extent of overlap
between meximal and preferred rate can vary for different taske,
it is often quite substantial, and much the same specific speed
factor is operative in both, However, the imposition of maxi-
_mal rate nay sometimes introduce some significant element of
temﬁeramental stress. Correletions between maximal and preferred
- rate are very likely boosted through the fact that although sube
jects zre instructed to work at their natural, preferred pace,
they are usually quite aware'that‘their performance is being
timed, and they would therefore be stimulated to some extent by
an implied urgency. Even when the need for extremely cautious
working is emphasized in the imstructions and subjects are told
positively not tb try to work faast, this infiaencé;secms'to be
operative. - For example, Trial I oﬁ Handlebars, preceded by
such instructions, correlates 0s87 with Trial 2 where speed is
stressed. '
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Speed and Accuracy

¥When a task requires both speed and accuracy, is
there'a tendency for the fast workers to be less accurate than
the slow ones, and vice versa? Thorndike (65) gave a test of
arithnotical addition to atudents, and found that the faster
perfornmers were also the more accurates On the other hand,
various mental tests applied by Mudge (48) indicated that there
was very little connection between speed and accuracy; a few
of the quickest subjects were slco the mést accurate, and a few
of the slowest, the most inaocﬁrate. but among the majority there
was no significant relationship. Himmelweit (38) gave four
mental tests and a motor test of Tracketracing to a group of
neurotic patients, and found no relationship between speed and
agcuracy on the mental tests, but a significant negative corre=
lation between these meamsures on the Tracketracer. The results
of Longstaff and Porter (4l1), who investigated the speed and
accuracy of pyschology students in answering multiple-choice
gquestions on genersl psychology, revealed "very littie, if any,
relationship between the times reﬁuired and the stores made in
answering tests of the type herein used.' HMangan (43), who
studied epced and other measures in relation to temperament,
cbtained the following speed/accuracy correlations on three
sansory-motor tests; Dotting, «0,07; Measuremont, 0.02; a&and
Copying, OOl '

Speed/accuracy correlations obtained by the writer
on six teste are given in Table 6, Of these, one (two-hand
co=ordination, Moede-type) is practically zero, and five are
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TABLE 1

Intercorrelations betwoen Mental tests

(Decimal points omitted)

N = 161

3 Arithmetic

4 Mathematioal Ac

Progreszive Matrices
{Raven's)

Mental Alertness

hieve-
ment

Tech, and Scientific

Information

Tech, and Scientific

Comprehension

Aviation Interest Inven-

tory

56
34 | 51
35 |88 |57

o {49 |16 | 34

31 134 (o9 | 24 63 {47

All coefficients, except 0.09, significant at better than
the 5% level.
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TABLE 2

Intercorrelations between Sensory-motor tests.

(Decimal points omitted)

N =161 1| 2| 31 41} 5 (617
Mr-pilots arm=leg Co=ord.

(Accuracy)
Steadiness (Speed) 16a
Steadiness (Accuracy) 228} =10
Hend=foot Reaction

(Learn. Speed) 14 | -08 | 19s
Hand=foot leaction

(Reaction Speed) os| O4% {11 |10
Hand-foot Reaction

{Accuracy) 02 | =04 | 10 | 06 | ~14
Two~hand Co-ord. :

( sccuracy) 14 | =178 07 | 208] 09 | 02
Twowhand Co-ord. (Speed) 4a| 08 | 21a| 20s8|{ 26s] 12} 03

gt implies significange at better than the 5. level,
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TABLE 3
Correlations between Mental tests and Speed
measures on Sensorysmotor tests

(Decimal points omitted)

N » 161 ste‘dt HQF.<R. HOF‘R:] Two" Mean
Speed | Learn.! Reactd hand | »
3peed | Speed | Speed

Progreasive Matrices -03 | 28s | 11 2bs | 15
Mental Alertness | w02 | 258 | 13 | 278 | 16e
Arithmetic 06 | 168 | 14 168 | 13s
Maths, Achievement ok 15 14 238 lhs

Techn. & Secientific Inform. o1 o9 ~0h 14 o5
Tech. and Scientific Comp. «09 178 17s 228 128
Aviation Interest Inventory 00 1% 1k 18s 12s

Mean r 00 18s 1ls 2ls |

Mean » of all coefficients = 0,13, Range ~C.09 to 0.28
Yg" implies significance at better than the 5% level,
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TABLE &

Correlations between llental tests and
Accuracy measures on Sensory-motor tests.

(Decimal points omitted)

L, Air-rilots |Stead. |[H.F.R. |Two=hand |Mean
N =161 A.L.C. Aec. | 2ee, Ace, r
Progressive Matrices 14 258 15 19s 18s
Hental Alertness 11 23s 2s 14 17=
Arithmetie 03 ol o4 ob o4
Maths. Achievemont 09 12 o8 13 lis
Tech, and Sclentific
Information 03 2ls 1 16s 138
Tech, and Sclentific
Conp. 17s 02 15 208 1lis
dviation Interest
Inventory 13 b (o4 11 1ls
¥ean r 10s 1l4s 1lls l4s
Yeca r of 8ll coefficients = C.12 Range 0103 to 0.25

Mg implies significance at better then the 5. level.



TABLE 6

Correlations botween Speed and Accurzcy measures
on Sensory-motor teste

Tects r N P

L Steadiness (Manual) =0 10 | 161 | 0204

Handlebars Co-ordination | -0.,39 { 124 | 0,001

VYariasble C~ordination «0.53 47 | 0.025
Hand=foot Reaction =0.24 | 161 | 0,100
Twowhand Co~ordination

(Moede type) 0.03 | 161 | 0.704
Dote=cancellation* =046 & 1 0,103

* Mainly perceptual.
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Summary and Conclusions

(1) Sensory-motor activity refers to the physical move~

- monts of living organisms, which are never purely mechanical.
Psychologists, educationists and employers of personnel are
mainly interested in the behavioural agpects of directed movee
mentse  The most fundamental directed movements are those of a
gross kind like walking, running, jumping eﬁc;, in which man is
inferior to many othor species. ilowever, he is superior to most
in activities requiring spatial precision.

(2) Although it is useful to make a broad distinction
between groas>and fine activities, all have the quantitative
‘facets of strength, speed and amplitude of movement, and the
qualitative onep of accuracy, action and pacings Much of the
sensory-motor activity of man is concerned with making things and
‘using them. '

v {3) - It is 1ikely that even in carly times certain basic
- facts about human ability were quite well known, euch as the

- .puperiority of come individuals gver others, the comparative

sesrcity of the extremely superior and the oxtremely inferior, the
specificity of certain activities, and improvement through pfac-
tices  In later erasy many homely truths vere obscured or ige
nored by eclaborate philosophical speculation, and only achieved
"seientific™ recognition after the advent of empirical resesrch.

(4) Mental tests tend to intercorrelate quite substantially
wherese sengoryemotor tests whow & comparatively high degree of
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cpecificity. Correlations between lMental and Jencory-umotor
tosts are usunlly very small and positive. The larger relation-
ships sometimes fournd between more complex senscory-motor tasks
zay be due to an overlap of g and/or common perceptual and

notor potternc.

(5) tlhile the correlations between Sencory-motor teats
and conventional lental tests often appear negligible, results
from "mental practice" and other approaches suggest that censory=
motor skillc may nevertheleos have mental concomitants; albeit
of a kind rather specific to the particular task,

(6) Relationships among tents can be influenced by the
coazposition of the test sample. In selected high-grade groups
they are usually smaller than in heterogeneous or low=-grade
groups vhere intellectual and cultural factors play a greater

part .

(?7) Fairly large intercorrelations are usual between gross
sensory-motor activities, and broad, welledefined group factors
have been identified, but there appears to be very little connoece
tion between groes and fine skills.

(8) There is probably no general factor of sensory-motor
ability; group factors are usually much narrower than these in
intellectual fields, and specific faectors tend to predominate.
The theory, originally proposed by R.H.Seashore, that relation-
ships between sensoryemotor activities depend more on the
patterne of movement than on the musculature or sense-modalities
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employed, is supported by the results of the writer and others.

(9) Among those sengory-motor group factors which have
been identified in more than one investigation ares= _(a) Reage
tion~time or Impulsion: Speed in initiating reaction to sensory
stimulations (b) Repidity of ermehand movement: Rapid, dis~
erote movements of moderate extent, precision being minimal,.

(¢) Aiming: Rapid, diecrete movements of a precise kind re-
quirdng eye~hand cosordination. (d)_Tagging: Finger~hand
speed in small oscillatory movements. (o) Steadiness:

Fye~hand co-ordinations where procision or fine muscular control -
is emphasized and speed and strength are minimal. (f) Manuel
dexterity: Rapid.énd controlled manipulations of a more or less
contirnuous pattern involving meinly the hand. (g) Finger
Vdcxteritg= Rapid and controlled uanipulations of a more or less
continuous pattern involving mainly the fingers. (h) Co=
ordination: Directed muscular activity requiring the integrated
movements of several limbs snd/or other body members. (1)
Body~Balance: General postural adjustuent and the maintenance

of equilibriume (j) Spatial relations: The pairing of rese

ponses to stimuli when either set is arranged in a certein
spatial order; the judgmoent of diastance in relation to movement.

(1¢) The extent of overlap between meximal aﬁd preferred
rate of work can vary for different tesks, but it ie often quite
ccnaiderable. wWhile there eppears to be no general factor of
"persanal tempo', it is likely that group factors of this kind
pervade certain clusters of activity, the limits and content of
which ‘have still to be defined,
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{(11) In sensory-motor tasks, correlations between speed
of work and accuracy sre sometiwes zereo, but usually slightly
negative, and more substantial in complex tasks requiring precise

musculer controls.
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AN _APPRAISAL OF SENSORY-MOTOR ACTIVITIES

Abstract

_The voluntary musculsr movements of man are numerous
and diverse. Those of a‘groes'athletic kind where the accent
is on the mobilization of physical energy, tend to intercorre-
late quite highly, whereas others, requiring smaller and more
precise co-ordinations are, for the most part, very specific.

To a varying extent, intelligence enters into all sensory4motor
slidlls, although in some the mental mecompaniment may be of a
rather specific kind not covered by conventional mental testa.
The degree of overlap between sensory-motor activities, whether
of the structured or unstructured sort, depends more on patterns
of movement than on the musculature or Geﬁ;e«medalities employed.
Correlations among sensory-giotor tests and between these and
mentol tests are influenced by the composition of the test
sample. There appears to be no general sensoryerotor factor,
‘tut. the existence of rather narrow grouyp factors hac heen
established with reaconable certainty. It is likely that

thore are also broader group factors of fpersonal tempo.
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SECTION IV

Introduction

In all directed sensory-sotor tasks, perceptual factors
(usually visual, but sometimes also suditory, kinsesthetic, or
tactile) play a significant part. Porcoption is the vital
terminal coupling in the sensory chain that links the organiem
with external reality. VWithout perception the performance of
successful direoted activities is impossible, because there can
be neither proper awareness of the requirements of the practical
situation nor adequate "feed-back" after motor responses to
indicate whether they have been successful or not.

In some activities, however, motor responses are of
comparatively alight or even negligible importance, and the
principal factors are perceptual, as, for example, in radar-screen
observation for air-traffic control and interception froa ground
stations., The first instrument described in this section, a
Locus~estimation Test, was specifically designed to teat candidates
for this vocation, and can be administered to individuals or to a
small group of up to six at once.

The second apparatus, a Cancellation Timer, is not a ""test"
in itself, but actually & basic instrument for the standard
sdministration of various printed Cancellation tests, when it is
desirable to obtain a fairly accurate tims measure for each line
completed. Cancellation provides a simple perceptual-motor
activity that has been found useful for measuring “sustained
attention" of the kind required in many routine taaka.lpnrtiéulariy
of a clerical .nature. The perceptual element in recognizing

304



items that have to be cancelled 4is more importait than the
repetitive motor response of making pencil-strokes through them.

Technical details of the Cancellation Timer are followed by
an account ¢f a Dots~cancellation test administered to air-pilot
candidates by means of this apparatus. ’

The third apperatus in this section, a Dual-purpose "Fall"
Tachistoscope, is likewise, not a test in itsélf, but a basic
device for administering various tests requiring the presentation
of either moving or stationary visual stimuli for short pericds.

After a full description of the techniocal aspscts, an account
is given of tests of Speed of Perception and Span of Attention
administered with the apparatus to aire-pilot candidates.
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A LOCUS-ESTIMATION TEST
D. R. DE WET

(Received 24th November, 1958)

The steady advance in Radar technology,

particularly that branch concerning the re-.

mote observation and control of flying
objects from ground stations, has secured it
a position of world-wide importance, both
as a versatile navigational instrument in peace
time and a formidable defensive and aggres-
sive weapon in war.

At civilian aerodromes, during bad weather
conditions when physical visibility is in-
sufficient for the pilot of an incoming aircraft
to determine his exact bearings, he has to
rely on information from the control-tower,
where his course and position in relation to
the terrain are represented by a moving
light-spot or “blimp” on a calibrated screen.

At military stations during periods of
national emergency, the radar light-spot serves
as a means of identifying the course, position
and probable destination of an enemy aircraft
or missile, and (time permitting) enables
appropriate action to be implemented. This
gives rise to a double situation, portrayed on
the radar-screen by two moving light-spots,
one representing the enemy object or “target,”
and the other the pursuing “interceptor.”

Basing their calculations on this “screen-
picture” and making the necessary correc-
tions and modifications as it changes, the
ground-control personnel strive to guide the
pilot of the interceptor to a coign of vantage
from which he can destroy the target most
promptly and efficiently.

The precise form of this optimum strategic
appropinquity will depend on how the pursuit
develops, but in all cases it should be attained
as soon and directly as possible, because the
interceptor-machine may have little or no
superiority over the target in point of speed
and the latter could reach its objective be-
fore preventive measures are really practic-
able.

Although lacking much of the traditional
“glamour” popularly associated with fighter-
pilots, the role of the ground interception
staff has come to be so vital in national
defence that certain countries have en-
couraged some of their most experienced
pilots and navigators to withdraw from active
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flying and devote themselves to this section
of the Service.

It is also considered well worth while that
selection for suitability in this occupation
be carried out to the best of available testing
resources and knowledge of the job require-
ments.

Actual radar-screen observation consti-
tutes only one aspect of the activities involved;
there are many others, calling for ability in
such matters as navigation, administration,
electronics, meteorology, aerodynamics, the
potentialities and limitations of different air-
craft and missile types, and the wide cognate
field of tactics in modern aerial combat.

Test Purpose.

It is not the intention here to attempt a
detailed enumeration of aptitude tests which
have been applied with varying success to
cover these diverse facets of ground-contro:
work, or a discourse on the cognitive acuity
and dispositional crasis most adapted to this
occupation as a whole.

The description that follows relates to a
piece of fairly simple equipment designed to
incorporate some of the elements more
specific in radar-screen observation.

Orientation tests of a static nature have
shown validity in this respect; it was con-
sidered, however, that the battery might be
usefully supplemented by a dynamic test
in some ways more closely resembling
practical conditions. Three main features in-
cluded are: Distribution of Attention, Judg-
ment of movement and direction, and the
Spatial fixation of bearing-points.

This Locus-estimation Test may be ad-
ministered to individual subjects or to a small
group of up to six at once.

Procedure.

Subjects are seated at a distance of
approximately eight feet from a translucent
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LOCUS-ESTIMATION TEST. PLATE 3 SETTING SYSTEM ETC.
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LOCUS-ESTIMATION TEST.  PLATES  CIRCUITS.
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Locus-estimation compared with other tests

applied tg'gyeund~contro;(interceptor,aperators

In addition to the Locus~estimation test, the experimental
battery applied to Air-force G.C.I. operators included Mental
 Alertness, Progressive matrices, Personality Assessment and three
pictorisl pencil-andepaper tests specifically devieed by the
qual'ﬁir Force for selection in this vocation. The latter
‘tests, called respectively, "Tables and Graphs", “Angles, .
Bearings and Directions", and "Ships", presented disgrammatic
problems relating ta'vations aspecta of elementary navigation. |

The intercorrelations cbtained between the tests (excluding
Personality Assessment) ar§ given in Table 1. Among the five
intéllectu;l tests, the correlations are mostly high, and all -
" significant at better than the five percent level. Mental
Alertness, (Mean r, 0.57) chows the widest overlap with other
teats, -Lécns-astimation. which ia mainly pereeptual and the
only apparatus test in the battery, is also the most specific,
with the smallest Mean r of O.41. = Its closest relationship is
" with the "Angles, Bearings and Directiona" test (r, 0.53) which,
toa conéiderable extent also inyolved the estimation of loci,
but in static situations.

Table 2 gives the correlations obtained between test scores
and achicvement on the job in terns of.khe.percentége scored by
candidates in practical examinations after training hod proceeded
for two months. B ' o

The best individual predictors of occupational success would
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appear to be the two inteiligence.tests and the R.A.F. "Tables
and Graphe' test, which are all aignificant at the'one percent
‘level. Then follow the R.A.F. "Angles, Beerings and Direction¥
test and Jocus-estimation, respectively significant at the five
and seven percent levels. Personality Assesswent and the R.A.F.
"Ships" test have the smallest coefficients, which do not reach
the 10% level of significance.

A multiple correlation of 0.74, significant at the five
percent level, was obtained between the tests and the occupational
eriterion. ' ' :

In thie battefy, thé two intelligence tests, n#mély;
Frogressive Matrices and Mentsl Alertness, were found to carry
major weights (C.U16 and 0.375 respectively), probably because
the vocation of the ground-control,1ntercept6r operator, whilg
"proctical™ in certain respects, involves many theoretical
subjects like General Knowledgé. Electronies.'ﬁeteorology and
Navigafioh, and is therefore primarily intellectusl. .The R.A.F.
"Tables and Graphs" test, and Locus-estimation had weights of
0.181 and 0.115 respectively. The weights of the other two
R.A.F. tests were negative, namely :

“Shipa", <0.261; "Angles, Bearings and Directioms”, =0,005.
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Detailed accounts of research done on the G.C.1I. operators
are given in the following :

(1) EAMFER, L. Selection of Ground Control Interceptors
(G.C.1.). A validation study of the N.I.P.R. test
battery with Part II of the G.C.I. training course.
Internal Report, 1956.

(2) TrOMP, J. Selection of South African Air Force
fighter controllers. Psychol. Afr., 1962, 9, 67-71.
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A LOCUS-ESTIMATION TEST
D. R. DE WET

(Received 24th November, 1958)

The steady advance in Radar technology,
particularly that branch concerning the re-
mote observation and control of flying
objects from ground stations, has secured it
a position of world-wide importance, both
as a versatile navigational instrument in peace
time and a formidable defensive and aggres-
sive weapon in war.

At civilian aerodromes, during bad weather
conditions when physical visibility is in-
sufficient for the pilot of an incoming aircraft
to determine his exact bearings, he has to
rely on information from the control-tower,
where his course and position in relation to
the terrain are represented by a moving
light-spot or “blimp” on a calibrated screen.

At military stations during periods of
national emergency, the radar light-spot serves
as a means of identifying the course, position
and probable destination of an enemy aircraft
or missile, and (time permitting) enables
appropriate action to be implemented. This
gives rise to a double situation, portrayed on
the radar-screen by two moving light-spots,
one representing the enemy object or “target,”
and the other the pursuing “interceptor.”

Basing their calculations on this “screen-
picture” and making the necessary correc-
tions and modifications as it changes, the
ground-control personnel strive to guide the
pilot of the interceptor to a coign of vantage
from which he can destroy the target most
promptly and efficiently.

The precise form of this optimum strategic
appropinquity will depend on how the pursuit
develops, but in all cases it should be attained
as soon and directly as possible, because the
interceptor-machine may have little or no
superiority over the target in point of speed
and the latter could reach its objective be-
fore preventive measures are really practic-
able.

Although lacking much of the traditional
“glamour” popularly associated with fighter-
pilots, the role of the ground interception
staff has come to be so vital in national
defence that certain countries have en-
couraged some of their most experienced
pilots and navigators to withdraw from active

306

flying and devote themselves to this section
of the Service.

It is also considered well worth while that
selection for suitability in this occupation
be carried out to the best of available testing
resources and knowledge of the job require-
ments.

Actual radar-screen observation consti-
tutes only one aspect of the activities involved;
there are many others, calling for ability in
such matters as navigation, administration,
electronics, meteorology, aerodynamics, the
potentialities and limitations of different air-
craft and missile types, and the wide cognate
field of tactics in modern aerial combat.

Test Purpose.

It is not the intention here to attempt a
detailed enumeration of aptitude tests which
have been applied with varying success to
cover these diverse facets of ground-contros
work, or a discourse on the cognitive acuity
and dispositional crasis most adapted to this
occupation as a whole.

The description that follows relates to. a
piece of fairly simple equipment designed to
incorporate some of the elements more
specific in radar-screen observation.

Orientation tests of a static nature have
shown validity in this respect; it was con-
sidered, however, that the battery might be
usefully supplemented by a dynamic test
in some ways more closely resembling
practical conditions. Three main features in-
cluded are: Distribution of Attention, Judg-
ment of movement and direction, and the
Spatial fixation of bearing-points.

This Locus-estimation Test may be ad-
ministered to individual subjects or to a small
group of up to six at once.

Procedure.

Subjects are seated at a distance of
approximately eight feet from a translucent
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Plate 1 Locus-estimation Test

screen divided up into squares with numerical
references falong the top horizontal axis and
letters down the left vertical axis. (Plates
1 and 2.) '

They aré each supplied with a board on
which to write and an answer sheet having
columns of blank spaces labelled one to fifty.

The following instructions are then read
out: : o

“This is a test of your ability to judge the
spatial -and directional relationship between
two' objects moving at a constant speed but
at wvarious angles to each other. '

- “The objects are represented by two spots
of light which will move concurrently across
the screen at an angle to each other, one from
the right and the other from the left.

“They will travel for a certain distance
and then disappear. Your task is to estimate
in which square on the screen their respec-
tive courses will intersect. You must imagine
the lights as continuing in their courses until
the one cuts across the course of the other.

The course of each light is always a straight
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line and the point of intersection is always in
some square on the screen.

“Squares are identified on your answer.sheet
by the appropriate letter and number—B4,

L13, etc.
A buzzer will sound a warning just before

the lights come on, and again after the end of
each trial.

You have three trials to illustrate the
procedure. Here is the first. (Demonstration
and answers given.) N21,B10, J21.

Now we start the test proper. On your
answer sheet, as we do each trial, write down
the name of the square where you judge
the light courses will intersect. The correct
square will earn the highest score in each
case, but some credit will also be given for
answers which deviate within limits.”

When the observer is satisfied that all

subjects understand exactly what is required,’

the two radius-rods at the back of the
apparatus-case (Plate 2) which were set three
times at certain -pre-selected positions on
their respective arc-strips X and ‘Z for the
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three demonstrations, are again set for the
first stimulus presentation of the test series
and the apparatus started just as it was for
the demonstrations,

While subjects are writing down their
answers, the radius-rods are re-set to give
the next combination on the observer's list,
and when everyone is ready this is presented
in the same way; as are the remainder of the
fifty items.

Scoring.

Originally credit was given only for identifi-
cation of the correct square in which the
imaginary continuation of the two light-loci
would intersect.

It was found, however, that a much better
distribution of performance resulted from
a system of graded scoring.

Accordingly, three points are given for
naming the correct square or “bull’s-eye”;
two points for any one of the surrounding
eight squares; and one point for any one of
the outer sixteen squares.

Experimental Finding.

The test was administered to 21 candidates
for ground-control interception duties in the
S.AAF.

Taking as the criterion a final percentage
rating of the pupils by their instructors based
on competence in several practical intercep-
tions during training, a Product Moment
Correlation of .4 significant at the 7% level,
was obtained.

The degree of difficulty experienced in
identifying the intersection-points of the
various pairs of light-loci, was found to depend
considerably on the angle of approach in a
given combination. Being easiest when the
approach of one locus towards the other
most nearly resembled a right-angle, it became
most difficult in the nearly ‘“head-on”
approach.

A similar pattern of relative difficulty is
recognised and accepted by screen observers
in actual interception work.
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Functioning Principle.

At first various mechanical methods of
imparting motion to the light-spots were
tried, but with little success. The least un-
promising of these was the propulsion of two
lamps along rails by long revolving rods with
spiral groves; the angles of the two sets of
rails and rods being adjustable in relation to
each ‘other to give the different approaches.

However, difficulties encountered in main-
taining synchronisation of the two stimuli
and also in getting them back to zero after
each presentation without much delay and
fumbling, and the risk of subjects perceiving
settings beforehand, led to the abandonment
of this method likewise.

Finally a simple appearance of motion like
that extensively used in the illuminated ad-
vertising industry, was found to give satis-
factory results. This is the well-known visual
Phi-phenomenon, where an illusion of direc-
tional movement is imparted to stationary
stimuli when they are presented successively
in neighbouring positions.

Plates 4 and 5 explain the utilization of
this principle in the Locus-estimation Test.
Instead of two moving light-spots, there are
two bars, each having twelve stationary bulbs
mounted upon it at equal distances. Succes-
sive illumination of the bulbs by a simple
motor-driven distributor produces the sem-
blance of a single light moving along each
bar.

Mechanical Construction.

The Opal-glass screen, with numbers,
letters, and graticule-lines scribed on the
front or subject’s side in matt-black lacquer,
is supported by a rectangular wooden case.
(Plates 1, 2 and 3.)

Midway inside the vertical ends (Plate 3),
are located the pivot-mountings for shafts .
carrying the “light” bars and radius-rods by
which these bars may be set at the different
angles.

A back-board, removed in Plate 3 to show
arrangement of components inside the case,
is essential, because by reducing general
illumination inside it ensures that subjects
see only the light-spots, and no shadows or
outlines of the bars which could divulge
settings prematurely.
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LOCUS-ESTIMATION TEST. PLATE 3 SETTING SYSTEM ETC.
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LOCUS-ESTIMATION TEST. PLATE 4 LIGHTS & DISTRIBUTOR.
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Both setting-systems, each consisting of
its radius-rod with spring-loaded knob and
perforated arc-strip (Plate 3) are situated
outside on the back-board (Plate 2) and the
perforations numbered legibly for convenient
identification by the observer in making the
settings.

In compiling a stock-list of the appropriate
paired settings on X and Z for each of the
fifty presentations and also the three ex-
amples, procedure was as follows:

Two points were marked on the main

front frame so that they corresponded to
theoretical extensions of the shafts carrying
the “light’ bars. With these points serving
as pivots for two lengths of string, and the
first -and last bulb on each bar kept alight

as indicators for aligning the bars with the -

strings, only such combinations of radius-
rod settings were selected which gave in each
case an intersection point of the loci well
within some square on the screen.

Settings that produced intersection-points
on the boundaries of squares were not
accepted for the list.

It will be noted in Plate 4 that only a
small round area at the end of each bulb
is used for illumination. This is to obtain
concentrated spots on the screen and also
prevent superfluous lighting inside the case.

Electrical Circuits.

As shown in Plate 5, two small bell-trans-
formers of the ordinary domestic pattern
supply 6-volt current for the bulbs and
buzzer. However, a single transformer of a
larger type would serve as well.

Corresponding bulbs on each bar are wired
in parallel and the pairs are energised through
single contact-studs on the distributor.
Synchronisation is thus positively 'maintained.

A micro-switch of the normally closed
kind is arranged to switch the motor off
automatically after each revolution. For
starting purposes there is a manual switch
in a loop by-passing the micro-switch.

The sound of the buzzer just before a
presentation, in addition to warning subjects,

informs the observer that the distributor-
rotor has cleared the micro-switch, and the
manual switch marked “Start” must be re-
turned to its “Off” position. If this is not
done the motor will not switch off automatic-
ally when the rotor engages the micro-switch
again.

Summary and Conclusions.

(1) An apparatus-test designed primarily to
assist in the selection of radar-screen
observers for interception-control work,
is described and discussed.

(2) In a preliminary study on a sample of 21
it yielded a correlation of .4 with the
operational criterion.

(3) The functioning principle should be
applicable to other laboratory equipment
in the field of visual perception where an
easily controlled apparent movement is
required.

(4) It must be stressed, however, that this
adaptation of the Phi-phenomenon does
not provide a perfect succedaneum for
actual continuous movement.

On the apparatus described, with the
time intervals approximately .4 of a
second and the bulbs spaced one inch
apart, some residual saltation in stimulus
progression is inevitable. If it is thought

. necessary to reduce this, then closer
spacing of the bulbs or a higher rotor
speed, or both, should effect an improve-
ment.
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TABLE I

' Intercorrelations between tests

(Decimal points omitted)

N=21

1 2 3 4 5

Mental Alertness
Progressive Matrices { 53
Angles, Bearings and | 60 Ls

Directions
Tebles and Graphs 60 60 61
Ships 63 55 57 46
Locus-estimation 48 32, | 53 38x 32

Mean r 57 4o S5 53 51

"x" implies that significance does not reach the 5% level
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TABLE 2

Correlations between tests and
occupational criterion

Na=2l r P
Fental Alertness 0459 0.0
Progressive Fatrices 0.61 , 0.01

Tables and Graphe . 0.58 | C.0

Angles, Bearings and

Directions 043 0.05
Locus~eati{mation 0.4C 0.07
Ships ' 0.32 > 040

Personality Assesssent 0.26 - > 0.0
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A CANCELLATION TIMER
D R: DE WET

(Recelved 5th Apn] 1957)

Many Cancellatxon Tests such as the Wood-
worth-Wells “Letters and Numbers” and others
using grouped :dots or geometrical symbols are
most conveniently administered as group tests
to a large number of subjects at once, time being
a constant and performance measured An terms
of quantity of matter handled by each subject.

For certain types of investigation, however,
. such as those in which fluctuations in perform-
ance have to be measured, it has been found
“necessary to administer cancellatmu tests to
the subjects individually so as to secure a separate
time measure .for each line of stimuli. :

The method whereby the observer uses a
stop-watch has beén found unsatisfactory on
account of the difficulty of judging the precise
- moment when the subject is satisfied in his own
mind ‘that he has completed the requisite can-
cellations.on a line of stimuli.

" time himself on each hne is necessary.

Some other means, enabling: the subject to
But this
should be of such a s1mple nature that it entails
the minimum of effort distracting to. hJS can-

“cellation task.

General Description. _

This timer device is an attempt to fulfil both
the above requirements and appears on test to
be successful. The additional task imposed on
the subject is very slight. He uses a metal
propelling pencil and touches it against metal -
strips bounding the ends of the lines. It is a
simple routine which presents no difficulty to
normal subjects.

The distance between the two strips is adJust-
able for different sizes of stimulus sheets, -
enabling the strips to be set up close to the ends
of .the lines and clamped in position. The
apparatus consists of two table units :— -



(a) A control-box housing the relays, buzzer
and transformer and forming a mounting
for the clocks.

(2) A lectern with a hinged frame to hold the
stimulus sheet (Figure 1 and 3).

The top and bottom members of the frame
are of non-conducting material such as bakelite
and the side strips of metal. Recessed into the
inner side of* the lower bakelite member is a
short metal strip marked “Stop”.

Recording.

Recording of the subject’s time period in the
cancellation of the stimuli along the lines is
done on two ‘Standard’ clocks (Type S-6,
1/1000ths of a minute), alternately for each
successive line. While the one clock is running
the observer takes down a reading from the
other stationary clock.

On starting cancellation along the first line,
the subject touches the left-hand metal strip
with the metal side of his stylus. This brings
clock No. 1 into operation. At the end of the
line the right-hand metal strip is touched in a
similar way ; this stops clock No. 1 and starts
clock No. 2 which records while he cancels back

along the second line. On contacting the left-
hand raetal strip at the end of the second line,
clock No. 2 is stopped and clock No. I started
again to record cancellation along the third
line, and so on alternately. When he has com-
pleted cancellation on the last line of the page,
the short metal strip marked “Stop” on the
lower frame member is touched with the stylus;
which switches off both clocks and sounds a
buzzer to apprise the observer that a trial is
over and the main switch may be turned off.

Electrical Circuit.

The ‘cut-out’ system and the alternate transfer
of recording to the clocks, utilize the principle
of the ‘hanging-in’ relay. Referring to the
wiring diagram (Figure 2), it will be seen that
three separate double-pole-double-throw relays
are employed, one each relating to a clock and
one being the ‘cut-out’.

A transformer supplies 6 volts A.C. to the
clock clutches, relay solenoids and buzzer. The
clock motors work directly off 250 volts A.C.
When the main switch is put on the clock motors
start and the transformer is potentialized but
all three relays stay in the unenergised position
and likewise the clock clutches.

Relays are shown here in

the'un-energized position
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With the ‘cut-out’ relay B in this position
there is continuity from the one 6 volt trans-
former pole forming the common line to the
two clock clutches and the solenoids of the
two ‘clock’ relays A and C. The common line
from this 6 volt pole to the solenoid of the
‘cut-out’ relay B and the buzzer is direct from
the transformer and always has continuity,
irrespective of whether the breaker points of
relay B are closed or open.

The other 6 volt pole on the transformer is
coupled to the stylus and one ‘arm’ contact on
each relay, the function of which contact in
each case is a dual one. When a relay is
energised, the ‘arm’ contact transfers power to
its own solenoid, causing it to ‘hang in’ and at
the same time transfers power, in the case of
relays A and C to their respectlve clock clutches,
and in the case of relay B, to the buzzer.

Now in each relay where one ‘arm’ section
makes contact to the relay solenoid and one
outside solenoid (clutch or buzzer), the other
‘arm’ section breaks a line of continuity.

In relay A, the break cuts off the power to
the ‘hanging-in’ system of relay C. In relay C
the break cuts off the power to the ‘hanging-in’

system of relay A. In relay B the break cuts
off the power to all 6 volt solenoids except the
solenoid of relay B and the buzzer.

The relays A and C thus work reciprocally.

Contact between the stylus and the left-hand
metal strip energises relay A and causes it to
remain ‘hanging in’ when the stylus contact is
broken. Also via this ‘hanging-in’ circuit,
power is fed through to clock clutch 3.

Contact between the stylus and the right-hand
metal strip energises relay C which ‘hangs in’,
breaks the ‘hanging-in’ circuit of relay A, de-
energises clock clutch 3 and energises clock
clutch 4. When the left-hand strip is contacted
again, procedure is vice versa.

When the ‘Stop’ strip is contacted, relay B
comes into operation, ‘hangs in’, sounds the
buzzer and severs the common to the clock
clutches and the solenoids of relays A and C.

The ‘hangmg-m circuit cf relay B is broken
when the main switch is turned off.

Acknowledgement.
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Reprinted from “ Psychologia Africana,” Volume 11, 1965.

PsYCHOLOGIA AFRICANA, 1965, 11, 27-39 27

SOME ASPECTS OF PERFORMANCE IN A CANCELLATION TEST
D. R. b WET

A Dots-cancellation test, purporting to measure ‘sustained attention’, was
administered individually on a special timing devicé to a group of air-pilot candi-
dates. Material and procedure are described. Results are discussed in relation to
internal consistency, validity, correlation with other tests (intellectual, perceptual
and sensory-motor), the kinds of error made, the effect of practice and the
structure of the performance curves obtained with sub-groups of subjects who
were respectively, good, middling and poor at the initial stage of the test.

Cancellation provides a simple perceptual-motor activity that has been found
convenient by Piéron (14), Bugnion (3), Wiersma (18) and others for the
measurement of ‘voluntary attention’, which Bugnion (3) regarded as a sus-
tained discriminative task where the satisfaction is deferred, as distinct from
¢ spontaneous attention’ where the satisfaction is immediate. If this distinction
is acceptable, it would be better to substitute the term °sustained’ or °con-
tinuous * for ‘ voluntary’, because volition obviously plays an important part in
both these functions of attention. _

The motor element in cancellation involves no more than the repetitive
activity of making pencil-strokes across printed items, and while there are
undoubtedly individual differences in the time taken to perform this simple move-
ment, its contribution to the total variance is probably less than that of the time
taken in the perceptual activities of scanning the items and recognizing those that
have to be marked. The task seems, therefore, to be rather more °perceptual’
than  motor ’.

For general application, tests requiring the cancellation of abstract items
such as directional signs, geometrical shapes, or groups of dots, are usually pre-
ferable to those where the items consist of standard symbols like letters or
numbers, with which certain subjects are more familiar than others, as occurs
very markedly in samples that are culturally heterogeneous,

A Dots-cancellation test, compiled by Dr. C. M. Mooney of Toronto, on
the lines of a similar test used by Wiersma (18), who stated that he * prepared
it from a medel in an English periodical ”, was applied experimentally to a
group of air-pilot candidates for the South African Air Force. The main objects
were, to investigate: (a) Whether such a test of °sustained attention’ had any
useful potentiality for the prediction of success in learning to fly; (b) Its internal
consistence; (c) Its relationship to certain other tests; (d) The effects of practice
on speed and accuracy; and (e) The relationship between speed and accuracy.

The present, preliminary study, is confined to forty of the candidates who
were selected on the basis of other tests to undergo flying training.

Material and Procedure

The Dots-cancellation test-form consists of a sheet of paper 14” x 9” on
which 1350 small groups of dots are printed in 45 parallel lines of 30 groups
each, both vertical and horizontal spacing between the ¢ mid-points > of the groups
being approximately a quarter of an inch. Each group is composed of three,
four, or five dots; the sequence of the groups along the lines is irregular, and the
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28 D. R. pE WET

patterns in which the dots are arranged, vary considerably. The first five 11nes,
which are pretty representative of the whole test, appear thus:
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It should be mentioned that there is a group of six dots, the only one of its
kind in the whole test, at the beginning of line thirty-three; whether this was
accidental or intentional on the part of the compiler, is not known.

In order to obtain accurate measures of the time taken to complete each line,
the test was administered individually on the Cancellation timer (6), an apparatus
designed specially for this purpose. The test-form is placed under an open
rectangular frame of which the two long sides consist of straight metal strips
adjusted so that the one is close to and parallel with the left-hand ends of the
lines, and the other, the right-hand ends. At the lower edge of the frame, there
is a short metal inset marked * Stop .

Time, in thousandths of a minute, to complete successive lines, is recorded
alternately on two clocks, which stop and start in turn as the subject touches the
strips with the end of his pencil. While the one clock is running, the observer
notes the reading on the other and sets the hands back to zero. After completion
of the last line, contact between the pencil and the inset marked “ Stop ” switches
off the current to the clocks and sounds a buzzer.

Instructions to the subject were as follows:

“On this paper there are various groups of dots. You must put a stroke
through every group of five dots. '

“ Using this pencil in the hand with which you normally write, you touch
it first against this metal strip (demonstrate) and then cancel each group of five
dots along the line. As soon as you reach the end of the first line, you touch
this metal strip (demonstrate) with the side of the pencil and then come back
along the second line (demonstrate) putting a stroke through each group of five
dots. As soon as you reach the end of this line, you touch this metal strip again
(demonstrate) and then you go out again in the third line in the same way, return
on the fourth, and so on all the way down. Each time you reach the end of the
line you must touch the metal strip.

“ There is one thing' I want you to try to remember. When you reach the
end of the last line, don’t touch this strip as you have been doing, but touch this
one marked ‘ Stop’ (demonstrate). Work as quickly as you can and try not to
miss out any of the ‘ five-dot ’ groups or cancel any of the other groups ”. (The
subject is arranged so that he sits comfortably and has the lectern holding the
test-form at the distance and angle he finds most suitable.)

“You may begin!”
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PERFORMANCE IN A CANCELLATION TEST 29

Results and Discussion

. Reliability

As indicated by the split-half correlation coefficients in Table 1, the internal
consistency of the Time measure is high and that of the Error measure, although
considerably lower, still acceptable. The two kinds of error, namely, omission of
items that should have been cancelled and wrong cancellation were combined
here, for neither kind occurred very often. It is to be expected that ‘ Error’
should be less reliable than ‘ Time’, because errors are comparatively rare
events and therefore more subject to the vagaries of chance. (The ratio of error
to correct response is about 10:1340.)

Table 1

Product-moment correlations between
first and second half of the test

Time | Errors

Uncorrected .. 0-93 0-61
Corrected - .. 0-96 0-76

This is also the main reason, why, in Table 2, the distribution of ¢ Error’
scores, either separate or combined, is of the Poisson rather than the normal
type and the SD’s of these scores (Table 3) are about as great as the means.
In both the  Time’ and ‘ Error’ distributions there is the inevitable irregularity
characteristic of small samples. ‘

Table 2
Frequency distributions of Time and Errors
“'TIME ERRORS -
Wrong Omit. Total
Minutes N Cancel. Cancel. | Wr./Omit.
0 1 1 1
8:3—9-3 1 1— 3 25 13 3
9:4—10-4 6 4— 6 9 9 12
10-5—11-5 6 7— 9 3 10 3
11-6—12-6 12 10—12 1 3 8
12-7—13-7 5 13—15 0 0 8
13-8—14-8 7 16—18 0 0 0
14-9—15-9 2 19—21 0 2 0
16-0—17-0 0 22—24 1 2 0
17-1—18-1 0 2527 0 0 3
18-2—19-2 1 28—30 0 0 2
= 40 40
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' Referring to Table 3, it will be seen that errors of omission in cancelling
five-dot groups occurred nearly twice as frequently as wrong cancellations of other
groups. Behaviourally, wrong cancellation is the more °serious’ error, for
omission means only incorrect perception, whereas wrong cancellation means
incorrect perception confirmed by the closure of a misplaced motor response. In
life generally, there is the analogy that sins of omission are usually less serious
than sins of commission, but occur more often.

As could be expected, wrong cancellation was done more frequently on four-
than three-dot groups. There is a small positive correlation between the two
kinds of error which on the present sample does not reach the five percent level
of significance.

Table 3
Means of the two measures of error
| Error Mean | S.D. | P of Diff.
Omitted Cancellations .. 6-8 56
Wrong Cancellations .. | 3-8 3-9 <<0-003

Product-moment correlation between the two measures
of error: 0-21 (Not significant) -

Improvement in Performance

. Comparative improvement in speed and accuracy of work, as reflected by the
differences between the respective means for the first ten lines and the last ten
lines of the test, is shown in Table 4. Improvement in speed is very significant,
and the graph (Figure 1) is a fairly typical learning curve, steep during the early
stages of the task and then progressively more gentle. The curve would have
been smoother, were it not for the fact that the number of five-dot clusters to be
¢ancelled in each line varied from eight to thirteen, the average for the forty-five
lines being 10-6. While it' was not thought worthwhile to compute significance
levels, there seems to be a positive relationship between fluctuations in the curve
and the number of items to be cancelled. The five main upward fluctuations at
lines 7, 15, 21, 32 and 40, relate respectively, to 11, 12, 9, 10 and 8, items;
and the five main downward fluctuations at lines 8, 16, 22, 25 and 34, to 12,
13, 11, 12 and 11, jtems. Three of the former group involve less than the average
number of items, and all the latter, more than the average. In a cancellation test
of this kind, variatian in the number of cancellable items per line has the advantage
of preventing the subject from checking his responses by counting to ensure that
the fixed number has been made in each line, but otherwise it is undesirable, as
fluctuations in performance relating to more interesting factors like fatigue and
vacillation of attention, become obscured.
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Table 4

Improvement in speed and accuracy between
the first and last ten lines of the test

Measure Mean S.D. |t of Diff.
Time (Mins.)
Firstten .. | 3-17 0-52 15-52
Last ten .. 251 0-46
Omit. Cancel. : :
Firstten .. | 1-93 2:28 1-50
Last ten .. 1-40 1-57
Wrong Cancel.
Firstten .. | 0-58 0-59 1-07
Last ten .. 0-78 1-48
Wr./Omit.
Firstten .. | 2-48 2-48 0-72
Last ten .. 2-18 2:26
225 [N RN AN EN NN RN N RN NN WA e |
. »
I C
250 .
275 -
300 -
325 -
5 Means of whole sampie min. [
3507 o N=40 Iy
375 E
] Line completed C
400 lllllvllvlllll]FTII'llll'1|vl|llll|llll]lTll[

1 5 10 15 . 20 25 30 35 40 45

Figure 1. Average time in thousandths of a minute taken by the whole test sample to

cancel the items in each of the forty-five lines (300/1,000 of a min. = 18 seconds).

The test sample as a whole showed no improvement in accuracy of perform-
ance. In neither omission, wrong cancellation, nor both combined (Table 4) is
there any significant difference between the mean of the first ten lines and that
of the last ten lines. A graphic representation of the frequency of the two kinds
of error is given in Figure 2. The general preponderance of omissions over wrong
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cancellations is obvious, but at line thiry-three, on lthe ¢ wrong-cancellation > pro-
file, there is an interesting anomaly. As mentioned previously, the first item
in this line consisted of a cluster of six dots, the only one of its kind in the whole
test. Although the instructions emphasized that only five-dot items should be
cancelled, thiry-nine of the forty subjects cancelled this one. Evidently, the
solitary subject who avoided the snare did not do so merely by good luck, for he
was the rara avis (Table 2y who made no error at all, either of omission or wrong
cancellation. :

lllllllIlllllIlllll'Illlllllllllllllllllljlll

40- Frequency of Errors »

; (Whole sample N=40) -
35 { o

. !
o] 0= Omissions. :
30 _ _

i W= Wrong cancellations. X
25 .
. X 3
o] Errors [
20— y .
15+ , o
' N ] o
10 _
5 o

0 'l'I'llll[llll'IIIT'I'VIllllT'lllr'll'll‘lll'

1 5 10 15 20 25 30 35 40 45

Line completed
Figure 2. Frequency of the two kinds of error, namely, omissions and wrong cancellations,
made by the sample as a whole in each line of the test.

It is likely that more than one influence contributed towards the deceptiveness
of the six-dot item. Perhaps the most significant Was the element of expecta-
tion’. The possibility of there being an item of {more than five dots was not
mentioned in the instructions, and progress through the greater part of the test
reinforced the notion that five was the maximum. Secondly, after a certain
amount of practice, subjects would tend to given less attention to individual dots
composing an item and more to the density and area of the overall gestalt, which
afford quick indications of items that have lots of 'dots. In effect, the emphasis
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is transferred from the °five-dot’ criterion to the more general principle of
reacting whenever there are “lots of dots ”

Validity

As shown in Table 5, neither speed nor accuracy of performance in the Dots-
cancellation test is related to success or failure in learning to pilot aircraft. The
mean test scores of the eight subjects who were suspended because of poor flying
ability are not significantly different from those of the thirty-two who succeeded
on the course. There was no difference either, between the proportions of
Successes and Failures who forgot to touch the inset marked “ Stop ” at the end
of the test. Exactly one-quarter of either group omitted to carry out the instruction.
Nor does rate of improvement in Dots-cancellation as reflected by the difference
between performance in the first and second half of the test, relate to performance
on the flying course. Sustained attention of the kind measured by this rather
‘clerical * test is apparently unimportant in the highly practical vocation of the
air-pilot.

Table 5
Dots-cancellation and Flying Training
Successes: 32 | Suspensions: 8
Measure

Mean S.D. Mean S.D.
Total Time .. 12-4 2:0 12-3 1-4
Omitted Cancellatlons .. 6-9 5-2 64 7-3
Wrong Cancellations .. 3.7 4-2 4-1 2-9

No significant difference between means

Correlations with other tests

Correlations obtained between the Dots-cancellation Test and certain other
tests, intellectual, perceptual, and sensory-motor, are given in Table 6. Speed of
cancellation is moderately associated with both speed of work and error-proneness
on Moede-type Two-hand Co-ordination, and speed of work, only, on Serial
Discrimination (finger responses on a keyboard to visual stimuli) and Handlebars
Co-ordination. There appear to be slightly more substantial relationships between
errors in cancellation (both kinds combined) and Mental Alertness, Progressive
Matrices, and errors in Serial Discrimination. The correlations with the two
intellectual tests may be partly dttributable to the fact that these tests and Dots-
cancellation have a common ° pencil-and-paper * element. (In an early investiga-
tion, Bousfield (2) obtained low positive correlations between mental ability and
performance in duplicating simple geometrical figures. Here there was also a
common penc11—and-paper element.)

There is no relationship between performance on Dots- cancellation and
measures of speed of perception and span of attention taken on a tachistoscope
(7);. the difference may be due to the fact that the former requires sustained
attention and the two latter, not.

On the present sample, the small negative correlation (0-26) between speed
and accuracy of cancellation does not reach the five per cent level of significance.
[t is probable, that to a slight extent, fast working is associated with less accuracy
and slow working with more,
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Table 6

Product-moment correlations between Dots-cancellation
and other Tests (N: 40) !
(Decimal points have been omitted)

Dots-cancel.
Other Tests
Time Error
Mental Alertness - .. o 16 —438
Progressive Matrices (Raven s) .. .. . —01 —398S
Foveal Flicker Fusion .. .. .. .. A 08 -07
Speed of Perception .. .. .. .. A 08 04
Span of Attention .. .. A —08 06
Two-hand Co-ord., Moede Type (Error) .. —328 07
Two-hand Co-ord., Moede Type (Time) .. .. 328 00
Hand-foot Reaction (Speed of response) .. . —04 -07
Hand-foot Reaction (Total Error) A —16 16
Serial Discrimination (Time) .. Jg 338 16
Serial Discrimination (Error) .. A —18 378
Handlebars Co-ord. (Time) .. .. A 358 —01
Handlebars Co-ord. (Error) .. .. .. .. 04 15
Product-moment correlation between Time and Error on Dots-cancella-
tion test: —0-26 (Not significant)
“ 8§ implies significance at better than‘ the 5% level

Parallelism in performance curves
. 1

Some indication of the relationship between initial ability at the cancellation
task and subsequent performance, is afforded by the graphs in Figures 3 and 4.
On both “ Time ” and “ Error ” measures there is a tendency towards parallelism
between the work curves for subjects of high, median and low initial ability. In
agreement with the findings of Ehinger (8) and others on various sensory-motor
tests, subjects with low initial ability improve more markedly in relation to their
own starting level than those with better initial abrlrty This applies particularly
to speed of work in Figure 3, where all three groups show a degree of improvement
between start and finish that is 31gn1ﬁcant at well above the five per cent level. With
regard to the combined “ Error ” measure in Figure 4, although the sample as a
whole did not show any significant improvement in accuracy of work, it would
appear that this relates mainly to those subjects whose initial standard of accuracy
was median or good. Those who were initially very inaccurate do show some
improvement, significant at the five per cent level, between their mean scores for
the first and last ten lines of the test.

The obvious parallelism between the curves in | both Figures 3 and 4 indicates
that, practice being equal, the high starters tend to retain their ascendancy over
the average and low starters, and likewise, the average over the low starters.
Similar results have been reported by investigators using various other tests
involving mainly perceptual and motor elements, namely: Reynolds and Adams
(15), One-hand regular pursuit; Cieutat and Noble (4), Two-hand irregular pursuit;
Mukherjee (11), Two-hand self-paced; Hudson, Mokoatle and Mbau (10), the
“ Chopsticks ” test (5) andthe factory-operation of *“ Nutting ”; Abbey (1), Con-
trol-display relationships involving latera]l and fore-and-aft movements of a lever

329



PERFORMANCE IN A CANCELLATION TEST 35

on an apparatus known as the Toronto Complex co-ordinator, which has been
described by Shephard (16); Phillips and Summers (13), Bowling; and Farmer (9),
Simple reaction-time, Ordinary choice-reaction, and Complex choice-reaction
where the response keys were not directly identifiable and the subject had accord-
ingly to work by reference to a chart or by memory.
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Figure 3. Average time in thousandths of a minute taken to cancel the items in each line
by the three respective sub-groups who were initially fastest, median and slowest.
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Figure 4. Average number of errors (omissions and/or wrong cancellations) made in each
consecutive section of five lines by the three respective sub-groups who were initially best,
median and worst.

Farmer (9), who seems to have been the first to observe this general relation-
sh1p between initial level of ability and subsequent performance, concluded
.. . that curves of motor performance whether derlved from psychological tests
or mdustnal work, tend on the whole to be parallel . He also mentioned that
this has con51derable industrial importance in that improvements towards simplifi-
cation in factory tasks will affect all the operatives similarly, though not necessarily
to the same extent.

From the standpoint of personnel selection by aptitude tests, this has the
very significant implication that comparatively short tests, provided, of course,
that their reliability is adequate, can furnish useful ‘measures of ability, and there
seems to be little practical advantage in the extended repetition of trials as recom-
mended by Wulfeck (19), although this may well produce some increase in
reliability. '

1
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While the term ° parallelism ’ is a convenient one to describe the general loci
followed by the performances of the initially good, middling and poor subjects, it
must not be taken too literally, because there can be appreciable variation in the
degree of parallelism between the sets of curves obtained on different tests. The
findings of Hudson, Mokoatle and Mbau (10) on the Chopsticks test show that at
the end of a 21-day learning period there was considerably greater differentiation
between the high, average and low starters, than at the beginning, whereas on the
Nutting machine the separation between the groups at the beginning and end was
not significantly different. * Chopsticks * calls for a fairly high degree of fine co-
ordination, provides a very wide range of skill measurement, and is a test which
most subjects find intrinsically interesting. On the other hand, Nutting requires a
comparatively low order of skill, is largely a matter of speed of movement, and is
generally regarded as a rather boring task. The more attractive ‘challenge’
provided by Chopsticks may well have had some effect in making the average
starters increase their initial lead over the below average, and similarly, the good
starters, over the average. Knowledge of results as a reinforcement of the incen-
tive should also be taken into account. In certain practical tests like Chopsticks,
errors are apparent to the subject, but in Dots-cancellation there is no obvious
indication to him that he has made an error.

Convergence

Some tendency towards gradual convergence is more usual with performance
curves, as shown in Figures 3 and 4, and also in the graphs of Mukherjee (11) and
Phillips and Summers (13). (This is also reflected in a decrease in SD for the
whole sample, between initial and final performance, as in Table 4.) After
extensive practice the differences in proficiency levels between the groups are sub-
stantially less than at the beginning of the task, although the hierarchy of the
groups remains the same.

Another respect in which the curves of Hudson, Mokoatle and Mbau (10)
differ from those of the writer and others, is that the initially poor performers did
not show more substantial improvement than those who were initially better.
This may be concerned with the nature of the test sample, which consisted of
African factory operatives whose standard of formal education was very low,
whereas the present sample and those of Abbey (1) and Wulfeck (19) consisted of
educated Europeans, and that of Mukherjee (11), of educated Asians. Investiga-
tions on the abilities of Africans by Vernon (17), Murray (12) and others, have
disclosed a certain simplicity of factor structure which suggests that African general
ability is far more intimately bound up with a concrete orientation and the manipu-
lation of physical things than is, what Vernon calls, “ British g ”. On this hypo-
thesis, the same perceptual-motor task may involve considerably more “ intelli-
gence ” in one cultural group than another. Vernon (17; p 84) said of his first
factor, that it “ possibly represents general adaptability to the unfamiljar testing
situation rather than the g obtained with educated whites ”. If the poorer groups
on Chopsticks and Nutting were made up mainly of those subjects who were also
the least intelligent (as reflected by their initial performance on these tests), or
who adapted badly to the ‘ unfamiliar testing. situations ’, it is understandable that
they failed to show a more substantial improvement than the groups above them,
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Apart from cultural influences, the degree of convergence in the performance
curves of subjects at different levels would seem to depend mainly on the scope
for the exercise of skill provided by the task and the extent of practice. Plenty
of practice at a task affording a rather low range of difficulty, very marked}y
reduces the differences between the levels. An example of this is to be found in
the results of Wulfeck (19) whose subjects did ten trials daily for ten days on a
pursuit two-hand co-ordination test in which two handles were rotated to keep a
stud over a small target moving along an irregular path. The curve of the five
best subjects, and that of the five worst (rated on a preliminary series of trials)
ran remarkably parallel until the fifth day, and thereafter rapidly converged on
to the same plateau. In such cases, practice apparently evens out individual
differences in initial ability because the low ceiling of difficulty in the task prevents
any further discrimination between superior and inferior performers. This result
does not invalidate the concept of a general parallelism in performance curves.
As long as the activity affords scope for improvement, it is probable that the
initially good performers will continue to keep ahead.

Summary and Conclu:sions

1. A Dots-cancellation test, providing a simple measure of * sustained
attention ” was administered individually to a group of pupil air-pilots
on the Cancellation-timer apparatus (6).

2. The “ Time ” measure is more reliable than the “ Error ” measure, which

has, however, acceptable reliability. )

3. Errors of omission occurred nearly twice as often as the more “ serious ”

errors of wrong cancellation.

All subjects showed a significant improvement in speed of work.

The test sample, as a whole, showed no: improvement in accuracy of

performance, but those subjects who were initially very inaccurate, did

show some improvement, significant at thé five per cent level.

6. Thirty-nine of the forty subjects made the mistake of cancelling an odd
cluster of six dots, probably because of the element of *expectation ”
and the fact that this cluster occurred at an advanced stage of the test
after certain associations between gestalt and cancellability had become
well established.

7. Neither speed nor accuracy of performance in the Dots-cancellation test
is related to success or failure in learning to fly.

8. Speed of cancellation is moderately associated with speed in a test of
serial discrimination, speed in two tests of co-ordination, and also error-
proneness in one of the latter. Slightly' more substantial correlations
were obtained on the cancellation error measure with- achievement in
two intellectual tests and error in serial discrimination.

9. To a barely significant extent fast working is accompanied by less
accuracy and slow working, by more. ‘

'10. In both speed and accuracy of cancellation there is a tendency towards
parallelism between the performance curves of subjects who are initially
good, median and poor. Initially poor performers show the most marked
improvement in relation to their own starting level. Relevant findings
of other investigators on other perceptual-motor tests are discussed.

TS
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A DUAL-PURPOSE “FALL ” TACHISTOSCOPE

D. R. pE WET

This instrument was designed for the presentation of either moving or
stationary visual stimuli for short periods. It is fairly compact, of rugged con-
struction, and having basically one moving part is somewhat more accurate and
mechanically dependable than certain early types of “fall” device with more
involved linkage systems. Its main limitation, in common with other mechanical
tachistoscopes, is that it has too long a minimum exposure-time for certain work
requiring the liminal exposure of stationary stimuli. Mundy-Castle (3) experi-
enced this when, in the absence of a faster instrument, he was compelled to use
the present one. However, the restriction does not occur in the case of moving
stimuli, and for many practical purposes liminal exposures can be obtained by
utilizing a moving stimulus instead, as was done by Biesheuvel and Mundy-
Castle (1).

Description (Plates 1 to 5)

A metal beam of rectangular cross-section pivots vertically in two ball-races
mounted in a frame held by two knurled nuts to the back member of a hard-
wood chassis. At the front end of the beam a segment of sheet aluminium with
a rectangular opening at the middle is rigidly attached (Plates 2 and 4), and at
the tail-end, there is a counterpoise-weight and a smaller trimming-weight, both
adjustable and fitted with set-screws (Plates 1, 2 and 5). A light cursor-weight
slides along the other arm of the beam between the pivot and the segment, and
by means of its set-screw can be fixed opposite linear graduations engraved on
the side of the arm (Plates 2 and 4).

In the front of the chassis there is a window about the same size as the
rectangular opening in the segment and directly opposite it when the beam is
horizontal (Plates 1 and 3). Close behind the window, a flat metal shield with
a small finger-knob, is pivoted, and when the knob is depressed the shield rises
and obscures the window (Plates 2 and 3). A rectangular frame with grooves
along three sides to accommodate light cards (33" X 23”) is held by two screws
and spacers a short distance behind the window and in alignment with it .
(Plates 2 and 5). Metal strips spaced around three sides of the opening in the
segment provide a similar card-holder here (Plates 2 and 4).

" Inside the top of the chassis, a flat metal bar covered with felt and adjustable
vertically to a slight extent by means of a nut on each of the supporting screws at
its ends, serves as a buffer for the upper edge of the segment when the long arm
of the beam is raised (Plates 2 and 3).

Extending up at an angle from the base-board of the chassis, is a metal bar
ending in a felt-padded fork and fitted with a small spring-loaded finger-catch
(Plates 2 and 5).

The beam-arm and segment are held at their topmost position by a spring-
loaded catch pivoting on a plate bracketed near the top of the longer side-member
of the chassis (Plates 2, 3 and 5), and release is effected by a pneumatic piston
located above the catch (Plates 2 and 5) and actuated by pressure on a rubber
bulb. When the beam-arm is released, it carries the segment down between the
back of the window-shield and the front of the stationary card-holder, comes
against the felt pad in the fork of the stop, and is prevented from rebounding by
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the finger-catch which automatically locks in place over a short projection
(Plates 2 and 4). [

" The purpose of having the frame which supports the beam-fulcrum held by
knurled nuts to the chassis instead of having it permanently bolted, is to permit
a simple lateral adjustment to ensure that the end of the beam is in proper ahgn—
ment with the pneumatlc catch. When the beam is cocked, its end should be in
the middle of the fork in the small guide-piece situated behind the catch near the
lower right-hand corner of the mounting-plate (Plate 5), so that it can fall freely
when the catch is released. Extremes of atmospheric temperature or humidity,
or the fact that the apparatus is resting on an uneven surface might produce
sufficient twisting of the chassis to cause the beam-end to come against one or
other of the sides of the guide-piece fork at the cocked position and impede free
falling. ‘Before starting a test series, particularly if the apparatus has not been
in use for some time, it is advisable to check that the cocked beam-end is * free ”
in the middle of the fork. If necessary, the two knurled nuts are slackened, the
beam-end moved over a trifle, and the nuts tightened again.

Procedure (Plate 1, lower; figure)

In most applications of this apparatus, it is preferable for the subject to
control the actual presentation of the stimuli himself. This helps to keep the
expectation element reasonably constant and ensure, that exposures are made only
when he is ready for them. |

He is seated before the window and his distance from it adjusted until he is
at an optimum position for reading ordmary printed or typed matter on a card held
in it.

Whether stationary or moving st1mu11 are prelzsented, a test series may be
done either by setting the cursor-weight back a certain distance towards the beam-
pivot for each trial and so giving consecutively longer exposures of a particular
card until the subject can identify the stimulus, or by retaining a constant speed
with the cursor-weight fixed at one position and exposing consecutive cards each
having an increased number of discrete stimuli to be identified.

When stationary stimuli are to be presented thé observer ““ cocks ” the beam-
arm at its top position, puts the first card in the holder fixed opposite the window,
and sets the cursor-weight either at some standard pre-determined graduation mark
for constant-speed exposure of consecutive cards, or, at some other pre-determined
mark near the end of the arm to give the shortest of the intended consecutive
exposures of the same card.

The shield behind the window is then lowered, and the subject told to watch
carefully and press the bulb, which he holds in his preferred hand. The segment
falls and the stimulus is exposed while the open rectangular section passes it.
The observer notes the subject’s report on what he has seen, raises the shield to
close the window, releases the beam-arm at the stop by depressing the finger-
catch and re-cocks the arm.

If the same card is to be exposed again, the cursor-weight is moved back for
a standard distance, the shield lowered, and the subject told to watch and press
again. This is repeated until the cursor-weight is at a graduation mark where the
arm falls just slowly enough for the subject to identify the stimulus correctly, and
the reading is noted by the observer.
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If a “constant-speed ” series is being done, the cursor-weight is left at its
pre-set position, and the first card simply replaced by the second, which is exposed
in the same way.

For the presentation of moving stimuli, procedures are the same, except that
the cards are placed in the holder on the segment instead of in the fixed holder.

In adjusting the counterpoise and trimming weights to a suitable zero for a
particular series of stimuli, the aim should be an arrangement that allows settings
of the cursor-weight along the scale to cover the full range of individual differences
which are likely to be encountered in the test sample. The main consideration is
the nature of the stimuli, and it is advisable to do some brief initial experimentation
on a few heterogeneous subjects.

A possible improvement would be the addition of a holder in a recess near
the back edge of the window to take flat metal or card masks with horizontal slots -
of varying width cut out at the middle and having outside dimensions corresponding
to those of the standard card so that the masks could also be inserted in the existing
holder on the segment. By using small stimulus figures and exposing them behind
slots just wide enough to accommodate them, the upper speed-limit of exposures
possible on the apparatus would be raised considerably.

Adaptation for recording the actual speed of exposures could be done by
arranging a contact-system between either the beam-arm or the segment and suit-
ably placed stationary points on the chassis, in conjunction with a chronoscope.
For certain work it might be convenient to plot a graph of actual times
corresponding to positions of the cursor-weight on the linear scale, which would,
of course, be specific for the particular range of speeds imposed by the pre-settings
of the counterpoise- and trimming-weights and the vertical extent of the stimulus.
The plotting of such a graph for this apparatus, using the alternative means of a
photo-electric recording system, has been done by Mundy-Castle, McKiever and
Alexander (2).

Four reproductions of the dual-purpose ““fall ” tachistoscope were constructed
in the Department of Psychology at the University of the Witwatersrand for use
by advanced students. The author has been given to understand that the design
has proved reasonably satisfactory, but for certain investigations the unavoidable
sound of the catches and the beam-end coming in contact with the stop is a
disadvantage.
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DUAL-PURPOSE 'FALL TACHISTOSCOPE. PLATE 3.
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- DUAL-PURPOSE 'FALL' .TACHISTOSCOPE. PLATE 4.
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PLATE 5.
Counterpoise Wt

158 D. R. DE WET
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206 PsyCHOLOGIA AFRICANA, 1964, 10, 206-218

MEASURES OF SPEED OF PERCEPTION AND SPAN OF ATTENTION ON
AIR-PILOT CANDIDATES

‘D. R. pE WET

Using the dual-purpose * fall  tachistoscope (3), two tests, intended respectively,
for measuring speed of perception and span of attention, were administered experi-
mentally to a group of air-pilot candidates in 1956 (Table 1), to sound the possible
- importance of these functions in airmanship and also investigate their correlation
with certain other variates—intellectual, sensory-motor, and perceptual. All the
candidates were physically fit and had normal eye-sight.

2

In this particular study, ““ speed of perception ” involved the identification of
visual stimuli moving quickly across a restricted field, and * span of attention ”
the identification of stationary visual stimuli presented for a short period. (It is
appreciated that there are other connotations in which these terms can be used.)

On the basis of their performance on a battery of standardized selection tests,
which did not include the above two experimental tests, forty-seven of the total
sample (Table 1) were selected to undergo training as air-pilots, and in due course,
thirteen of these were suspended. Of the latter group, only the eight candidates
suspended for poor flying ability have been included for validation purposes.

Table 1

Derivation of Sample

Applied for flying course .. .. .. .. .. .. 163
Tested for Speed of Percept. ‘and Span of Att. .. .. .. .. .. 161
Accepted for training (by other tests) .. .. .. .. .. .. 47
Suspended from training (all reasons) .. .. .. .. .. .. 13
Suspended for poor flying ability .. .. .. .. .. .. 8
Tested for Speed of Percept. and Span of Att .. .. .. .. .. 8
Completed course successfully .. .. .. .. .. 33
Tested for Speed of Percept. and Span of Att. .. .. .. .. .. 32

Speed of Perception Test (Procedure)

The material consisted of ten white cards, each one having a stimulus of three
symbols printed across the middle in black. Plain Roman capitals and Arabic numerals
were used, all being =" in height, approx1mate1y &" in breadth, and &” in width
of line, each set of three symbols occupying a lateral space of about $”. The legend
on each card and the order of presentation is indicated in Table 3. The counter-
poise- and trimming-weights on the tachistoscope were set at suitable positions
to cause the stimulus on a card in the segment to fall past the window in about
" half a second when the cursor-weight was at the first graduation-mark (near the ful-
crum); approximate checks being done with a stop-watch. With this basic setting,
and the cursor-weight at the tenth mark on the beam, the stimulus took about 1/goth
of a second to pass across the window.

Having seated the subject at his most comfortable distance from the window
for reading ordinary typescript, he was instructed, that when the observer said
“Yes ”, he was to watch the window carefully, press the rubber bulb, and try to
see what was printed on the card that came down.
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SPEED OF PERCEPTION AND SPAN OF ATT:ENTION 207

With the cursor-weight set at the tenth mark, the: beam was cocked, and the
subject given the sign to make his exposure. If he succeeded in identifying all three
symbols correctly, he scored ten points, and proceeded to the second card, which
was exposed in the same way, with the cursor-weight at the tenth mark. But if he
failed to identify any component correctly, the cursor-weight was moved to the ninth
mark and another exposure given. Success this time scored nine points, and failure
meant another trial with the cursor-weight at the eighth mark. For each repetition
required, the exposure time was increased by setting the)cursor—weight an inch nearer
the fulcrum, and if the subject still failed to identify the entire stimulus when the
cursor-weight was set at mark one, he scored nought. This procedure, of starting with
the shortest exposure and gradually increasing it until either the subject’s threshold
or the lowest mark on the scale was reached, was applied to each of the cards in the
series.

Speed of Perception Test (Results)

Test reliability by split-half correlation on the “/odd-even” pattern between
Ci}rds 1-4-5-8-9 and Cards 2-3-6-7-10 with correction by the Spearman-Brown formula
for prediction, is given in Table 2 (first column). It was thought that, in a task
involving the identification of stimuli moving acros$ a restricted field, random
fluctuations of attention would be very considerablé, and markedly reduce the
reliability; but in view of the substantial reliability coefficient obtained, this chance
influence appears to have been quite small.

i
Table 2 |
Product-moment inter-trial correlations
N = 161 Speed of Per. Sp%m of Att.
Uncorrected .. 0-887 10-683
Corrected . 0-940 i0’812

The mean scores obtained by the whole test group (N = 161) on the respective
cards are shown in Table 3. These figures represent average distances in inches of the
cursor-weight from the zero-mark near the fulcrum; the larger the figure, the higher
the speed-threshold at which the corresponding legend could be perceived, and hence
the “ easier ”’ the card. Table 4 indicates that the diﬂ‘efiences between pairs of means
are, for the most part, significant at better than the 5 pér cent level—there being only -
three exceptions.

The average for the means is 3-93. Cards 2 (RKE) and 5 (659) are not signi-
ficantly different from this, whereas Cards 1 (BSR), 9 (S3S), and 10 (CGO) are above
the average in difficulty, and Cards 8 (ETL), 7 (7Z7), 6 (HMN), 4 (ZZ7) and 3 (EFP),
below the average. There is the suggestion here, that- moving configurations which
consist principally of curves are more difficult to perceive than those having a pre-
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Table 3
Speed of Perception
Mean scores of the whole test sample (N: 161)

Card Legend Mean S.D.
1 B5R 0-93 1-46
2 RKE 3-67 3-06
3 EFP 5-84 3-26
4 Zzz7 4-88 3:37
5 659 3-95 3-39
6 HMN 5-11 3-33
7 1Z7 5-23 337 .,
8 ETL -5-94 3-10
9 S3S 1-63 2-59

10 . CGO 2-10 2-56
Average 3-93
Table 4
Speed of Perception

Significance of the differences between the means

Card 1 2 3 4 5 6 7 8 9 i0

1 .
2 S Ay
3 S S

4 S S S

5 S S S S

6 S S S — S

7 S S S S S —

8 S S — 8§ S S S

9 S S S S S S S S

10 S S S S S S S S S

“ S implies that difference is significant at better than the 5 per cent level.

dominence of straight lines. In the case of the latter, blurring through movement
seems to have less effect in obscuring the basic cues for identification. On this hypo-
thesis, Card 1 (B5R) could be expected to be easier to identify than either Card 9
(838) or Card 10 (CGO), but actually it shows up as rather more difficult, because,
being the first card in the series, it imposed the additional task on the subjects of
adapting themselves to an unfamiliar test situation. (Considerable research has been
done in connection with the comparative legibility of stationary letters by Hartridge
and Owen (6), Woodruff (14), and others. In general, the findings suggest that letters
in which curves or diagonal straight lines predominate are less legible than * rectangu-
lar * letters.).

On the present data it is not possible to demonstrate any systematic effect of
practice, but it probably does play a substantial part, particularly in the earlier trials.
Card 4 (ZZ7) might well be inherently more difficult than Card 7 (7Z7), but on the
other hand the legends are structurally very similar, and it seems more likely that
subjects found Card 7 easier because of increased practice at this stage in the series.
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Table 5 gives the respective mean total scores of the pupils who succeeded on the
course of flying training and those who were suspended from training because of
poor airmanship. The lack of any s1gn1ﬁcant diﬁerence indicates that speed of per-
ception as measured in the present test is unrelated to success or failure in learning
to fly.

Table 5 {
Speed of Perception and Flying Trai{!ting
I
Pupils ‘ N | Mean Tota:I S.D.
Successful .. .. | 32 43-72 11 23-28
Suspended .. .. 8 44-25 , 20-34

(No significant difference between mieans)
i

Span of Attention Test (Proii:edure)

The ten cards used in this test were inscribed wrth black capital letters and
numerals similar in size and format to those in the other; the first having three
components; the second and third, four; the fourth to the seventh, inclusive, five;
the eighth and ninth, six; and the tenth, seven. Afteriadjusting the weights on the
tachistoscope to give constant exposures of about 1/,sth 6f a second, and arranging the
subject at his most comfortable “ reading ”* distance froin the window, each card was
inserted in turn in the stationary holder and exposed when the subject pressed the
bulb. As before, he was told to watch carefully and report what he saw, only one trial
being given with each card and a point scored for every symbol correctly identified.

! .
Span of Attention Test (Résults)

As shown in Table 2 (second column), by the spht—half correlation on the ““ odd-
even ’ pattern between the two groups of trials, corrected by the Spearman-Brown
formula the reliability of this test is somewhat lower'than that of ““ speed of per-
ception . but still quite acceptable. A likely explanation for the lower reliability,
lies in the fact that only a single trial on each card was given, whereas in the previous
test, trials were repeated, if necessary, until the subject perceived the stimulus or failed
at the tenth trial. Thus, contrary to what was expected, random fluctuations of atten-
tion probably played a bigger part in the Span of Attention test—because of the
particular technique of measurement employed. ,

Table 6 gives the frequency distributions of the number of symbols missed on
each card. Those for the last three cards, which have & comparatively large number
of symbols, are less markedly skewed towards the “easy ” side than the rest. A
symbol was regarded as “ missed ” if the subject failéd to report it or reported it

incorrectly.
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Table 6

Span of Attention

Frequency distributions of the number of symbols missed

Card number Number of symbols missed -
and Legend
‘ 0 1 2 3 4 5 6 7
| 1 | N | 6 | 88 8 3 '
1 G59 % 38 55 5 2
2 N 53 97 9 2 0
1S38 % 33 60 6 1 0
f 3 N 142 18 1 0 0
T358 % 88 11 | <1 0 0
4 N 31 52 54 22 2 0
2ZV43 % 19 32 34 14 1 0
5 N 9 57 61 31 2 1
6DB9V % 6 35 38 19 1 <1
6 N 81 48 24 7 0 1
H72X5 % 50 30 15 4 0 <1
7 N 18 | 111 29 2 1 0
R56G7 % 1 69 18 1 |1 0
8 N 1 31 79 37 12 1 0
1KTZ75 % | <1 19 49 23 7 |1 0
| 9 N 2 26 67 53 13 0 0
| N6RP31 % | 1 16 42 33 8 0 0
10 N 3 21 37 | 54 39 6 1 0
{ 3TG5U42 - % 2 13 23 33 24 | 4 | <1 0

The total frequency with which each of the symbols constituting the stimulus
on each card was missed is shown in Table 7. On Card 1 (G59), the commonest -
error was to mistake the “.G > for the numeral “ 6 ”, and on Card 2 (1S38), the
“ S was frequently reported as an “ 8, and the “ 3" very occasionally as an
““ 8, but in no instance was the numeral ““ 1 * mistaken for the capital letter “ I .
On Card 3 (T358) there is a marked reduction in the proportion of missed symbols,
probably as a result of practice and increased familiarity with the test situation.
Those subjects who missed the “ T ™, reported it as the numeral “ 1. On the other
cards, the most noteworthy cases of mistaken identity were ““ Z ”* reported as “ 7 ”’;
“V>as “Z” “77, or “X7” (the multiplication sign more often than the letter);
“B”as “8”; “G”as “6”; “T”as“1”; “U” as “IJ” or double “17”.
(On Card 6, subjects scored a point whether they reported the “ X * as a letter or the
multiplication sign  times ”’.) Symbols missed in the larger stimuli of five items or
more were usually not reported on, but throughout the series, it was observed that
when symbols were wrongly reported it was more common for certain alphabetical
letters to be mistaken for numerals than numerals for letters.
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Table 7

Span of Attention

Total frequency with which each symbol was missed

Card Symbols and total miséed
i G 5 9 :
91 9 | 13
2 1 S 3 8 :
o [100 | 14 | 7 |
3 T | 3 5 | 8
9 3 3 5 .
4 2 Z \% 4 3 |
10| 26| 73| 60 | 65!
5 6 | D| B |9 v
3 | 14 | 117 ) 98 | 53 [
6 H | 7 2 X 5 '
2 [ 12 | 31 | 46 | 31
7 R | 5 6 | G | 7
3 6 | 14 | 133 | 231
8 1 K T z 7,5
71 5 | 45 | 146 | 114! 36
9 N |6 | R| P | 3'l1
2 | i1 | 40 | 108 | 129°] 81
10 3 | T | 6| 5 | ujl 4| 2
8 7 | 38 | 88 | 101]| 108 | 99

Table 8 gives the respective percentage frequency of letters and numerals missed,
i.e. wrongly reported or not reported at all. Notwithstanding the fact that there is
generally a greater loading of numerals than letters at, the right-hand ends of the
stimuli, which, because of the usual habit of * left-to-rlght orientation for this kind
of material could be expected to weight the proportion' of missed symbols in favour
of the numerals (as it actually does, very markedly, in the case of the last two cards),
there is still a significant overall tendency for a larger proportion of letters than
numerals to be missed (P << 0-01). b

Some interesting questions arise that cannot be answered on the strength of the
present data: Is this apparent difference in perceptual threshold, coupled with the
tendency for certain letters to be mistaken for numerals, rather than the reverse, an
indication that, in general, numerals are more fundamental than letters, or is it a
local occurrence in a test-sample “ selected ” in the sénse that persons aspiring to
become air-pilots are mainly those whose interests favour the mathematical and
scientific and who might therefore have some particular bias towards numerical
concepts? Are numerals more ““familiar ” than letters because there are only ten

distinct configurations amongst the numerals as compared with twenty-six in the
I
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Table 8

Span of Attention

Respective percentages of letters and numerals missed

Card Letters (%) Numerals (%)
1 56-52 6-83
2 62-11 4-35
3 5-59 2-28
4 30-75 27-95
5 38-10 31-37
6 14-91 15-32
7 42-24 8-90
8 40-58 32-51
9 31-06 45-76
10 30-23 47-05
Mean 35-21 22-23
" P of the Difference <<0-01

alphabet and numerals are usually learned before letters? Is this familiarity rein-
forced by the fact that each numerical symbol by itself represents a meaningful
unit, whereas the single letter does so comparatively seldom-—usually it takes a group
of two or more to produce a conceptual ““ gestalt > in the form of a word ?

In an early experiment, Jacobs (7) found that school-children could repeat,
after utterance by the observer, an average of 61 nonsense syllables, 7-3 letters, and
9-3 numerals. He points out that nonsense syllables, being ‘ new to the hearer,
have to be learnt, and absorb more energy ”, and that “ our expectant attention ™
has to search among fewer numerals than letters.

With regard to the perception of words, Postman, Bruner and McGinnies (8)
have shown that words relating to matter which interests the subject are more easily
apprehended than those unconnected with his interests. Solomon and Howes (11)
hold the view that familiarity, whether it derives from personal interest or not, is a
factor that makes certain word-stimuli more easily recognizable. It seems reasonable
to suppose that the influence will be stronger when both interest and familiarity are
present, and that this applies, not only to the “ meaningfulness > of word-stimuli,
but also to the actual symbolic medium, such as letters or numerals.

Table 9 reflects the percentage of each stimulus missed by the test-group as a
whole, and the significance of the differences between adjacent cards. In Table 10,
the signs “ S or “-” indicate respectively, whether the difference between each
card and every other card is significant at better than the 5 per cent level, or not.
Referring to Table 9, the most easily perceived stimulus is that on Card 3 (T358).
As it appears to be structurally no simpler than the.two preceding cards, a likely
reason is practice effect, which, as Weber (13), Renshaw (9), and others have shown,
can produce a marked improvement in the perceptual span. For the same reason,
Card 2 (1S38), which could be expected to be more difficult than Card 1.(G59),
because it has an additional symbol, is not significantly more difficult, and Cards 6
and 7 tend to be easier than Cards'4 and 5, although they all consist of five symbols.
Furthermore, Card 10 (seven symbols) is not significantly more difficult than Cards 8
and 9 (six symbols), or Card 5 (five symbols).
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Table 9
Span of Attention
Percentage of the entire stimulus missed onleach card
Card Legend Per cent t of Diff.
1 G59 23-40 1-39
2 1S38 18-79 5.8
3 T358 3-11 6-84
4 27Z.V43 29-07 1-66
5 6DB9V 35-40 5.61
6 H72X5 15-16 2-19
7 R56G7 22:24 3.97
8 1KTZ75 36-54 0-50
9 N6RP31 38-41 0-36
10 3TG5U42 39-84
(t > 1-96 implies significance at better; than the
5 per cent level)

between the percentages of all symbols:

Significance of the differences

Table 10

Span of Attention

missed

Card | 2 2 3 4 5 6 71 8 9 10
1

2 | —

3 18 S

4 — S S

5 1§ § § —

6 (§ — S § S

7 {— — 8§ — § S

8§ 'S § § § — § 8

9 {§$ 8§ 8§ § — § S| —
10 s § 8 § — § S} — —

“s” implies that difference is significant at better than the S per cent level.

Referring again to the total frequencies of the mlssed symbols on Cards 2, 5,
6, 7, 8, 9, and 10 (Table 7), it is noteworthy that on each of these cards the frequency
of misses for the last symbol, while greater than that for the first, is less than that for
the second last; and on Cards 2, 4, 5, 8, 9, and 10, thel frequency for the last symbol
is less than that for the third last (although on Card 10 the dlﬂ‘erence is hardly signi-

ficant).

It appears, therefore, as though the left and rlght
the stimulus have some special strength relating to t
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weakest sections (where the most misses occur) incline towards the right, through the
normal habit of starting to read material of this sort from left to right, but they do
not occur at the extreme right. This suggestion of a *‘ closure ** effect, whereby stimuli
compounded of discrete units are perceived to a considerable extent as wholes, even
when these wholes, as such, are not familiar or meaningful, is in line with the findings
of Wagner (12) and Schumann (10) who exposed rows of letters and instructed their
subjects to attend to the whole series each time.

Although, in the present test, the fixation point of attention had a sinistral bias,
as the subjects were free to follow the usual habit of left-to-right orientation, there is
still evidence of some propensity to sacrifice inner detail in favour of grasping more
of the overall configuration. This becomes less apparent when the stimulus consists
of as many as seven unconnected but individually familiar items (Card 10), which
. Glanville and Dallenbach (5) found was about the average span for such material.
In the case of a stimulus constituting a meaningful unit, the closure-effect would be
very much greater, as originally demonstrated by Cattell (1) and confirmed by Erd-
mann and Dodge (4) who found that familiar words of up to twenty letters could be
correctly identified at a very brief exposure.

The relationship between the Span of Attention test and achievement on the
flying course is shown in Tables 11 and 12. There is a significant tendency for those
pupils who completed the course successfully to have a better span than those who
were suspended for poor flying ability. This is indicated by a significant difference
between the means of the two groups, and a biserial correlation of 0-48 (P < 0:01)
between the test and the Success/Suspension criterion. Learning to pilot an aircraft,
which is a fast and complex machine fitted with numerous controls and instruments,
often requires the apprehension of several things almost simultaneously.

Table 11

Span of Attention

Distributions of scores on the pupil group

Score Total Successes | Suspensions

w

3
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Table 12 ;

Span of Attention and Flying Trainirirg

)
Pupils N Mean Total | S]? P of Diff.
Successful .. .. | 32 37-91 4-42 )
Suspended .. .. | 8 33.25 740 <0-03

Biserial r between test and Success/Suspensxon
0-48 (P<C0-01) ;
|

The distributions of the total scores obtained on the Speed of Perception and
Span of Attention tests are given in Table 13. The former is platykurtic, and has a
bias towards “ difficulty ”; the latter, more normal, but ‘skewed towards the * easy ”
side.

Table 13
Distributions of Total Scores ;
I
Speed of Perception Span of Attention
Score N Score | N
0— 6 11 !

t 7—13 11 16—18 1
1420 16 19—21 0
2127 17 2224 1
28—34 21 25—27 ) 5
3541 16 28—30 14
42—48 15 3133 21
49---55 12 34—36 34
56—62 11 3739 | 56 .
63—69 7 40—42 | 19 -
70—76 11 43—45 9
77—83 6 46—48 1
8490 7

161 | 161

In deriving the correlations between these two tests and the various others, as
shown in Table 14, raw scores were used throughout. Both correlate to a small’ but
significant extent with Raven’s Progressive Matrices (Non—verbal intelligence), and
slightly more with the learning section on the Hand-foot Reaction test (2), which, in
addition to its sensory-motor element, involves a certalﬂ amount of non-verbal intel-
ligence. (The correlation between the R.T. learmng section and Raven’s test, not
shown in the table, is 0-278.) Span of Attention is also related to Mental Alertness
(Verbal intelligence), Arithmetic, Technical and Sc1ent1ﬁc Information, and the more
specific knowledge of matters pertaining to aircraft and flying; and Speed of Per-
ception, to speed on the Hand-foot Reaction test, and less error on the Air-pilots’
Arm-leg co-ordination test and the Two-hand co- ordiﬁation test (Moede type). In
general, Speed of Perception is associated more with certain of the sensory-motor
activities, and Span of Attention with certain of the intellectual. The relationships,
however, are small. There is no significant correlation between Speed of Perception
and Span of Attention. :
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Table 14

Product-moment correlations between Speed of Perception,
Span of Attention, and other Tests (N: 161)

(Decimal points have been omitted)

Speed Span
Other Tests of of
Per. Att.
Mental Alertness . .. .. .. .. .. 127 2518
Progressive Matrices (Raven s) .. .. .. .. . 163 S 196 S
Arithmetic .. .. .. .. . .. .. 012 196 S
Mathematical Achlevement .. . .. .. .. .. 121 123
Technical and Scientific Informatlon .. .. .. .. 138 184 S
Tech. and Sc. Reading Comprehensron .. .. .. .. 129 127
Flying Interest Inventory . .. .. .. . 069 185 S
Air-pilots’ Arm-leg Co-ord. (Error) .. .. .. .. —2218 —116
Air-pilots’ A.L.C.-Distraction (Error) .. .. .. .. —180 S —104
Manual Steadiness (Total Time) .. .. .. .. .. 024 -132
Manual Steadiness (Total Error) .. .. .. .. .. 003 097
Hand-foot Reaction (Learning Time) .. .. .. .. —291 S —220S
Hand-foot Reaction (Speed of response) .. . .. . 163 S 084
Hand-foot Reaction (Total Error) .. .. .. .. .. 107 087
Two-hand Co-ord., Moede Type (Error) ... .. .. .. —2478S —112
Two-hand Co-ord., Moede Type (Tlrne) .. .. .. .. —137 —113
Foveal Flicker Fusion .. .. .. .. —112 - —049
Product-moment correlation between
Speed of Perception and Span of Attention: 125
“S ” implies significance at better than the 5 per cent level

Summary and conclusions

1. By means of a dual-purpose “ fall ” tachistoscope (3), 161 air-pilot candidates
were tested for Speed of Perception, involving the identification of visual stimuli
moving quickly across a restricted field, and Span of Attention, involving the identi-
fication of stationary visual stimuli exposed for a brief period.

2. The ability to identify either moving or stat1onary stimuli is improved by
practice.

3. Contrary to expectation, the Speed of Perception test showed somewhat
better inter-trial reliability than the Span of Attention test, which, nevertheless,
showed adequate reliability.

4. Moving stimuli that consist mainly of curves seem to be more difficult to
perceive than those made up principally of straight lines.

5. Speed of Perception, as measured by the present test, does not relate to success
or failure in learning to fly.

6. A biserial correlation of 0-48 (P < 0-01) obtained between performance
on the Span of Attention test and Success/Suspenswn in flying training, 1mp11es that
good Span of Attentlon is associated with success in flying.
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7. Frequency distributions obtained with stimuli of less than six components
tend to be skewed towards the easy side.

8. It was observed that when symbols were wrongly reported, it was more com-
mon for certain letters to be incorrectly identified as numerals, than the reverse.

9. There is also an overall tendency for a larger proportion of letters than
numerals to be ““ missed ”, i.e. not reported at all, or wrongly reported. (P < 0-01.)

10. In line with the results of other investigators, ‘there is evidence that stimuli
compounded of several discrete units are perceived to a considerable extent as wholes,
in spite of the fact that these wholes, as such, are neither famlhar nor meaningful.

11. Correlations between the Speed of Perceptlon and Span of Attention tests
and other variates are small. They do, however, suggest that Speed of Perception
relates more to physical reaction and co- ordmatlon, and Span of Attention to
intellectual activity.

12.  There is no significant correlation between Speed of Perception and Span
of Attention, as measured by the present tests. ’
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2.

SECTION IV

Surmery

Comstructional and reseerch dats are given, relating to
three visusl-pergeption devices, nemely, a specific Locus-
estisation Test for selecting ground-control iaterceptor
operators) & Cancellation Timer for administering various
printed Cancellation tests; and a Dunl-purpose "Fall" '
Tachistoscope for prementing various visual tasks requiring
the exposure of oither moving or stationary stisuli for short
pericds. | o o

- . Performance in Locus-estimation correlated C.40
(significant at the 73 level) with the cperational eriterion.
As the most specific test among others that were all of the
pencil-ond-paper or pictorial kind, it made a unique contrie-
bution to battery validity. No datn on its internal cone-
sistence or Test~fe-teat relisbility iavpresently svailable.
The functioning principle of this apparatus might be
adaptable in other eguipment where on easily controlled
apparent movement is desired.

-~ Uping the Cancellation Timer, & Dots-cencellation test,

1§r1mar11y'perceptualg_ana mea@ufing‘“auséaine& attention"

was administered to air-pilot candidates. As in the case
of more decidedly “"motor" taske, the "Time" memsure had
grester reliability than the "Error' measure, which, however,

~ elso had acceptable reliability.
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5.

6.

7.

8.

Neither speed nor accuracy in Dots-cancellation was
related to flying schievement, probably because the sustained
attention measurement by this test is rather specifically
Yelerical®.

All subjects improved significantly in their speed of
vork, but only those who wers initially very insccurate,
improved in accuracy. Errors of omission to cancel occurred
nearly twice as often as the more "serious" errors of wrong
cancellation. To a barely aignificant extent the fast
workera tended to be less accurate. Initially poor
performers showed the most marked improvement in relation
to their own starting level.

Speed of cancellation correlated moderately with speed
in a test of Oerial discrimination, speed in two tests of
Co-ordination, and also error-proneness in one of the latter.
Slightly more substantial correlations were obtained on the
Cancellation error measure with error in Serial discrimination
and achievement in two intellectual teats.

The main significance of this Cancellation study is the
additional evidsnce it provides of parallelisam between the
performance curves of subjeots who are initially good, median
and poorj not only in tasks that are predominantly “motor”,
but alao in those where the perceptusl element is the most
important,

Tests of Speed of Perceptiocn, involving the identifi-
cation of visual stismuli moving quickly across a restricted
field, and Span of Attention, involving the identification of
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stetionary visual stimuli exposed for a brief period, were
administered to air-pilot candidates on the Dual-purpose
"Fall" Tachistoscope. Both tests showed adequate inter-trial
reliability; Speed of Perception, with more trials, being the
more relieble. Speed of Perception, as measured here, did
not relate to achievement in learning to fly, but Span of
Attention correlated O.48 (p < 0.01) with Success/Suspension
in flying training, which implies that good Span of Attention
is associated with success in flying. v

In Span of Attenticn, frequency distributions obtained
with stimuli of less than six components were skewed towards
the easy side. Stimuli nmede up of several discrete unite
tended to be perceived to a considerable extent as wholes,
even when the laﬁter. as such, were neither familiar nor
meaningful .

Correlations between the Speed of Perception and Span of
Attention tests and other variates, while small, suggest that
Speed of Perception relstes more to éhysical reaction and
co-ordihation. and Span of Attention to intellectusl activity.
~ There wes no significant correlation between the Speed of |

Perception and Span of Attention teste. Inm both, the ability
. to %dentify the stimuli wag improved by practice.
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A COMPACT FLICKER-FUSION MACHINE AND ITS APPLICATION
TO AIR-PILOT CANDIDATES

D. R. DE WET

Received 16th May, 1960

Until the beginning of the present century, interest in flicker-fusion centred
almost entirely around its importance as a function of visual perception. There
was unanimous recognition that at low frequency a regularly intermittent light
appeared as separate flashes, and as the frequency increased the impression
changed to coarse flicker, then fine flicker, and lastly, a stationary light. Any
increase of frequency beyond this point (the CFF or critical fusion-frequency)
produced no further change whatever.

The explanation was a lag or inertia in the retina that limited its rate of
resolution by necessitating a certain minimum time both for the incoming datum to
make an impression and for this impression to be completely effaced before a
fresh one registered. As the retinal receptors then, like all other organic material,
cannot react instantaneously, it follows that beyond the critical speed there must
inevitably be an overlap between the new stimulus and the ome already in
registration. ’ -

While individual differences in this fusion-threshold had been observed, it
was not until the famous experiment by Wiersma (12) that there appears to have
been any considerable notion that it might also have wider psychological
significance outside the field of visual perception.

Wiersma (12) was one of the first to appreciate the need for experimental
substantiation of the extremely plausible theory of “inertia™ or * secondary-
function ” advanced by Gross (4) and others to explain certain personality dif-
ferences. In Wiersma’s experiment, three groups of subjects, viz., Manic,
Normal and Melancholic, were all given the following three tests: (1) the critical
speed at which fusion to grey was perceived on a revolving colour-wheel with
two suitably matched sectors, one red, and the other green; (2) the time taken in
light-adaptation; (3) the time taken for the recovery of tactile sensitivity after over-
stimulation by a strong electric current.

- In all tests there were very significant and consistent differences between the
means for the three groups. The Manic group required faster rotation of the colour-
wheel than the Normal before they obtained fusion, and the Melancholic slower
than the Normal. In the two adaptation tests, the Manic group showed the fastest
recovery rate, and the Melancholic the slowest.

This investigation is particularly noteworthy as a forerunner supplying
empirical evidence that individual differences in the sense-modalities, apart from
their specific interest, might bear an important relationship to differences in
certain aspects of mental integration as a whole.

Much basic work has since been done on the visual CFF (Landis, 5) and
definite information garnered about the physical variables such as subject’s
degree of light-adaptation, his age, the portion of his retina stimulated, his distance
from the stimulus, the area and composition of the latter, etc.—all of which
influence the limen. However, one of the main attractions of the phenomenon

360

Most apparatus for measuring the visual CFF falls into two broad classes:
Electro-mechanical and Electronic. The latter has hitherto proved of somewhat
restricted value as it possesses two unsatisfactory features: changes in frequency
are usually accompanied by characteristic changes in the sound of the apparatus,
and the quality of illumination varies with different frequencies. These drawbacks
were certainly experienced with a standard industrial stroboscope in the Aptitude
Test Section (A.T.S.) of the South African Air Force during 1943, and have also
been noted elsewhere on similar devices.

- Electro-mechanical apparatus is of two types, depending on whether
motivation is provided by a variable- or constant-speed motor. The following
list briefly illustrates some systems.

362




CoMPACT FLICKER-FUSION MACHINE 10t

COMPACT FLICKER-FUSION MACHINE. PLATE 1.
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COMPACT FLICKER-FUSION MACHINE. PLATE 2.
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1.” Variable-speed motor

(@) Calibrated rheostat :

The light-beam is interrupted by a rotary shutter coupled to the motor-spindle,
and variations in frequency are obtained by settings on a calibrated rheostat
controlling the motor-speed. This method is identical to that employed in the
time-honoured laboratory “ colour-mixer,” and is subject to the same weaknesses,
viz.,, fluctuations in the supply voltage and also changes in the resistance as the
latter warms up, make the correspondence between pre-determined settings on the
rheostat and actual motor-speeds, very elastic and unreliable. Beyond its
simplicity there is little to recommend this method. -

(b) Coupled speedometer

Here the arrangement resembles (a) in so far as motor-speed is varied by a
controlling rheostat, but there is the important difference that settings are no
longer read off on the rheostat. Instead, an additional device coupled to the
motor-spindle indicates its speeds directly as number of revolutions per unit
time. This is perhaps the most well-known system, and far superior to (a)
because, within its limits of accuracy, the speedometer indicates actual motor-
speed at all times, irrespective of any uncontrolled fluctuations in voltage and
resistance. - Disadvantages (two of which are also present in *“ a ”*) comprise tell-tale
noise accompanying changes in speed, lag between rheostat-control and the
response of ‘the motor that hinders quick, nice setting, and the inadequate
sensitivity and accuracy of most available speedometer devices.

On an apparatus designed during the last war by Prof. Bozzoli
" (University of the Witwatersrand) for Dr. Biesheuvel in the A.T.S,
speed of rotation was cleverly measured in terms of the E.M.F. produced by a
small A.C. bicycle dynamo coupled to the motor-spindle. A suitable series-tuned
circuit enabled the voltage generated to be shown on a meter with remarkable
accuracy. Unfortunately this plan introduced an additional stage of lag, namely,
between motor and recording-meter. On another model, P. Webster of the
A.T.S. effected some improvement by substituting a chronometric engine-speed
indicator of aircraft pattern that gave more direct measures. This was retained
on a later version by the author, but conventional rheostats were replaced by a
specially constructed one having a long manual lever that made both fine and
coarse adjustments easier and quicker. Although this modification in no way
altered the basic inertia of the system, it did afford the observer somewhat better
control.

The most promising solution to the main objections outlined above. seems
to lie in the use of the constant-speed motor. Some basic experimentation was
done by the author in the A.T.S. and later in this Institute on the two approaches
“a” and “b” that follow, and although neither materialized into an applied
test, both confirmed the existence of good possibilities in the * constant-speed ”
method. '

2. Constant-speed motor

(@) Mechanical variometer
This consisted of a continuously variable mechanical transmission on the
friction-drive principle interposed between the constant-speed motor and the rotary
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ment to permit the speed to be set at a constant 80 r.p.m.

The motor is mounted inside a rectangular sheet-metal box (Plates 2 and 3)
so that its spindle for carrying the turn-table protrudes through the top. By
means of four flanged rollers at the lower edge of the box, this unit is made to
function as a carriage running on two rails screwed to the baseboard inside the
wooden chassis of the apparatus. A flat metal slide-bar rigidly attached to the
box, projects through a slot in one end of the wooden chassis, and terminating
in a vertical finger-knob, allows the entire carriage to be moved to and fro from
outside the chassis.

The upper section of 'the apparatus consists of a rectangular sheet-metal case
that rests on a rebate inside the wooden chassis and encloses the carriage and
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COMPACT FLICKER-FUSION MACHINE. PLATE 3.
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COMPACT FLICKER-FUSION
MACHINE.
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turn-table. (Plates 1 and 4.) A longitudinal slot cut in the case-top (Plate S,
Figures A and C) is bounded by two parallel metal strips that extend further
along and serve as guides for a masking-strip that can slide in and out to obscure
varying amounts of the slot. This masking-strip (Plate 5, Figure B) has a small
white dot at one end and, near its middle, a reference-mark that, in conjunction
with calibrations engraved on the one guide-strip, indicates the lengths of slot
exposed beyond the white dot. Some distance from its other end, the masking-
strip has a plain round hole, and when this end of the strip is inserted it pro-
vides an alternative and non-variable means of masking the slot by obscuring
the entire area except that below the hole.

There is a low sheet-metal screen fitted in front of the slot and guide-strips
to prevent the subject from secing these directly, but a mirror mounted at an
angle affords him a reflected view of the slot section. (Plates 1 and 4.)

A lamp-holder and metal shade are supported over the slot-section by a
rectangular bracket, and the short lamp-cord ends in a two-pin plug engaging a
socket at one end of the chassis. (Plates 2 and 4.) With this coupling discon-
nected, the upper-case may be lifted off. (Plate 1.)

Electric power is supplied by a flex that enters the chassis on the side away
from the subject and passes into a covered junction-block. (Plate 2.) From here
distribution takes place to the motor and lamp, each controlled by its own toggle-
switch, Enough slack is left in the motor-leads to form a flexible  pig-tail ”
between carriage and chassis, and so prevent the wire from being broken by the
to-and-fro movement.

Stimulus-disc

This component, illustrated in Plates 1 and 3, is made from a disc of stiff
white card about three sixty-fourths of an inch thick and the full diameter of the
turn-table. The stimuli are arranged in twenty concentric bands, and to maintain
a standard “one to one > ratio of duration between light and dark phases, each
band is divided up into black and white segments of equal size. Proceeding
outwards from No. 20 the extreme inner band, the numbers of white (and likewise
black) segments in this and the following three, are respectively: ten, fifteen,
nineteen, and twenty-two; the next has twenty-three, and for each succeeding
band until No. 1, the extreme outer, which has thirty-eight, there is a uniform
increase of one segment.

No mechanical dividing-instrument being available, the partitioning of the
bands was done with an ordinary pair of draughtsman’s dividers set as near as
possible to calculated fractions of circumference. Cumulative inaccuracy was
avoided by going over the marking several times and making any necessary fine
adjustment of the divider-points.

Dark segments are blocked out with matt-black drawing-ink, and a hole
punched at the exact centre of the disc fits the tip of the motor-spindle, which
has been filed down short and drilled transversely to take a small split-pin.
(Plate 2.) At its periphery the disc is secured by wire staples passing through
small holes drilled along the rim of the turn-table.

Twenty numbered graduations engraved on the slide-bar controlling the
carriage (Plate 2), together with a stationary reference-mark on one guide-block,
give settings that refer to the alignment of each stimulus-band directly below
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COMPACT FLICKER-FUSION MACHINE. PLATE 5.
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the round hole in the masking-strip, when this end of the strip covers the slot in
the upper-case and the latter rests in position over the disc.

Pulses of reflected light from a miniature “ pearl” lamp (40W. 250V. A.C))
are produced at the lowest frequency when the slide-bar is pushed in to graduation
No. 20, and at the highest when it is drawn out to No. 1.

To minimize the possibly undesirable effect on the stimulus resulting from
inequalities on the disc-surface or slight skewness in the mounting, a diffusing-strip
of ground-glass, held by two small clips inside the upper-case, extends the full
length of the slot. Interposed between the top of the glass and the slot is a
piece of wire fly-screen having a mesh of about one sixteenth of an inch. This
reinforces the diffusion without unduly impairing the overall definition of the
stimulus, and also fulfils the purpose of aiding the subject to assume his optimum
focal distance and keep it during the test.

The smallest unit of measurement, and hence the practical limit of accuracy,
is restricted to one photic pulse per three-quarter second, which, although adequate
enough for most purposes, might be considered rather crude for fine work. On the
total of subjects tested hitherto, the maximum range of scores extended between
band No. 3 and band No. 16, inclusive. A stimulus-disc designed to rotate faster
than 80 r.p.m., would give smaller units, but this would mean either another
type of motor, or additional gearing at the spindle of a standard gramophone-
motor.

The use of the reflex principle is a necessary compromise in maintaining
compactness and simplicity of design and construction. Reuning (9) found on
his apparatus that the most reliable CFF scores were obtained in a darkroom,
presumably because of the good contrast between figure and ground. As
the principle in the present machine depends on reflected light, there is reduced
contrast, both between stimulus and ground, and between light and dark phases
in the stimulus itself, which undoubtedly entails some sacrifice of definition.

Testing procedure

By means of a stop-watch and a mark painted on the rim of the turn-table,
the speed is adjusted to a constant 80 r.p.m. for all work, and occasional checks
are done to ensure that this is being maintained.

The test was administered in ordinary rooms illuminated by slightly subdued
daylight, and was so placed that the subject did not face a window. However,
controlled artificial light would probably have been more satisfactory.

After the subject has had at least twenty minutes of adaptation to similar
indoor lighting conditions, he is seated directly in front of the mirror so that his
eyes are approximately fifteen inches away from it.

With the masking-strip obscuring all of the stimulus-slot except that area
below the round hole (Plate 5, Figure B), and the slide-bar set so that graduation
No. 20 is opposite the stationary reference-mark, the motor and light are switched
on, and the subject is asked: “ Do you see the flickering in that round spot
there?” The reply is invariably in the affirmative, and the subject usually leans
forward to assume, what is for him, an optimum viewing distance.

“Don’t strain your eyes. Just keep looking at it normally and comfortably.
1 am going to reduce that flickering, and as soon as you get the impression that

9

it has all stopped and the spot is steady, say ‘ Yes’.
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Using preferably the fingers of both hands on the knob, the observer draws
the slide-bar out smoothly at a uniform rate of about one graduation per half-
second. Immediately the subject says “ Yes,” the graduation most nearly opposite
the stationary reference-mark is noted and the slide-bar drawn along fairly
quickly for its remaining travel to graduation No. 1. On the scoring-sheet, which
has two vertical columns of blank spaces, the one labelled “Foveal” and the
other “ Peripheral,” the reading just described is recorded in the first space of the
“Foveal ” column. The subject is told next: “Say ‘Yes’ as soon as the
flickering starts again.”

The slide-bar is pushed back at the same uniform rate until the subject
responds, when the graduation opposite the reference-mark is noted as before and
the slide-bar pushed along fairly quickly for the rest of its traverse to graduation
No. 20. This reading is recorded in the second “ foveal ” space, and the subject is
then told: “Say ‘ Yes’ when the flickering stops again.” The first and second
procedures are alternated in this way until ten “foveal™ readings have been
obtained. :

Both motor and light are now switched off; the masking-strip is withdrawn,
and slid back other end first as far as it will go, so that the slot is entirely
covered and the white dot is located just beyond its extreme left edge. Graduation
No. 11 on the slide-bar is set directly opposite the stationary reference-mark
(Plate 5, Figure A), and kept here for the rest of the test. (This position of the
carriage puts all bands of stimuli under the slot so that they fill it exactly.)

The motor and light are switched on, and the subject instructed as follows:
“ Without straining your eyes, just keep looking steadily at that white dot. I
shall be moving it along to the right. As soon as you become conscious of
flickering anywhere to the left of it where you are not looking directly, but as it

29

were, in the corner of your eye, say ‘ Yes’.

The masking-strip is then drawn smoothly towards the right, also at a uniform
rate of about one graduation per half-second. Immediately the subject responds,
the reading is noted, the strip carried along fairly quickly for the remaining
distance to the end of the scale, and the reading recorded in the first space of
the “ Peripheral ” column. Then the subject is told: “Just keep looking straight
at the white dot, and say ‘ Yes’ as soon as you are no longer aware of any
flickering on the left.”

The strip is pushed back at the same rate until the subject responds, when
the reading is noted, the sliding-action “followed through” as before, and the
reading recorded in the second “ peripheral ” space on the scoring-sheet. These
procedures are repeated alternately until ten * peripheral ” readings have been
obtained.

Application and discussion

The test was administered experimentally to two groups of pupil-pilot
candidates for the South African Air Force, the first in 1956 and the second in
1959. (Table 1.)

As the differences between both the foveal and peripheral means of the two,

groups (Table 2) were found to be significant at well beyond the 0-001 per cent
level, the two sets of results have been treated separately. The cause for this
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Table 1

Derivation of samples

1956 1959

- Applied for flying course ' .. 163 - 152
Did flicker test e 161 149
Accepted for training .. .. 47 55
Suspended from training (all reasons) 13 22
Suspended for poor flying ability 8 16

Did flicker test .. . 7 16
Completed course successfully 33 33
Did flicker test .. .. 33 31

difference is unknown, but it should be mentioned that the groups were tested in
two separate localities, and, amongst other things, conditions of ambient
illumination in the respective experimental rooms were probably not identical.

Table 2

Mean critical fusion-frequencies of the two groups

Groups 1956 1959
Foveal | Peripheral | Foveal | Peripheral

Total of ten trials” .. .. .. .. 88 36 106 61
S.D. .. . .. .. .. .. 20-26 11-91 17-04 17-10
Nearest equivalent stimulus-band No. .. 9 4 11 6
Approximate number of photic pulses per
second .. .. .. .. .. 40 47 37 44
Number of cases .. .. .. . 161 149

For both groups in Table 2, the CFF is higher in peripheral than foveal
vision, which conforms to usual findings when the stimulus-area is adequate
enough to be easily perceived. In the case of a very small stimulus-area, the
opposite result would be expected (Granit and Harper, 3).

Table 3 gives some indication of test reliability by split-half correlations
on the “odd-even” pattern between (Trials 1 4+44+5+ 8 +9) and (Trials
2+3+6+ 7+ 10) with corrections by the Spearman-Brown formula for
prediction. It is not unlikely that these have been boosted through the
*“ expectancy ” element generally inherent in the method of limits, as Reuning (9)
has pointed out with reference to other apparently high CFF reliabilities
obtained when this technique of administration was used.
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|
Table 3

Product-moment inter-tr:ial correlations

Group : 1956 | 1959
No. of cases .. .. .. .. 16] 149
Fovealr .. .. .. .. |0-955 |0-943
Corrected .. .. ] 0-977 | 0-971
Peripheralr .. .. .. 1.. 0849 |0-926
Corrected .. .. .. ] .. 10919 |0-962

1

For both groups, it would seem that foveal measurement is rather more
reliable than peripheral; by rough tests the difference appears to be significant at
better than the 5 per cent level. During the peripheral trials, subjects were
required to look directly at one point while concentrating their attention on
another, and the more noticeable occurrence of indecisive responses in this part
of the test, suggests that occasional subjects [were unable to resist the temptation
of sometimes glancing directly at the stimulus, under the erroneous impression
that they would thereby perceive the flicker more easily.

The product-moment correlations between the aggregates of the ten foveal
trials and the ten peripheral trials are given in Table 4. They seem large enough
to imply that foveal and peripheral CFF are modes of some common function.
Had the reliability of peripheral measures equalled the foveal, these correlations

might well, have been larger.
{

Table 4

|
Product-momient correlations between Foveal and Peripheral measures

1956 group .. | 0669 | N—161

1959 group .. | 0-792 N=149

Correlations obtained between foveal ¢FF and certain other test variables
for the 1956 group, are shown in Table 5. 'Span of Attention was measured by
exposing stationary letters and numbers at a' constant shutter-speed of about one-
twenty-fifth of a second in a fall-tachistoscope, and determining the maximum
number of items subjects could perceive at such a “single glance.” In measuring
Speed of Perception, cards with numbers and letters were carried by the moving
beam past an opening, and the speed was increased for each succeeding presen-
tation in the series. The score consisted of the total number of items correctly
identified by the subject.

The testing of Perseveration (motor) was done on a discrimeter having
eight keys marked with geometrical symbols in two colours. In the “ X ™ activity,
subjects reacted by pressing the appropriate key when an identical symbol appeared
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Table 5

Product-moment correlations between Foveal CFF and other tests in the 1956 group

Span of attention .. . . .. | —0-042
Speed of perception .. .. .. .. 0-105
Errors on hand-foof reaction test .. .. 0-055
Learning-time on hand-foot reaction test .. —0-062
Motor perseveration (speed) .. .. .. -0-132
Motor perseveration (errors) .. .. .. 0-011
Mental alertness .. . - .. .. | 0-021

Number of cases=161
r 2 0-156 significant at 59 level.

in a small window. In the “Y ” activity they had to press the key marked with
the corresponding shape of symbol to the one in the window but having a different
colour. The perseveration-score was mainly a measure of the hindrance-effect of
“X ™ associations over the “Y ™ activity.

No significant correlation was obtained between foveal CFF and any of the
other variables in Table 5, and rough estimates on the peripheral scores were
sufficiently convincing in that these also showed no correlation with the above
variables. Hence the Visual CFF does not appear to be related to activities that
are notably cognitive, which is in agreement with the results of Colgan (2), who
found no appreciable relationship between CFF and “ attention, memory,
perceptual ability, scholastic aptitude or scholastic achievement.”

Table 6 gives the biserial correlations between foveal CFF and certain
combined temperament and personality ratings of subjects by three observers
independently administering three other tests, namely, Arm-leg Co-ordination,
Two-hand Co-ordination, and Steadiness (manual). This sample consists of
candidates in the 1956 group who were accepted for training, and is therefore
curtailed.

Table 6
Biserial correlations between Foveal CFF and temperament ratings
Ratings Tbis P (one-tailed)
Interested or Bored .. .. 0-13 0-241
Sociable or Reserved .. . 0-26 0-092
Emotional or Unehotional .. 0-51 0-003

Number of Cases = 44

(Positive correlations imply that high CFF is associated with the display of interest,
sociability, and emotion)
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The implication of these results is that high CFF tends to be associated with
the observed display of emotional tone, and low CFF with the absence of such
display. This would fit in with Wiersma’s findings on the Manics and Melan-
cholics. To a much less significant extent the same tendency seems to hold for
the observed display of sociability. It should be clearly understood, however, that
these correlations in no way justify an assumption that subjects with high CFF
necessarily incline to be more “ emotional” or “ sociable ” than those with low
CFF. There is simply a suggestion that the former manifest their feelings more
readily than the latter.

The biserial correlations between Visual CFF and the Success/Suspension
flying criterion, are given in Table 7. Suspensions are through lack of competence
in actual flying and exclude certain candidates suspended for various other
reasons such as medical, educational, disciplinary, and * at own request.”

Table 7

Biserial correlations between Visual CFF and success|suspension in flying training

Groups 1956 1959 | Combined
P (two-tailed)
No. of cases .. .. .. .. 40 47 87 of
mean Tbis
This I'bis | Mean bis
Foveal .. .. .. .. .. 0-55 0-47 0-50 0-00003
Peripheral .. .. .. .. .. 046 | 0-26 0-35 "~ 0-006
Aggregate .. .. .. .. .. 0-56 0-38 0-46 0-0002

(A high CFF tends 1o be associated with success in flying training)

It appears that subjects with a high CFF stand a better chance of succeeding
on a course of flying training than those with a low CFF, and that the foveal
measure has greater significance than the peripheral as a predictor of success.

The inferior reliability and validity of the peripheral measure can to some
extent have resulted from the particular method used, in so far as movement of
the masking-strip altered the stimulus-area, and, as Granit and Harper (3)
have shown that the CFF increases with the area of the flickering field, this
introduced quite an important variable. Possibly a better method of obtaining
peripheral measures, and one more directly comparable with that used for the
foveal, would be the following. Let the stimulus be the fixed round hole in the
masking-strip, which remains stationary, all control of presentation being done by
moving the slide-bar exactly as in the case of foveal measurement. But instead
of the subject looking directly at the reflected stimulus-hole, he would fixate a
similar sized mark on a small block or vertical card placed on the upper-case to
the right of the mirror and at the same apparent focal distance as the reflected
stimulus-hole. Alternatively, the length of mirror might be increased and a piece
of card carrying the fixation-mark laid flat on the upper-case at the desired point
to the right of the stimulus-hole. In either system, subjects would be required to
look straight at the fixation-mark and gauge flicker at the stimulus-hole by
oblique perception.
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However, the retention of an adjustable masking-system is to be recom-
mended, as it may be useful for other experimental applications requiring changes
in the size and format of the stimulus.

If, in agreement with Reuning’s (9) view, the method of limits is regarded
as objectionable on account of the ‘ expectancy ” element, settings for both foveal
and peripheral measures can be presented in random order by covering the
stimulus with a strip of dark card, making the setting, and then exposing the
stimulus again, the subject to state each time whether he perceives flicker or not.

The relation between high CFF and success in flying training is not adequately
explained by an hypothesis confined to the superior resolving power and recovery
rate of the sensory visual process. Reuning (9) reports a significant correlation
between CFF and alpha frequency of the electroencephalogram, and from this, in
conjunction with Mundy-Castle’s (6) correlation between alpha frequency and
primary-secondary function, he concludes that: “the individual flicker threshold
really seems to depend on some neuro-physiological factor or factors which are
‘related to differences in alpha frequency and operative in one at least of the basic
temperament variables.” A significant correlation between CFF and alpha
frequency was found again, in a larger sample, by Shoul and Reuning (10).

Supporting evidence that the CFF seems to have some connection with
temperament is provided in the present study by the correlation of 0-51
(p = 0-003) between CFF and the observed tendency to free expression of
emotion.

There is a suggestion that the candidates with high CFF, namely, those who
might be regarded as “ primary ™ or inclined towards mania, have greater freedom
from some sort of temperamental inhibition that handicaps the low CFF or
‘“ secondary ” ones in flying training.

A neat theory to account for the observed differenes in the visual CFF has
been suggested by Roberts of this Institute. It is based on the postulate that even
small eye-movements accentuate sensitivity for the perception of flicker by
distributing the separate photic pulses over a wider field of retinal receptors. He
presupposes that however still subjects attempt to keep their eyes in viewing the
stimulus, there is always some movement, and it is the varying amount of this
movement between individuals that produces the difference in CFF, and not, as is
commonly accepted, significant variation in the efficiency of the sensory-visual
mechanism. Subjects of a restless or manic disposition exhibit higher CFF than
inert ones, because they have more eye-movement, which causes the photic pulses
to impinge alternately on different sets of receptors over a wider range.

Such an explanation certainly covers all the known facts, but it requires
experimental confirmation that a significant relationship between individual
differences in eye-movement and the CFF actually exists.

Shoul and Reuning (10) quote Pfahler’s temperament dimension of “ wide,
fluctuating attention with low perseveration” as characteristic of the primary
person. In the course of discussion on present results, Reuning has pointed out
that “ wide” in the above sense means “ wandering,” and is not to be confused
with “span of attention”; furthermore, that findings from certain experiments
mentioned by Pfahler, in which primaries succeeded better than secondaries in
distributing their attention over a number of activities at the same time, would
offer some explanation for the apparent superiority of the primary in the cockpit
of an aircraft, where attention has to be distributed over numerous controls and
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instruments. In Reuning’s opinion, this aspect of “ primariness” seems to link-

up very well with Roberts’ theory of eye-movements as a factor in CFF.

Summary and conclusions

(1) After a brief discussion of the general purport of research on the Flicker-
fusion threshold (Visual CFF), various systems for its measurement are compared
and evaluated.

(2) A full description is given of an apparatus specially designed to be
simple, quick, and compact enough for inclusion in a test battery, while con-
forming, as far as possible, to the following major requirements:

(a) positive and consistent relationship, with minimum time-lag, between the

observer’s control-settings and changes in the stimulus;

(b) a standard quality of illumination at all frequencies;

(c) freedom from auditory clues betraying changes in frequency;

(d) no fumbling and undue delay between test trials that might disturb the

subject’s “set”;

(e) no necessity for special laboratory accommodation;

(f) testing technique to be either by the method of limits or by random

presentation.

(3) Two groups of candidates for acceptance as pupil-pilots in the South
African Air Force were given the test experimentally. Reliability, as indicated by
inter-trial correlations, appears very high, and has probably been augmented
through the use of the method of limits, with its inherent “ practice and
expectancy > element (Reuning, 9).

(4) For better control of ambient illumination, it might be preferable to
conduct the test by subdued artificial light rather than daylight, keeping the source
well out of the subject’s field of vision, and eschewing any form of discharge-lamp
that has perceptible flicker of its own.

(5) Foveal measurement appeared more reliable than peripheral, the
difference being significant at better than the 5 per cent. level; to some extent this
might have been a consequence of the particular system used in obtaining the
peripheral measures.

(6) Product-moment correlations between foveal and peripheral measures
seem large enough to imply that these two variables are modes of some common
function.

(7) No significant correlations were obtained between the Visual CFF and
performance on the following cognitive and sensory-motor tests: Span of Attention,
Speed of Perception, Insight-learning and speed on a complex Reaction-test,
Perseveration (motor), and Mental Alertness.

(8) A biserial correlation of 0-51 (p = 0-003) was obtained between high
CFF and the tendency to free expression of emotion, as rated by three independent
observers in different test situations.

(9) There appears to be a significant relationship between CFF and success
or failure on courses of flying training, a high CFF implying a better chance of
success. The most valid measurement was the foveal, which gave a mean biserial
correlation of 0-50 (p == 0-00003) with the criterion. It is possible that candidates
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having a high CFF are more free from some sort of temperamental inhibition
that hampers those with low CFF, and that they have a better faculty for
distributing their attention than the latter.
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Reprinted from * Psychologia Africana,” Volume 10, 1964.
PsYCHOLOGIA AFRICANA, 1964, 10, 219-235 219
A MULTIPLE-CHOICE INSTRUCTIONAL DEVICE
D. R. DE WET

Devices for administering programmed instruction, or * teaching machines ”
as they are popularly but erroneously designated, are being increasingly applied today
as mechanical aids to pupils in teaching themselves the more basic facts or principles
in various branches of knowledge.

The method appears to have several advantages over conventional tuition, among
these being the emphasis on cultivating self-reliance and responsibility, the immediate
and positive reinforcement of correct responses which Skinner (3) and others have
stressed as being conducive to greater learning efficiency, the fact that each pupil
proceeds at his own optimum rate, so that the fast worker is not retarded by the slow
one, nor the latter spurred beyond his capacity, and the removal of much routine
drudgery from the manifold responsibilities of the teacher who has more opportunity
to give guidance in the synthetic, interpretative, or creative aspects of the work.

A general distinction may be drawn between instructional devices which require
a ‘“ constructed response ”’, and those of the * multiple-choice ” type (Pressey, 2).
Both incorporate the fundamental principle inherent in all programmed instruction,
namely, the presentation of the material in a series of short, logically-consecutive
units or steps. In the first, the pupil writes his answer to a given item and then com-
pares it with the correct answer; in the second, he is given the choice of several
answers and a distinctive reaction by the instrument tells him whether he is right or
wrong. The first kind is therefore largely restricted to literate pupils, whereas the
second can also be used by illiterates. '

The apparatus to be described here is of the latter type (Pressey, 1), but unusual,
in that its confirmation mechanism consists essentially of only one moving part—
a ball moved by gravity along certain prescribed courses.

Being non-electrical, it is free from both the shock-hazard always present in
mains-operated equipment and the * battery ” nuisance of self-contained electrical
applicances. Furthermore, it utilizes programmed lessons made up on ordinary,
readily-obtainable foolscap paper, on which the material may be written, drawn,
typed, or printed with a duplicator. This flexibility has considerable practical
significance when such a device is used for research purposes by those interested in
compiling their own lessons in preference to applying stock commercial ones, that, as
a rule, can only be used in certain proprietary devices intended exclusively for them.

Description

The present machine is rather smaller than an average-sized attaché case, its
rectangular body being about ten and a half inches square by three and a half deep.
The actual overall dimensions, however, encompassing the various small protruber-
ances, are approximately thirteen and three eighths, by twelve, by five.

Plate 1 (upper figure) and Plate 2 (lower figure) show it set up on the table for
use. At the middle of the top, there is a perspex window (64" X 23"), and at its left
end, a small rectangular box perforated with five equidistant holes (f” diam.) near
the upper left edge. Just to the right of the holes, a card carrying an identification
letter or other symbol for each hole reposes beneath a protecting strip of celluloid
in a grooved holder fixed to the upper surface of the box. As a lower continuation of
the box, there is a perspex-covered tray extending down to the left-hand corner of the
case-top.
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At the left-hand side of the case, along the lower edge, a metal trough is attached,
and on the right-hand side there are two duralumin hand-wheels (2} diam. X 5" wide)
fitted with rotating crank-handles.

A wooden strut at the upper end of the case, shown folded away in Plate 1 (lower
figure) and extended in Plate 2 (lower figure), supports the case at a forward slope of
about thirty degrees in relation to the table on which it stands. The strut has a leather-
covered foot and a longitudinal slot along most of its upper half that engages a
O B.A. stud projecting through the case just below the carrying handle, and it is
clamped in position by means of a substantial knurled finger-nut (1" diam.) of
duralumin. Between the latter and the wood of the strut, a wide, flat washer of thin
brass is interposed to prevent the wood from being scored when the nut is tightened.
When the machine is to be packed away or transported, the nut is slackened off, the
strut swung to one side until it is parallel with the carrying handle, then pushed along
the stud the full length of the slot, and the nut tightened again.

Two pads of leather are fixed to the forward lower edge of the case which bears
on the table when the machine is set up for use, and four small rubber buffers are
screwed to the hardboard bottom, one near each corner (Plate 1, lower figure).

The hand-wheels are fixed, respectively, to the shaft-ends (1" diam.) of two rollers
inside the case (Plate 3), and a long length of foolscap paper (8" wide) joined end to
end, on which the individual programme-items are typed or otherwise inscribed within
frames about the same size as the window, can be wound from one roller to the other
on the same basic principle as that employed in the ancient papyrus-book and the
modern roll-film camera.

The bearings in the hardwood sides of the case, in which the shaft of the lower
roller rests, are slotted (Plate 3), and each is provided with a metal retaining-bar that
can be unclamped and hinged back for the removal and insertion of the roller when a
programme is changed.

Both retaining-bars are suitably notched to fit over the shaft (3" diam.) and the
4 B.A. studs fixed in the wood and on which the free ends are clamped by small
knurled finger-nuts.

Each programme is wound on its own cardboard cylinder (8" x 254" O.D.),
the end being attached by a strip of adhesive tape, and can be easily slipped in or out
of the roller after a small spring-loaded friction-disc and the left-hand bobbin of the
roller have been removed. The upper roller, located permanently in its bearings, has a
similar friction-disc at its left end. These discs press outwards against the inner faces
of the wooden sides and produce a smooth, constant braking-effect that helps to keep
the section of paper between the rollers taut against the wooden cross-member under
the window.

Near its lower end, the removable metal case-top has two “ key-holes  that lock
under the heads of a pair of screws in the edge of the wood when the top is put on and
slid up into position. At the upper end, it is clamped by the two black finger-nuts
bearing on a metal angle-strip, and should it be considered advisable to deter the
pupil from tampering with the interior, two upright staples midway between the finger-
nuts may be temporarily sealed together with thread or other suitable material.

In the floor of the perspex-covered tray, there is a hole (" diam.) kept closed,
while the machine is in operation, by a metal tab pivoted on a spring-loaded rivet
through the case-top. The hole is opened by moving the free end of the tab to one side,
but the tab, being located on the underneath surface of the case-top, can only be
reached when the latter is off the case.
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Access to a small storage compartment for a shallow, rectangular pan containing
a supply of steel balls (&" diam.), a few writing materials, and possibly the pupil’s
lunch-packet, is afforded by a hatchway at the bottom of the case (Plate 1, lower
figure). The sliding metal cover has the outer end folded over to give some purchase
to the finger-tips, and a screw-and-nut near the inner end that prevents it from being
completely withdrawn and very likely lost. When the cover is closed, a spring-loaded
button projecting through the hardboard bottom of the case, locks it in place, and
provided that the supply-pan has been put like a drawer into its special recess, the case
may be turned to any position without dislodging the balls.

The case-top and other external sheet-metal components are made from twenty-
two gauge galvanized iron, afterwards spray-painted. Aluminium would produce a
lighter structure, but present some difficulty in connection with the soldering of certain
inner sections to be mentioned in due course.

Preparation of the programmes

Two accessory pieces of equipment are employed in making up the programmed
lessons for use in the machine, namely, the Ruling-plate and board (Plate 4) and the
Punching-and-splicing board (Plate 5). One set of each of these will serve a consider-
able number of machines.

_ The purpose of the first is simply to provide a convenient means of marking the

blank sheets of foolscap paper into the standard areas within which the material of
each frame will be inscribed. A frame-width of two and three-cighths inches was
chosen because it appeared to be a suitable size for the average length of programmed
item and also enabled the most economical use to be made of the foolscap format;
five frames to a sheet allowing just the right amount of margin at the top and bottom
for pasting the sheets end to end.

Ruling-plate and board

- A rectangular piece of laminated mahogany board (133" x 9” X %") has two
orthogonal guide-rails of hardwood (" x 1”) fixed along the top of one long and one
short edge, respectively, as shown in the upper figure in Plate 4.

The Ruling-plate is a rectangular piece of twenty-two gauge mild-steel sheet
(133" x 9”) slotted with six straight saw-cuts (" wide), and perforated with holes .
({f5" diam.) arranged in five rows parallel with the long edges. The saw-cuts, of which
the first is spaced nine-sixteenths of an inch from the short edge marked “ Top ”
extend from the one long edge to within one and a half inches of the other, and, to
strengthen the plate after cutting, a one-inch strip of the twenty-two gauge material
is spot-welded along the edge where the cuts were started.

The first row of holes, which appears as the bottom row in the lower figure in
Plate 4, is in line with the ends of the saw-cuts and therefore also one and a half inches
from the edge of the plate. The next three rows follow respectively at one-inch inter-
vals, and the fifth is three eighths of an inch from the inner edge of the spot-welded
strip. In each row, a group of five holes spaced fifteen thirty-seconds apart, comes
within each section demarcated by adjacent saw-cuts, the mlddle hole of the five being
exactly in the middle between the saw-cuts.

The sheets are put on the wooden board, edges against the guide-rails, and the
metal plate placed in similar alignment on top. Light pencil lines are then drawn

388



226 . D. R. DE WET

through the slots, and dots stippled through the holes in the fifth or right-hand row
to indicate the boundary of the frame, and in the first or left-hand row to indicate the
positions to be taken by the five possible *“ answers ” which will appear opposite
their respective holes in the perforated box on the machine when the frame is lined up
in the window. Only one of the three remaining rows of holes in the plate is stippled,
simply to mark the division between the ““ answer ” and * stimulus ” areas. If the
answers are short, this will be the second or third row, if long, the fourth. It is not
strictly necessary to stipple this “ dividing ” row and the right-hand “ boundary ”’
row, entirely. Two dots locating the extremities of each row can be joined by a line
drawn on the paper with an ordinary ruler after removing the plate.

Should more copies of a particular programme be required than can be con-
veniently written or typed and a duplicator must be resorted to, the Ruling-plate can
be used for marking the sections on the wax-stencils.

The present prototype Ruling-plate might be improved in the following ways.
The three ““ dividing ** rows, and the fifth or right-hand row, could also be in the form
of saw-cuts extending between the first and fifth holes in each section, which might
speed up the marking of the paper by substituting ten quick pencil-strokes for fifty
stipples or four stipples and two additional ruling processes. Alternatively, the above
modification could be restricted to the three *“ dividing  rows, and the width of the
plate decreased by three-eighths of an inch, which would enable the fifth or right-hand
row to be dispensed with, as the boundary of the item-frame would then be indicated
by the ends of the pencil lines drawn to the inner edge of the strip.

Punching-and-splicing board

When the programmed material is on the foolscap sheets, they must be joined
together lengthwise to form a long band, and two punch-holes made in the left-hand
margin opposite each frame, as shown in the upper figure in Plate 2. If preferred,
however, the punching may be done before the sphcmg

Both processes are done on the apparatus shown in Plate 5, which cons1sts of a
rectangular piece of laminated mahogany board (23” x 10" x $") fitted with parallel
rails (3" X §”) spaced eight and one-eighth inches between their inner edges, and a
three-piece punching outfit, of which the lower die is fixed flush in a recess in the surface
of the board partly overlapping the edge of one rail where a “ cut-away > has been
left, while the upper die and punch are removable.

The dies have five holes (33" diam.), corresponding in layout to another set of
holes (2%” diam.) near the left-hand end of the wooden cross-member over which the
paper passes from one roller to the other (Plates 3 and 8). In both dies, a smaller hole
(3" diam.) is located five-eighths of an inch to the right of the middle one in the
group, where the five holes are positioned equidistantly but in a slightly staggered
formation in order to compress their vertical spread well within the limit of two and
three-eighths inches allowed by the width of the item~frames.

Both the die-plates are of mild-steel (35" X 2” X "), and when they are together
alignment is maintained by two upright pins (3" diam.) near the outer edge of the lower
which engage registration holes in the upper.

The double-ended punch, attached by a length of light, flexible chain to the short
duralumin handle of the upper die-plate, simply to reduce the chance of either com-
ponent getting mislaid, consists of a duralumin handle (3" diam. x 3”) having a point
of silver-steel rod recessed in either end and held by a grub-screw. Both points project
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seven-eighths of an inch, the diameter of the one being fifteen thirty-seconds to fit
the larger holes in the die-plates, and the other, seventeen sixty-fourths, to fit the smaller
*“ indicator ” hole. The punch ends are filed concave to provide good cutting edges,
and are then hardened. If a great amount of punching is to be done, it is recom-
mended that the die-plates be case-hardened, or made instead, from quarter-inch
gauge-plate, heat-treated in the usual way.

Before the punching is started, it is worthwhile to mark by a pencilled letter or
number at the extreme left-hand margin of each frame, which of the five holes must
be punched for the correct ““ answer . Like the hole itself, such a mark should be
invisible to the pupil when the programme is in the machine.

The paper sheets are put between the dies, each frame lined up in turn with a pair
of saw-cuts at the edge of the upper die, one ** indicator  perforation made by insert-
ing the thin end of the punch through the small hole, and one * correct answer ”’
‘perforation (through which the balls are intended to drop) by inserting the thick end
through the appropriate one of the larger holes. The guide-rails keep the paper in
alignment, and as each frame is dealt with, the upper die-plate is raised slightly to
enable the sheet to be slid along.

As there is often a slight variation in the size of paper sheets from different
manufactured batches, it is advisable, when doing the punching, to regard the guide-
rail on the punch side as the ““ master ” rail, and always keep the edge of the paper up
against it, irrespective of whether the other side of the paper touches the other rail
or not. The same precaution should be taken during the splicing process, to be
described next. This ensures that the holes in the paper are always at their proper
distances from the left-hand margin, which is important if they are to coincide
properly with their respective channels on the machine.

In the construction of the punch and die-plates, the registration between the plates
and the fit between punch-ends and holes should be fairly accurate if clean, sharp-
edged holes are to be produced in the paper.

Having removed the upper die and punch from the board, the latter is used as a
guide in joining the sheets end to end. Gum is applied for a distance of about half an
inch all along the edge of one sheet located at the end of the board where the guide-
rails are stepped back (3"), and after moving the gummed part well up between the
rails, the edge of the second sheet is pressed on to form a half-inch overlap. The two
joined sheets are then moved up along the board, gum applied to the end of the second,
and the procedure repeated. When about six sheets (of which the first couple should
be blanks to provide a ““ leader ) have been joined, it is convenient to trim the end to a
taper, insert this in the slit of the upper roller in the machine (Plate 3) after the latter
has been placed on the table in line with the board, and then wind the programme up
as the remaining sheets are pasted on.

Application

To bring the first frame into view in the window, the pupil turns the hand-wheel
furthest from him in a clockwise direction until the “ indicator > punch-hole in the
paper is in line with a small white reference mark at the middle of the left-hand edge of
the window (Plate 7). He then inspects the ‘ question > in the frame and essays an
*“ answer ” by taking a steel ball (f5” diam.) from the loose supply-pan that rests on
the table within easy reach, and drops it through what he regards as the * correct
perforation in the box.
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If his choice is correct, the ball falls through the margin of the paper via the larger
punch-hole which is not visible to him, continues through the corresponding hole in
the wooden cross-member (Plates 3 and 8) into a metal ““ gathering-trough > below,
and is ejected through a chute and an orifice near the lower edge of the case (Plate 9)
into the ““ delivery-trough > outside at the left (Plates 1 and 2), where it again becomes
available for use on the next programme-item, which is brought into view and aligned
by turning the upper hand-wheel again to wind on the paper until the next * indi-
cator ’ punch-hole is directly opposite the white reference mark.

If the pupil’s answer is incorrect, the ball, having been dropped through the wrong
perforation in the box, strikes an unpunched area of the paper margin and is deflected
by one of a set of fixed baffles on the case-top under the box, into the perspex-covered
tray at the corner of the case-top, where it remains visible but is forfeited as a token
of error. Should this occur, he again takes a ball from the supply-pan and tries another
answer by dropping it into some other perforation in the box, repeating this until
confirmation of the correct answer is obtained when a ball emerges in the
delivery-trough.

In Plate | (upper figure), the item or “ question ” in the frame happens to be a
capital “ A, occurring in a programme of a very elementary sort in which illiterate
pupils are required to identify certain letters of the alphabet, presented randomly,
one at a time, in script of varying size and kind. For this item, if a ball is dropped in
the perforation marked “ A ” on the indicator-card alongside, it rolls through into
the delivery-trough and thereby confirms that the response is correct. If it is dropped
into any one of the others marked B, C, D, and E, respectively, it rolls into the
perspex-covered tray to indicate and record an error.

1t is important that the  indicator ” punch-hole be in line with the white reference
mark, otherwise the larger punch-hole may not be properly in register with its channel,
and the ball, instead of dropping through to indicate a correct response, may strike
the edge of the punch-hole and roll off the paper as an error. If the * indicator ™
punch-hole is inadvertently wound beyond the mark, it is easily brought back into
line by moving the other hand-wheel the required amount in the opposite direction.

The author has been informed by Dr. H. L. Krige of this Institute that children
in the first-year primary school were found to have no difficulty in turning accurately
on to the mark each time. Sometimes, however, in their eagerness to insert the balls,
they fumbled with them and dropped them on the floor. Increased familiarity with the
machine would probably reduce this to a negligible amount.

When the programme is of a rather more advanced sort, in which, for example,
the illustration of a cat appears in the frame together with the five possible answers
Dog, Cat, Pig, Hare and Rat, from among which the pupil has to choose the correct
one, the stimulus-item is arranged at the right side of the frame and the answers in a
vertical column at the left, so that each one will be directly opposite a perforation in
the box, in which case, an indicator strip on the box is not required. This system would
also be applied to programmes of complex material, such as mathematical equations.

When the pupil has completed all the items on the programme, and almost alt
the paper has been wound from the lower roller to the upper, the word ““ Stop ™ or
some other equivalent sign appears in the window, and the programme is then rapidly
rewound on to the lower roller preparatory to removal. After taking off the case-top,
the tab closing the hole in the floor of the perspex-covered tray is pivoted to one side,
and the ““ error ” balls are tipped out into the supply-pan for use in the next lesson.
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Sometimes it might be advisable for literate pupils to record each correct answer
and the number and sequence of any errors made in obtaining it, on a paper form
separate from the machine. They should also mark those correct answers which they
do not understand and would like to discuss with the teacher.

The machine can perform the additional function of administering short periodic
tests to sound the pupil’s progress. 1t can also be used for applying a variety of psycho-
logical tests intended to measure the ability to derive systematically coded relation-
ships between certain configurations.

Details of the confirmation-mechanism

As shown in Plate 2 (upper figure) and Plate 3, the paper passes from one roller
to the other over a wooden cross-member bridging the left and right sides of the case
and having its ends recessed flush with their upper edges. The top surface of this cross-
member is relieved to a depth of one-sixteenth of an inch to provide an easy clearance
for the taut paper when the metal case-top is in position, and near the left-hand
end are the five holes (2" diam.) corresponding in both their relative arrangement
and distance from the left-hand paper-margin, to the five large holes in the punching-
dies. The distances from the margin are: 1" to centres of outer two, " to centre
of middle one, and %" to centres of inner two. Vertically, the top and bottom holes
have their centres " from the centre of the middle one, and the intermediate holes
are located symmetrically in between. A close-up view of this section is given in Plate 8.
Just to the left of the holes, a strip of leather (" thick) glued to the wood serves to
keep the edge of the paper up near the underneath side of the metal case-top when
it is in position. Alternatively, a low wooden step may be left here.

Screwed to the lower surface of the cross-member, below the holes, is the sheet-
metal “ gathering-trough * having a sloping bottom perforated at the lower corner
with a hole (43" diam.) communicating with a metal chute attached to the inside of
the case. At the lowest point of the chute, a chamfered orifice leads through the side
of the case into the delivery-trough outside. In Plate 9, the cross-member is shown
raised at one end to display the arrangement below.

In Plate 6, the case-top is in position, but the outer shell of the perforated box has
been taken off to show a group of five sloping channels of twenty-eight gauge tin-plate,
which terminate, respectively, at the floor of the box, in holes directly over their
counter-parts through the case-top and the cross-member below.

The object in having these channels, instead of simply locating the perforations
in the box-top directly over the other sets of holes, is to prevent the pupil from
perceiving the *“ correct answer ”* punch-hole in the paper merely by looking straight
"~ down the perforations. If this were permitted, the main practical value of the machine
as an instructional device would be lost.

. In Plate 7, the channel-section of the box and the perspex-covered tray, which is
just an extension of the same structure, have been removed to show the openings in
the case-top. It will be seen that the holes are slotted towards the left; each is
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provided with a sloping tin-plate baffle open at the left; and the slots merge into a
common “ cut-away ” area in the case-top at the ends of the baffles.

Referring to Plate 6 again, suppose that the pupil has decided that the correct
“answer ” for the particular frame in the window is the top perforation “J” in
the box, and accordingly drops the ball into it. The ball strikes the raised end of the
corresponding channel at “K ”, rolls down and falls through the hole *“L ™.
Referring now to Plate 7, if there is a hole punched in the paper at “ M *, his answer
is correct, and the ball then drops through hole “ N ” (Plate 8), strikes the sloping
bottom of the gathering-trough “ C* (Plates 8 and 9), rolls down along the lower
or left-hand edge of the gathering-trough, and, as shown by the dotted arrow in
Plate 9, drops into the chute and is ejected into the delivery-trough * E ” (Plate 8).
However, if the paper is unperforated at “ M *’ (Plate 7), the ball strikes its surface, -
rolls along the side of the baffle, and is deflected out into the *“ error ” tray at “ O ”
(Plate 7). Similarly, if the ball is dropped into the bottom perforation in the box
at “ P (Plate 6), it reaches position ““ Q ”* (Plate 7), and depending on whether the
paper has a punch-hole here or not, takes one or other of the above courses. The
same principle applies to the other channels. Either event takes place within a couple
of seconds.
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PAIRED-ASSOCIATE LEARNING THROUGH A PRACTICAL MEDIUM
D. R. pE WET

Using an instructional device of the multiple-choice type, a test of paired-associate
learning was administered experimentally to 177 air-pilot candidates. Results indicate
that it has some potential usefulness for the prediction of success in certain branches of the
flying-course, particularly, practical airmanship. However, like most learning tests it
requires a rather long time to administer as compared with tests where the emphasis is
more on initial ability, and further study will be necessary to determine whether its in-
clusion in a standard selection battery is expedient or not. It showed small to moderate
correlations with certain other tests, intellectual perceptual and sensory-motor, but
none with temperament and personality variates of the introversionfextraversion kind.

Among the many exacting tasks which have to be mastered by the pupil air-
pilot, is the acquisition and implementation of correct associations between sense
data and responses. Certain things, such as instrument-readings, control-positions,
or combinations of these, have a definite mutual significance that must be learned
and utilized by the pilot to'make his aircraft behave most satisfactorily under various
circumstances. Although instruction both in theoretical and practical airmanship
emphasizes these important relationships, much of the learning still depends on
trial and error by the pupil himself. This conclusion is supported by validity coeffi-
cients obtained between flying success and the learning section on the rather complex
Hand-foot reaction test (1).

A constructionally simpler test of trial and error learning, on the paired associate
principle, involving abstract elements in a practical situation where respective right
and wrong associations produced two markedly different physical results, was ad-
ministered to a group of air-pilot candidates by means of the Multiple-choice in-
structional device (2). The main objects were to investigate: (a) Its validity for pre-
dicting success on the flying-course; (b) Correlations between measures and between
sections within the test; and (c) Relationships to various other tests, intellectual,
perceptual, sensory-motor and temperamental. :

Material and Procedure

The learning programme, on a continuous paper roll, consisted of three sections
of twenty frames each. In the first, a capital letter A, B, C, D or E was inscribed in
each frame, the initial four being in alphabetical sequence, and the rest in random
sequence. In the second, each frame contained a numeral 1, 2, 3, 4 or 5, and in the
third, a square figure with a small ring located inside one of the four corners or at
the middle. In sections two and three the sequence was random from the initial
frame. Spaces, preceding and terminating each section, contained respectively,
the words * Begin ** and ““ Stop ”’.

As described elsewhere (2), the left-hand margin of the paper was punched
with small holes to facilitate frame-alignment in the window of the apparatus, and
larger holes to pair each frame with an appropriate channel in the apparatus, care
being taken to ensure that the channels were paired randomly to the stimulus-items
to avoid having any obvious association between the positional order of the channels
and the normal sequence of letters and numerals or the position of the small ring in
the square.
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A strip of card inscribed with the following symbols:

™ T U< r

was placed in the holder alongside the five holes in the box on the apparatus, each
symbol being directly in line with a hole. The subject was seated comfortably before
the apparatus and given the following instructions:

* These five symbols stand for the “ A, B, C, D and E’ in a certain code. Your
task is to find out which one is ‘ A’, and * B’ and so on. You turn this wheel
to move the paper along until the round hole is directly opposite that little white
mark. (Demonstration.) The letter in the window is ‘ A’. To find out which
of the symbols it corresponds to, drop a marble into the hole next to one of the
symbols. If the marble rolls out here, you are right and have discovered the
symbol for ¢ A ’. Butif it rolls into this box, you are wrong and must take another
marble and try one of the other symbols, repeating this until the marble rolls
out and you are right.

You then turn on the paper to bring the next letter into view, make sure that
the round hole is directly opposite the little white mark, and drop in a marble
or more to find out what symbol the second letter corresponds to. As soon as you
have the right answer, turn on to the next letter, and always remember that the
round hole in the paper must be in line with the white mark before you drop in
the marble, otherwise it may not roll out, even when you are correct. If you
should happen to turn the paper on a little too far, just bring it back in line with
this lower wheel. (Demonstration.)

Work as quickly as you can, and try to make the smallest number of mistakes
in identifying the five symbols. Try to remember exactly what each symbol
stands for because later you will have to identify them somewhere else.”

The tester turns the paper back to “ Begin ”, tells the subject to proceed, and
starts a stop-clock. At the end of the first section, the time taken by the subject
and the number of marbles in the ‘ error ” box is recorded.

For the second section, the subject is told: *“ Each of these symbols has a cer-
tain value, 1, 2, 3, 4 or 5. Proceed in the same way to find out the value of each.
Work as quickly as you can, with the fewest mistakes, and try to remember their
values.” After time and error has been recorded, the third section follows:

 Each of these symbols also represents a position in a square marked by a small
ring, which will be in one of the corners or at the middle of the square. Find out
the relationship as quickly as you can, with the fewest mistakes, and try to remem-
ber it.”

When time and error has been recorded, the subject is handed a small slip with the
five symbols printed along the top and three blank rows below, and told: “ You
have two minutes in which to fill in here, below each symbol, the corresponding letter,
value, and position of the small ring in the square as you have learnt them. You may
start and finish anywhere you like.” The symbol-strip in the holder on the apparatus
is removed from the subject’s view.
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As a precaution against possible ““ coaching ”* of other subjects in the waiting-
room by those who had finished, after testing each subject the symbol-strip was
changed for another with the symbols in a different order, four sets being used in
rotation.

Results and Discussion

Intercorrelations between the three sections of the test on the respective measures
Time and Number of errors are given in Table 1. All the coefficients are significant
at better than the 1 per cent level, but those for *“ Errors ” are substantially smaller
than those for * Time . This suggests that in a learning task of this kind errors
provide a stronger reflection of elements of specificity in the material of the different
sections than does the rate of work, which has more individual constancy throughout
the three sections. It has been reported by Howie (3) that apart from subjects’
ability in various tests, there is evidence of a broad speed factor ““ indicating an in-
dividual difference trait of tempo in functioning .

Table |
Intercorrelations between sections of test (N = 177)
Sections Time Errors
1, Letters and 2, Numbers. . .. .. .. .. .. 0.47 0.26
1, Letters and 3, Ring position .. .. .. .. .. 0.46 0.29
2, Numbers and 3, Ring position. . .. .. .. .. 0.47 0.20

All significant at better than the 1 per cent level.

’

As shown in Table 2, the correlation between ““ Time ” and ‘“ Errors ” in all
three sections is large, mainly because the particular test-procedure used inevitably
introduced some dependence between these measures. An item appearing in the
window had to be correctly identified before the subject proceeded to the next, and
each attempt at identification by dropping in a marble took additional time, hence the
greater the number of mistakes made, the slower the progress. The relationship, how-
ever, was not reciprocal, for, while the making of errors added to the time, working at
a slower rate did not necessarily produce more errors. A more independent measure
of rate of work would have been obtained if subjects had been allowed only one
attempt at each stimulus item as was done on the Hand-foot reaction test (1), but this
would have made the learning task much more difficult and imposed the necessity
for a longer testing session than was practicable under the circumstances.

Table 2

Correlations between Time and Errors (N = 177)

Sections r
1, Letters .. .. 0-57
2, Numbers .. .. .. 0-61
3, Ring position .. 0-49
Total 1 +2 + 3 0-37

All significant at better than the 1 per cent level.
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Referring to Table 3, it will be seen that differences in the mean time taken to
complete each section do not reach the 5 per cent level of significance, which requires
a critical ratio of at least 1-95. On the other hand, differences in the mean number of
errors made in each section are very significant, and there is a progressive increase
in the means from the first section to the third. It was expected that the general
effect of practice at manipulating the apparatus and establishing associations between
symbols and stimulus-items in an earlier section would facilitate the learning process
in a subsequent section, but the results indicate just the opposite. It is possible that
the differences relate more to the nature of the material in the respective sections
than the experimental sequence of the sections; alphabetical letters having greater
associative affinity with the reference symbols, than numbers, and ring-positions, less.
The latter section, where most errors were made, differs notably from the other two
in that the cue for item-recognition is spatial rather than configurational. However,
the influence of experimental sequence cannot be ignored. This probably induced a
certain amount of negative transfer or interference whereby the establishment of
associations between the symbols and the stimulus-items in a preceding section
tended to impair the acquisition of a new set in a subsequent one.

Retention

A similar effect could have persisted in the last part of the test where subjects
had to recall what they had learnt. The means indicate that significantly more of
the associations in the first section were recalled correctly, than of those in the second
or third section. But here, too, there is the likelihood that the strongest associations
were between alphabetical letters and the reference symbols.

Table 3
Means, Standard Deviations and Critical Ratios of the differences between means (N = 177)
Measure Section ’ Mean S.D. C.R. of Diff. M’s
1, Letters .. 211-06 60-21 1&2 0 85
TIME 2, Numbers .. 207-05 61-78 1&3 1-03
" (Seconds) 3, Ring position. . 216-08 63-79 2&3 185
1, Letters .. 12-40 9-47 1&2 590
ERRORS 2, Numbers .. 17-91 10-75 1&3 10-39
3, Ring position. . 22:03 11-08 2&3 3-92
1, Letters .. 2-59 1-62 1&2 5:48
RECALL 2, Numbers .. 1-91 1-40 1&3 6-00
(Maximum 5) | 3, Ring position. . 1-84 1-53 2&3 0-70

In Table 4, the intercorrelations between the amount recalled in the sections,
are all significant at better than the 2 per cent level, the smallest being between 1,
(Letters) and 3, (Ring-position), and the largest between 2, (Numbers) and 3, (Ring-
position). While the difference in size between these two coefficients does not quite
reach the 5 per cent level of significance, this finding is consonant with the usual
one on other kinds of learning task by the writer and others such as Langdon (4),
that there is a tendency for test sections which are temporally nearest to be most
intimately related. )
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Table 4

Intercorrelations between amount recalled at end of test (N = 177)

Sections r P
1, Letters and 2, Numbers .. .. .. .. 0-25 0-001
1, Letters and 3, Ring position .. .. .. .. 0-19 0-012
2, Numbers and 3, Ring position .. .. .. 0-40 <0-001

As indicated by the coefficients in Table 5, there is a significant negative relation-
ship between the number of errors made during the learning process and the number
of correct associations recalled at the end, but none between the latter and the time
taken. The more efficient the learning, as reflected by the smallest number of wrong
responses made in establishing correct associations, the better is the retention of
what has been learned. This agrees with one of the basic principles underlying pro-
grammed instruction, namely, that the pupil learns better when making few or no
mistakes.

Correlations between ““ Recall” and “ Errors ” might well have been larger,
were it not for the fact that the programme consisted of three different kinds of
material presented successively, which introduced variates like perseveration, negative
transfer and retro-active inhibition, that would have tended to depress the correlations.
A lack of relationship between the time taken to work through the sections and the
amount recalled at the end, would be consonant with the view that in trial-and-error
tasks of this kind rate of work may depend a lot on factors other than learning ability,
and it is therefore a less pure index of learning ability than the number of wrong
responses made during the task. Those advocates of self-administered programmed
instruction, who maintain that the pupil learns most efficiently when he works at
his own natural rate, probably have good grounds for their assumption.

Table 5
Correlations between amount recalled at end of test and Time and Errors in the learning process.

N = 177)

Sections Time Errors

1, Letters . .. 0-01 —0-25s

2, Numbers ™ .. .. —0-04 —0-33s

3, Ring position. . .. .. —0-01 —0-25s

4, Total 1 +2 +3 .. .. —0-03 —0-38s

‘s ”” implies significance at better than the 1 per cent level.

Validity

Relationships between performance on the test and on various flying-training
criteria, are given in Table 6. All criterion scores were positively accelerated, with
the exception of ‘“ Hours to solo ”’, where a low score, implying that the pupil was
competent to fly alone after only a short period of dual instruction, meant good
achievement. Both the “ Time” and‘* Error ” measures correlate significantly
with: (a) Sport data, which comprised assessments of pupils’ skill and initiative in
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group activities of the athletic and regimental kind; (b) Approach aids, concerned
mainly with landing and target-finding by electronic techniques; and (¢) Combined
percentage of examination marks in both theoretical subjects and practical airmanship.
The * Time ” measure also correlates with Morse code, Navigation and Flying,
and the ““ Error ” measure with Radar and Hours to solo. Fast-working and/or
few errors on the learning test tend to be associated with success in the criteria men-
tioned, the most substantial coefficients being —0-43 (Approach-aids) and —0-41
(Flying per cent) with “ Time ”, and 0-47 (Hours to Solo) with “ Errors ”.

With regard to the correlation of 0- 30 between Radar and the * Recall ” measure,
Prof. Gourlay has pointed out that its actual significance is distinctly dubious because
it is the only coefficient among fifteen that shows any significance, and it can be
demonstrated by means of the binomial expansion that where fifteen correlations
in all are being tested there is a 54 per cent chance of getting at least one significant
(at the 5 per cent level) on the null hypothesis.

Table 6
Correlations between test measures and various Flying-Training criteria. (Decimal points omitted)
P.A.L. Test
N Flying-Training Criteria
Time Errors Recall

57 Sport data .. .. —36s —30s —02
55 Aero Dynamics . . .. 04 —04 19
57 Meteorology .. .. —20 —18 08
55 Aviation .. .. .. —09 —-02 —05
55 Engines .. .. .. —13 —21 —05
55 Instruments .. .. 09 —04 23
63 Radar .. .. .. —11 —29s 30s
55 Approach Aids .. .. —43s —26s —09
55 Morse code P .. —27s —06 —02
56 Navigation x .. —29s —21 —-03
53 Hours to Solo .. .. 12 47s 04
53 Wings Test .. .. —21 —-21 —06
54 Ground %, .. .. —25 —17 03
55 Flying %,. . = .. —41s —22 —08
53 Combined % .. .. —33s —27s 00

‘s ” implies significance at the 5 per cent level or better.

Correlations with other tests

Table 7 shows the correlations obtained between the three measures on the
learning test and various other tests. Both ““ Time * and “ Errors ” show small to
moderate negative correlations with achievement on the first five, which are intel-
lectual tests of the * pencil and paper ”* type, and that on one practical sensory-motor
test, the Willemse-board (5), in which a long, sloping board has to be tilted left or
right to control a marble so that it passes various baffles without rolling off the edge
of the board except at a point where it can drop into a pocket. The largest coefficient
(—0-38) is between ““ Time ~’ and the Designs test where subjects had to identify
the presence of a model line figure resembling a capital *“ Sigma > in various complex
configurations of lines. As the five reference-symbols used in the learning test were
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also angular figures made up of straight lines it is possible that there was some
overlap by a recognition factor for the kind of material. “ Time ” also correlates
with serial-discrimination on an apparatus having eight marked keys which had to
be pressed singly in response to signs appearing in a window, Dots-cancellation,
“ Floating Effect ” co-ordination, and Variable co-ordination. The two former
are mainly perceptual tests, and the two latter, sensory-motor.

There are no significant correlations between the “ Recall ” measure and any
of the other tests, which, in addition to the fact that only one of the criteria in Table 6
showed a significant correlation with ‘ Recall ” (probably fortuitous), indicates
that retention for the kind of material used in this learning test is very specific. Of
the three measures, *“ Time > shows the widest relationship to other variables, pos-
sibly because it reflects a rather more general personal characteristic of the individual
than the “ power * measures.

None of the measures on the learning test shows any significant relationship to
Arm-leg co-ordination specifically intended for air-pilots, Alpha-frequency on EEG,
or inventories of temperament and personality tendencies.

Table 7
Correlations with other tests. (Decimal points omitted)
P.A.L. Test
N Other Tests
Time Errors Recall

177 Mental Alertness .. —19s —21s 02
177 Arithmetic .. .m —29s —27s 08
176 Mathematics .. .E —15s —26s —03
132 Gottschaldt Figures .. —18s —18s 16
132 Designs Test .. .. —38s —25s —05
120 Dots-cancellation - —23s —03 —10
177 Serial Discrim. (Time +

Errors) . .. 23s 00 —06
177 Willemse Board (Av.) .. —23s —23s 07
177 Floating Effect (Error —

Time .. i e 22s 03 —13
177 Arm-leg Co-ord. (Error

— Time) 33 o 13 03 02
177 Variable Co-ord. (Time

+ Errors) .. .. 25s —06 11
118 Alpha-frequency EEG .. 14 02 —01
128 Personality Inventory .. 03 03 —11
172 Temperament Question-

naire .. .. .. —-01 05 —10

The means and standard deviations of subjects whose home language was
respectively English or Afrikaans are given in Table 8. Although it appears that
the Afrikaans group took slightly longer to work through the programme, made a
few more errors and recalled a trifle less, the critical ratios of the differences between
the means show that none of the differences reaches the 5 per cent level of signifi-
cance.
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Table 8

Respective means and standard deviations of English and Afrikaans speaking subjects

Letters + English N = 72 Afrikaans M = 105 C.R. of
Numbers + Diff.
Ring position Mean S.D. Mean S.D. Means
TIME (secs) 614-38 116-80 646-51 166-39 1-50
ERROR 49-63 20-82 54-58 23-20 1-47
RECALL 6-53 3-28 6-19 3-19 0-68

Summary and Conclusions

Intercorrelations between the three sections of the paired associate learning task
are higher on the “ Time > than the “ Error ”’ measure, suggesting that errors
provide a stronger reflection of specificity in the material than the rate of work,
which is a broader individual trait.

Correlations between ‘“ Time” and ‘“ Errors ” are large, mainly because of
experimental dependence in the particular test procedure, where the making of
error tended to prolong the task.

There were significant differences in the mean number of errors made in each
section, but not in the mean time taken to complete each. Errors increased
progressively from the first section to the third. Significantly more of the first
section was recalled correctly than of the second or third. Possible explanations
for these results are firstly, the effect of negative transfer through experimental
sequence, and secondly, differences in the degree of associative affinity between
stimulus items and reference symbols.

Sections which were temporally nearest during the learning process tended to
be most intimately related in the recall task.

There was a significant negative relationship between the number of errors made
during learning and the number of correct associations recalled at the end,
but none between ““ Time ”’ and *“ Recall ’. Rate of work is probably a less pure
index of learning ability than the number of wrong responses made.

Of several significant correlations obtained between the learning test and flying-
training, the most substantial were —0-43 (Approach aids) and —0-41 (Flying
per cent) with * Time ”, and 0-47 (Hours to solo) with *“ Errors .

Both ““ Time” and “ Errors” showed small to moderate correlations with
achievement on five intellectual tests and one sensory-motor test, the Willemse-
board. “ Time ” also correlated with two other sensory-motor tests, and two
perceptual tests. The *“ Recall ” measure, which appears to be the most specific,
did not correlate significantly with any other test. None of the measures on the
learning test showed any relationship to Alpha-frequency on EEG or temperament
and personality variates mainly of the introversion/extraversion kind.
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8. On none of the measures in the learning test was there any significant difference
between the mean performance of subjects whose home language was respec-
tively, English or Afrikaans.
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A 3ERIAL DISCRIMWTER FOR GSTUDYING PERISVERATIOR
AKD LEARNING

In some of his earlier researches on sensory-motor skills,
‘Seashore (3) included an apparatus which he called a “Serial
Diserimeter'. Basically, it consisted of four finger-keys, an
upright screen with a small window, and behind the screen, a
veight-driven disc having four nusbers repeated in random order
round its edge at equal spatial intervala. Each of the keys,
marked with one of the four numbers, was connected by a string to
a catch that engaged pegs in the back of the disc. when the sube
ject pressed a key, the number of which corresponded to the number
on the disc exposed in the window, he released the appropriati‘
catch and the disc wasa drawn by the weight to the next pokuposiv
tion, exposing another number in the window, If he pressed the
wrong key, the disc did not move on. His tasik was to react as
quickly as he could to each stimulus until the whole series had
been presented by a complete rotation of the disc.

Seashore (3) appears to have used the apparatus mainly to
obtain a measure of simple choice reaction by direct association,
but the principle also has other research applications.

, The apparatus that follows, is based on Seashore's protoe
tyfe; the mechanical system, whereby suitably spaced pegs on the
back of a waight-driven disc engage catches connected by strings
to the finger-keys, being essentially the same. However in the
present design, certain additions and modifications have been
introduced with the object of increasing the usefulness for the
- study of perserveration, learning, and problem-solving. These
include, four additioﬁal keys; a pawleand-ratchet between the
reel and the disc so that the driving-weight can be wound up
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without having to depress &ll the kéye; screvs-rods and nutec on
the:kéys for adjusting the strings and catches; & counter
recording the nuzber of keyn depressed; a@juatéblq stops to
ligit'their traverse; and provision for easy interohangeahility
of stimulusecards on the disc and indicatorestrips over the keys.

: Description .

A ply-wood base-board supports. two uprighta joined toge=
ther by a strohg crossemember. (Plate 4). Two vertical pieces
of flat steel bolted at the middle of the crossemember have holes
near their tops to provide'baaringa for a transverse shaft carrye
ing a twelveeinch ply-wobd disec ét oné end and a windingereel
with a amall handle at the other. On the inner side of the resl
& spring-loaded pawl engages a ratchet pinned to the shaft,
ensbling the reel to rotate freely in & clock-wise direction for
coiling up a length of cord that supports a lead weight via two
pulleys at the top of & vertical post bolted to the wooden croace
members o _ o
On the other aide of tha shaft»monnting, eight springe
loaded catches are located in & row parallel with the crosse
‘member and each one is connected by a length of nylen fiahingﬁ
line passirg over a pair of small pulleys to an eyelet on a
wooden key, The ends of the lines passing through the eyelstas
are tied to short lengths of screw=rod in metal blocks fixed
‘behind the eyelets, and by means of nuts on the rods, slack in the
1ines can be taken up and the zero-setting of the catches aﬁjusteé.

On gach of farty-eight equidistant radii on the back of tha
dise, a metal peg is fitted at the correct distance from the
centre to be in alignment with one of the catches, but the order
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in which the catches engage pegs on successive radii as the dismc
moves round, is arranged to be random, to ensure thet in a test
series the keys do not have to be pressed successively in
accordance with some easily recognired system,

 The wooden keys pivot at their ends oz & rod mounted near
the back edge of the base«board; brass bushes, tightly press-
fitted into the wood, serve alsp as spacers between the keys. A
apring-loaded"tally-bar" pivoting on the outer ends of the rod,
extends along under the keys and is linked by a light coil-spring
to a small arm attached to the mechanisx of a “post-office"
counter fixed tc the chassis., Vhenever a key is depreassed, the
counter registers one unit.

A wooden rail with felt stops ia located over the keys
directly bslow the cross-member, to which it is attached at either
end by a pair of nuts on & acrew-rod. By adjusting these nuts
the rail can be set higher or lower to increase or decrease the
traverse of the keys between the stops here and a similar set of
non-adjustable ones fixed directly to the base~board further
forwarde. The optimum setting is that which allows an adequate
but not unnecessary amount of traverse for drawing the points of
the catches clear of the pegs orn the disc,

At the front of the disc where the stimulusecards are
fitted (Plate 3), four short pegs are located unsymmetrically
around the centre to facilitate standard positioning of the cards,
which have holes punched in them to correspond with the pegs.

The cards are securely held in place by a sheet-metal retainer
(also perforated to fit over the pegs) and a knurled finger-nut
that screws on to the projecting end of the shaft¢,

410



-t‘-

The front of the chassis which hinges down for fitting
and removing stimulus~-cards, has a amall window at the top
middle to expcse the stimull, and two screv-eyes engaged by the
thumbecatches that lock 4t at the upright position. A flat
metal holder for indicatorestrips is attached above the finger-
ends of the keys. (Plate 2).

Testing Procedures

Section 1 (Perseveration)
The card shown on the disc in Flate 3 carries the stimulus-

" series intended for measuring sensory-motor perseveration. There

are four kinds of geometrical figures in two colours, red and
black, arranged in two semi-circular groups with the word "Stop”
in between. Having fitted the card to the disc, and set the
latter at the starting position with the word "Stop" at segment
"C" of the card at the point where it will be opposite the window,
the observer raises the hinged front of the apparatus, puts the
catches on, and slips tho'indicatorustrip for this particular
card into the holder over the keyas. (Plates 1 and 2).

The subject is then told that red and black figures like
those on the strip will appear cne by one in the window, and as
quickly as he ca&n he must press the corresponding key with the
forefinger of his preferred hand. Reaction on & wrong key
reglaters on the counter, but the stimulus in the window remains
stationary until the correct key ies pressed. The first figure is
brought intc view by pressing the end key on the right,

The time taken by the subject to complete the first trial,
and the number of wrong responses he has made, are noted. Lrrors
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are indicoted on the counter as the number recorded in excess of
twenty~four, which in the minimum tally if all the reactions
(including that on the right-end key for starting) have been done
correctly.

In the second trial, vhen a black figure appears in the
window, the subject must press the red key marked with the same
shape, and when a red one appears, its black equivalent. But
when a figure in the window has a dot under it, then he must press
the key marked with the same shape and colour, as he did in the
firast series. Time taken and number of wrong responses made is
notod here also. The third trial is a repetiticn of the firet
(Direct Assoclation), and the fourth, of the second {(Colour
Change) .«

SectionZ(learning)

An indicator=strip with the four outer keys marked by
numbers but the four middle ones left blank (Plate 2) is placed
in the holder, and a card having numbers correspording to these
and also four kinds of black geometrical figures round its cir-
cunference (Plate 2) is fitted to the disc.

Yhen a number appears in the window, the subject simply
presses the key marked with the corresponding number. ihen a
figure appears, he starts by pressing any one of the four une
narked keya. If the stimulus moves on, he has selected the correct
key for that particular figure, If the stimulus does not move on,
he has not found the correct key and must try another. Once he
knows that a certasin key is correct for say, the triangle, then
he must always react on it whenever the trisgle appears. Simi-
larly, the key which cauces the square to move on, is always
correct for the square, and so forth. le muat try to master the
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gombinstion ag gquickly as he ¢an, making the sasllest nusber of
errora. Three identical ¢rinls are given in succeesion, the time
and number of errors for easch being noted,

Resuits and Discussion

Both the "Perserveration®™ and "Learning" sections of the
tost were administered experimentally to a group of 161 ajirepilot
candidates who were all phyeicslly-fit matriculants with normal
vision.

Table 1 gives the mean Time and Error acorss for each of
the four trials in Section I (Perseveration). As could be ex=
pocted, more time i taken and more error made in Trials 2 and &4
faquirins the additional cognitive process of sometimen having to
reverse the normal colour assoclation between response and
stimulus, and sosetimes, not.

The intercorrelations between the four trials in Section I
(Perseveration) are ghown in Table 2. 1in general, the coefficients
on the Time messure tend to be 1;;30r (mean r, C.61) than those on
the Error seasure (meun vy 0437), although between the firat and -
sescond trial they are the same, nsmely 0.58. The Lrror messure
shows lass internal consistency, because the distribution of
errors in this section of the test was rather sparse, ond ungyde
temotic influences had therefore more scope in the Error nessure.
The lgﬁguat correlation on the brror measure is between Trials 1
and 2 where the novelty of the test oitustion would have tended
to favour the productien of errorse On fbo Tine moasure; the
longeast coefficients are between identical trials: 1 and 3 Direct
Apsociation, 0,654 2 eand & Colour Chonge, 0.70. On the Error
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measure, one of the 1:§5qat is between identical trisles: 1 and 3
Direct Association, C.46. The effect of perseveration in the
broed sense of lag or inertia in establishing the correot associa=
tion between stimulus and response, while most marked in the
"Colour Change" trials, is prnbably also present to some extent in
the cognitively simpler activities in the "Direct Assoclation”
triale, Furthermore, when a "Direct Ascociation” trial such as
the third, follows imuediately after a “Colour Change" trial,

then the latter would exert a moderate hindrance effect on the
former, .

The correlation between Total Error and Total Time in
Section I (not shown in the table) is 0.38, Nothing of behavioural
interest can be inferred from this because it ies mainly ateributn; .
able to some experimental dependence between the memsures. Each
stimulus remained in position until the subject reacted on the
appropriate key, and mistakes therefore, tended to retard the
rate of work.

Table 3 gives the mean Error and Time scores for each of
the throe trials in Seotion 2 (Learning). The effect of learning
is apparent in the progressive decrease in Error and Time on

successive trials,
' In Table 4, the intercorrelations between trials are
generally higher than in Section I (Table 2) because all the
‘trials, (with particular reference to those adjacent in the test),
were identical, and moreover, twice as many stimuli were pre=-
sented in each, as in Section 1. The Error measure shows marked-
ly greater internal consistency than that in Section I, tdr, in |
addition to all the trials being 1dentica1 and longer, the
greater complexity of the learning task induced many more errors,
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The correlation between Total Lrror and Total Time in
Section 2, Learning, (not shown in table) is O.42., Here, alaso,
the result is largdﬁduc to experimental dependence between the
measures, as wrong responses caused delays.

The following correlations were obtained between the total
scores on Section I (Perseveration) and Section 2 (lLearning)s
Errors, 0.22; Time, 0.55. (N = 161). Although, in Section 2
(Learning) there were many more errors than in Section 1 (Per-
severation), errors as a'uholo still constitute & comparatively
sparsely distributed measure, and this would likewise have played
a part in depressing the "Error" correlation hers. There is also
the possibility that "Error' being a pover measure, is more
dependent on specific aspects of the tesk in either section, than
the Time measure, which shows a large correlation because rate of
work is a broader personal characteristic of the individual.

Of the 161 air-pilot candidates who did the Discrimeter
test, forty werec selected on the basia of other test procedures
(excluding the Discrimeter) to undergo flying treining. Later,
thirty=two of this group succeeded in paésing the flying course
and eight failed through poor flying ability.

Biserial correlations obtained between the Pass/Fail
criterion and total scores in the Perseveration and Learning
sections of the Discrimeter are given in Table 5. In nelther
section does the Time measure show any significant correlation,
but the Error measure shows significant correlations in both:
Perseverution, 0.46 (P = 0,01); Learning, 0«38 (P = 0.05).

In this study, the hypothesis that success in learning to
pilot an aircraft ie sssocianted with low perseveration and good
learnincg ability in a perceptual~-motor situation, is aupported
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only by the results on the Error measure. However, in a subse=-
quent investigation on paired associate learning with other
apparatus (2), results indicated that both Time and Error measures
in the learning tasks were related to certain branches of flying -
training.

Relationships between the Perseveration and Learning
sections on the Discrimeter and other practical tests are shown
in Table 6. Error in Section I (Perseveration) correlates with
nothing else except Arm-leg Co-ordination (with distraction)
where the coefficient (0,17) is probably just a chance result.

In Section 2 (Learning) the small correlations between Error and
Two-hand Co-ordination (Moede Type, Time) and Hand-foot Reaction
(Learning Time) are likewise, barely significant. Time, in Sec~
tion 1 (Perseveration), correlates with Two=-hand Co-ordination
(Moede Type, Time), 0.37; Arm=leg Co-ordination (with Distraction)
0.35; and Hand-foot Reaction (Reaction Time), 0.52.  Time, in
Section 2 (Learning) correlates with Two-hand Co-ordination

(Moede Type, Time), 0.28; Arm-leg Co-ordination (with Distraction),
0,21; Manual Steadiness (Error), 0.17; Hand-foot Reaction (Reac=
tion Time), 0.47; and Handlebars (Error), 0.21.

On both the Perseveration and Learning sections, Time
shows a wider overlap with the other tests than Error, which, in
view of the intercorrelations between the Discrimeter test trials
in Tables 2 and 4, where those for Time tend to be the larger,
lends support to the theory that, in general, correlations on
Error are smaller because (a) The .distribution of errors is com-
paratively sparse., and (b) Error is a more intrinsic reflection
of task specificity, whereas rate of work is a broader personal
characteristic of the individual. Similar results were obtained
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in the test of pairedeassociate learning (2).

There is a notable lack of relationship between the pres
sent Discrimeter measures and Flicher-fusion threshold (1). It
is therefore to be concluded that perseveration or secondarye
function on the Tiascrimeter, reflected by a tendency to work
slowly and meke wrong responses {particularly under conditiomns
requiring the reversal of normal asssociations) is not signifi-
cantly related to the perseveration or secondary function in
Flicher-fusion, manifested in the perception of fusicn of dis-
crete visual stimuli presented at comparatively low frequencies,

Table 7 gives the correlations obtained on two later

annual groups of candidates, between a coﬁbined speed and acoue
racy score on Section I (Perseveration) only, and achievement on
various other tests, The Perseveration score consisted of total
Time for the four trials, plus total Error multiplied by ten.
In Group 1, there are small correlationc with three printed tests:
Mental Alertness, Technical and Scientific Information, and
Repeated letters; and with three apparatus tests: Span of Attene
tion, ¥Willenfme Board (co-ordination) and Paired Associate
Learning (Speed). In Group 2, the composition of which, aa
regards age, sex, oducational level, intelligence, and cultural
background, was similar to that of Group 1, there are no rela~-
tionships between Perseveration scores and any of the above
variates. (Paired associate Learning was not administered), Here
there are small correlations with only Arithmetic and Gottschaldt
Figures. '

Theee results demonstrate, that very small relationships,
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although statistically eignificant, should be regarded with
particular csution, because they can fluctuate markedly, even
between samples that are very similer in composition.

Correlations between the combined speed and accuracy score
in Section I (Perseveration) and various branches of a course in
flying training, are shown in Table 8. The only ones significant
at the 5% level or better are Aviation (0.25), Athletic Sports,
Games, etce (0.36) and General Service Knowledge (0.38). 1low
perseveration, as reflected by faat working and few mistakes on
the test, would appear to be associated slightly with succeas
in these branches. The relationships of 0.23 with HNight Flying
and overall achievement in the Gfound or theoretical subjects,
are significant at the 103 level. On this sample. thers is no
correlation with the Pass/Fail criterion. It is possible that
the present combined score of Time and irror isc unsatiasfactory
as it gives undue weight to the Time measure, which in the first
validation study (Table 5) showed no useful relationship to
flying success. '

The mean combined Perseveration scores, and also the mean
scores in some other tests, of subjects whose home languzge was
respectively, Englich or Afrikaans, are given in Table 9.

In the three intellectual teots, namely, Mental Alertness,
Technical and Scientific Information and Gottaschaldt Figures, the
English group did better; particularly in Technical and Scienti=-
fic.Information, where Englishespeaking subjects would have had
the advantage of wider previous exposure to technical and sciene
tific literature in their own language. In Span of Attention
and Palred Associate Learning there are no significant differe
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ences between the groups. In Repeated Letters and Dots Cancella=
tion, vhich are mainly simple perceptual tasks requiring sus=
tained attention, the Afrikaans group was superior. A similar
result hos been obtained by Dr. ceuning of this Institute with
another test of sustained attention, the Pauli. In the Percoverae
tion section on the Discrimeter, the English group did slightly
better, the difference boing significant at the 5 level, but in
Flicker-fusion this group was actually the more secondary, vhich
is a further indication that the aspects of secondary function
measured by these two tests are largely independent.

Summary and Conclusions

1. An improved Discrimination apparatus, inspired by an carlier
design of Seashore's, but intended mainly for studying pere
ceptual=potor perseveration and pairedeassociate learning,
is described. |

2+ In Section I (Perseveration), subjects tended to take longer
and make more wrong responses when they had to deal with
changes in the normal colour assoclation between stimulus and
roBpoNse «

3¢ The Time measure showed greater internal consistency than the
Error measure, which, being much more sparsely diastributed,
wag more subject to unsystematic influences.

k. In Section 2 (Learning) there was a progressive decreace in
Time and Error on successive trials. Interetrial correlations
were generally higher than in Section I because all triales
were identical and errors occurred more frequently. _

5+ The correlations between the Perseveration and Learning sece-
‘tions were: Errors, 0.22; Time, 0.55.
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Only the Lrror measure in either section showed a signifie
cant biserial correlation with the Pass/Fail flying criterion:
Perseveration, 0.46 (P = 0.01); Learning, 0.38 (P = 0.,05).
On both the Perseveration and learning sections, Time showed
e wider overlap with other practical tests than Error which,
in addition to its comparatively sparse distribution and
hence pgreater susceptibility to unsystematic influences, 1s
probably a more intrinsic reflection of task specificity.
Rate of work is a broader personal characteristic of the
individual,

No significant relationship was found between the present
measures of Perseveration on the Discrimeter and Flicher-
fusion threhold. 1t would seenm therefore, that the aspects
of secondary~function measured in the respective tests are
not closely connected.

Small correlations between & combined speed and accuracy
score of Perseveration and achievement on certain other tests
(mainly intellectual and perceptual), were not consistent in
two similar groups of oubjects.

The combined Perseveration acore correlated significantly
with the following brenches of a course in flying training:
Aviation, 0.25; Athletic Sport, Games, etc., O.36; General
Service Knowledge, OJ38.

English-speaking subjects fared better in three intellectual
tests, and also to a slight but significant extent, in the
Persoveration test, although they rated as more secondary in
Flicker-fusion. Afrikacne~speaking subjects scored more in
Repeated letters and Lots Cancellation. In Span of Attention
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and Paired Associate learning differences between the groups
were not significant.

In the present study, three perseveration measures were
investigated in relation to other variates: Total Time for
both the "Direct Association' and "Colour Change' activities,
Total crror for both, and a combination of iYime and Lrror.
This was done on the rationale that perseveration in its
wider sense as a form of temperamental_inertia could be
expected to influence performance in both activities. lowe
ever, perseveration in ites restricted sence of hindrance
effect exercised by previously established associations over
the acquisition of new ones, is more marked in the "Coloure
Change' activity, as shown by the means in Table I. It is
hoped, later, to do another study using as perseveration
ceasures the differonces between the scores in the "Direct
Association' and "Colowr Change" activities, and scores in
the latter, only.

Learning tasks can be complicated by marking fewer keys on
the indicator-strip, and will be most difficult when there
i no indicator-strip at all, the subject being required to
learn the association between each of the eight keys and a
stimuluas. The apparatus can alsc be used for preesenting a
"problem-solving"” situation in which success depends on
recognizing some systematic mathematical or other relation-
ship between numbers, symbols, etc., appearing in the window
and other configurations identifying the keys.

The stimull on the cards can be in the form of numbers,
letters, figures, signa, colours, etc., either separate or
in cozbination, provided the overall size of each is within
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the limits of the window on the apparatus.
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Mean Time and Erroy 3cores on each of the four

TABLE 1

trials in Section 1 (Perseveration)

3.58

1. Direct Z.Colour 5. Direct |(4.Colour
N=161 Association Change | Association | Change
ERRORS
Mﬂm 1.69 26 87 1078 225
5eDa 1.84 2450 1,34 1,59
TIME (Secs.)
S.D. 404(’ 6-86 5059
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TABLE 2

Intercorrelations between test trials

in Section 1 (Perseveration)

Time

Trials N = 161 Errors

1 (Direct Asscc.) and 2 {Colour Change) 0.58 | 0.58
1 (Direct Assoc.) and 3 (Direct Assoc.) 046 0.65
1 (Direct Assoc.) and 4 (Colour Change) Ce27 | 0u51
2 (Colour Change) and 3 (Direct Assoc.) 022 0.€0
2 (Colour Change) and 4 (Colour Change) 036 0.70
3 (Direct Assoc.) and 4 (Colour Change) Ce20 | 0.60

Mean o 0-}7 C.61
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TABLE 3

Mean Time and Error scores on the three
trials in Section 2 (Learning)

N = 161 1 2 3
ERRORS

Memn 2475 | 15.23 | 10.60
SeDe 10.92 10.94 9,81

TIME (Secs.)
Mean 88.35 70,90 | 6417

SeDa 15.66 12.95 § 12.06
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TABLE &

intercorrelations between the three triale
in Section 2 (Learning)

Trials N = 161 Error _ Time
land 2 0160 0069
2 and 3 Ca79 0.83
¥ean r 0.64 Q.71
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TABLE 5

Biserisl correlations with Pass/Fail eriterion

TEST SECTION

r bis
1. PERSEVERATION
Trials 1 + 2 + 3 + 4 (Time) Q.15 045
Triels 1 + 2 + 3 + 4 (Errors) 046 0,01
2. LEARNING
Trials 1 + 2 + 3 (Time) 0.18 1 0.40
 Trials 1 + 2 + 3 (Errors) 0.38 0,05

N = 40 (Pasees 32, Failures 8)
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TABLE 6

Coryelations betwean Perseveration and learning Sections
and other teats
(Decimal points omitted)

Sect. 1 Per-! Sect. 2

Gther Tests severation |lLearnin

N =161 'Error Time | Exrror | Time
Flicker Fusion ;, 01 13 [-08 =01
Two-hand Co=ord.(Moede Type) Error 13 08 08 08
Two-hand Co-ord. (Hoede Type) Time 13 378 1 178 28s
Arm=leg Co~ord. (Section 1) -0l 12 06 07
Armeleg Coword, (¥ith Distraction) 178 355 | =03 2ls
Menual Steadiness (Time) 0?7 05 00 =01
Manual Steadiness (Error) -9 |11 |15 {178
Hend~foot Reaction ({leamrn.Time) 02 1% | 18s | 12
Hand-foot Reaction (Reaction Time) 03 528 | =07 W7s

| Hand=foot Reaction (Error) L o7 | =08 12 «08
Handlebars (Time) ] 05 -0 |=06 =07
Handlebars (Error) 03 14 08 21s

"a"_implies significance at the 5% ievel or better
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TABLE 7

Correlations between a combined speed and accuracy
scors in Section 1 (Peraeveration) and
other tests,
(Decimal points omitted)

Group 1 Group 2
OTHER TESTS N | r| 8|~

Mental Alertness 177 | 198 | 124 | 09
Arithmetic 177 | 08 124 | 198
Tech, and Scientific Information 177 | 18s | 124 | O1
Tech, and Scientific Read Cormp. 177 | Ok 124 | 05
Science (Matric) ‘ 176 | 03 | 124 {12
Mathematice (Matiit) | 176 | ok | 125 | 13
Gottschaldt Figures 132 =01 122 | 21s
Designs Test 132 | 10 122 | O7
Dots Cancellation 120 | 08 122 | 06
Repeated Letters 132 | 18s | 122 | 08
Span of Attentiom ‘ 177 | 24s | 128 | ©2
Personality Inventory ] 128 | 03 124 | 02
Temperament Questionnaire 172 [-05 124 (=13
EEG Alpha Frequency ' 118 {07 128 | 10
Floating Effect (co-ord.) 177 |-o% | 128 |-05
Variable Co-ordination 177 | o2 128 | 12
Willemse Board (Average) 177 | 158 | 128 |=02
Paired Assoc. Leamn (Speed) 177 | 238 | - | -
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TABLE 8

Correlations between a combined speed and accuracy score
in Section 1 (Perseveration) and various flying-training
criteria.

Flying Training Criteria | N r
Aerc Dynanmics 49 |=0.05
Meteorology Lo | 0.18
Aviation 58 | 0.258
Instruments : 58 [=0.02
Radar 68 | 0.18
Approach Aids 58 | 0.07
Morse 51 |=0.01
Navigation 50 | 0.15
Night Flying 50 | 0.23
Wings Test A L9 |«0.04
Ground % 49 | 0.23
Flying % : 45 | 0,09
Combined % L9 | 0.17
Total Passe/Fail 69 | 0.08
Athletic Sport, Games etc. L9 | 0.36s
General Service Knowledge | 51| 0.38s
Character 50 | C.20
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TABLE 9 _
Mean scores of English and Afriksans speaking subjects

Engliah Afrikaans C.Re of
TESTS N | Mesn S5eDe N Mean SeDe Diff.Mte
Mental Alertness 72 1 27.76 | 3.98 {105 | 24.49 5.27 | 4.68
Tech. and Scient. Inform. {72 § 37.49 h.t6 1105 | 29.99 S.it | 9.98
Gottschaldt Figures 59 | 26.86 8.13 | 73| 21.58 8.54% | 3.61
Span of Attention 72 | 43.35 | 5.99 1105 | 42.76 6.43 | C.62
Flicker Fusion 72 |259.49 | 37.64 [105 |242.67 | 44.37 | 2.70
Paiyed Assoc.learn (Time) 72 1614.38 {116.80 {105 | 649.51 {166.39 | 1.50
Repeated Letters 59 | 33.83 8.40 | 73 | 41.08 9.04 | 4.73
Dots Cancellaticn 55 [225.67 | 50.93 | 65 [244.32 | 43.04 | 2.13
Discrimeter (Persev.Sect.) |72 |151.43 | 20.22 {105 {158.85 | 29.40 | 1.98
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SECTION VI

Sussary

Technical and research agcounts are given br‘two basic
dovicis that provide useful practical media for investigating
learning processes and other abstract functions, and also for
administering various selection tests of a cognitive kind.
Both have the advantage of utilizing gravity instead of
electricity in their operation.

By means of the Multiple-choice Instructional Device,
a test of paired-associate learning consisting of three
distinct sections was applied to air-pilot candidates, on the
assumption that learning by trial-and-error plays a signifi-
cant rdle in practical flying treining.

It was not poseible to assess relisbility as the test
wag given once only mnd certain differences in the content
of the respective sections precluded theae from being treated
as similar "trials".

Validation results indicate that the test hes potential
usefulness for predicting success in certain branches of
flying training, particularly, the more practical. The most
significant correlations obtained were -0O.U43 (Approach aids)
and ~0.41 (Flying per cent) with "Time"; and 0.47 (Hours to
solo) with "Errors".

Both "Time" and "Errora" chowed small to moderate
correlations with achievement on five intelleotual tests
and one sensory-sotor test. "Time" also correlated with
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two other sensory-motor tests, and two perceptual tests,
The "Recall" measure was very specific and showed hardly any
relationship to other tests or the criteria.

Other results from thia investigation suggest that :
Errors provide a stronger reflection of specificity in the
material then the rate of work, which is a broader individual
trait, and aleo a less pure index of learning ability then the
pumber of wrong responses made., Learning was influenced by
both negative transfer through experimentsl sequence, and
differences in the degree of assoclative affinity between
stimulus items and response references., Haterial that was
temporally nearest during the learning procems tended to be
most intimately essociated in the recall task.

Using the Serial Discrimetor, based on an earlier
apparatus of R.H. Seashore's, tests of perceptual-motor
perseveration and peired-associate learning were applied to
afr-pilot candidates. Here also, Time measures showed detter
inter-trial reliability than Error measures, which, being more
sparsely distridbuted, were more subject to unsystematic
influences. The genera) effect of Perseveration emerged as
a tendency for subjects to toke longer and make nore mistakes
vhen they had to deal with a substitution task involving changes
in the normal colour association bdetween stimuli and responses.
Error-proneness in this ectivity correlated 0.46 (p » 0,01)
with Suspension in flying training. In the Learning section
Error correlated 0.38 (p = 0.0%) with Suspension. The
correlations between Perseveration and Learning were : Errors,
0.22; Time, 0.55. A perseveration score in which beth
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SECTION ViI

PRACTICAL TESTS IN PERSONNEL SELECTION



PRACTICAL TESTS IR PERSONNEL SELECTION

Introduction
From earliest infancy we start an acquaintance with

material things at a sensory-motor level, and our first ideas

are intisately concerned with these physical models. To quote
meredith (47), "We handle them, squeeze them,bite them, get
squeaks out of them, throw theam round and use them to establish
relations with people”., Later we associate verbsl symbols with
material things and learn the concept of number by manipulating
concrete units, and still later we may be largely dependent on
some form of concrete demonstration model in order to understand
an involved principle of astronomy, chemiastry, physics or
mathematios. The philosopher, to clarify his exposition of
complex tenets, makes frequent reference to his "table" - that
good, homely piece of furniture, standing out like a solid plat-
form of refuge to the poor atudent adrift on the desolate ocean
of metaphysical abstraction. Even a genius like Newton was
once indebted to a simple physical object in the form of an apple
for providing the asticulus to some tremendous mental activity.
Throughout life, for most people, concrete things resain funda-
sental to abstractions,

An inapection of an extensive list of modern occupations,
such as that compiled by Beckman (8) who bdased his particular
classification on the rating of occupational status according to
the amount of general prestige attached to the workera in various
spheres, discloses the interesting fact that, to a varying extent,
most occupations are concerned with the direct or indirect
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'manipulation of-concrete things. Those restricted mainly to the
management of ideas and symbols appear to be in the minority.

Not only in the multifarioum ranks of the unskillied, aemi-akilled.
end skilled manual occupations, but also at the sub-professional,
_minor~auperviabry. and even professional levels, a large propor-
tion of humanity makes e living by handling material thinge or
regulating ite thinking in relation to the physical arrvangement of
material things. labourers, portars,gmeseehgera and cleaners
have to work with both their brainsz &md their bands, and so do
engineers, artists, sculptors, surgeons, and executive musicians.
The "practical" and "spatiml-mechanical" factors identified by
Cox (17), Vernon (72, 73) and others play a significant rdle in
- many diverse strata of theraéeupational hierarchy, and there is
certainly some justification for the iiew. expreaeéd in & rather
startling and provocative form by Ramenathan (56), that "... the
whole edifice of human civilization ham been built up through the
instrumentality of the human hand". Yet, underlying this
1nstrumentality, there is, of course. the guidance of the humen
mind. o

5 Péraonnelvpsyehologists make a broad} working distinc-
tion between two kinds of selection test : (1) General-purpoese,
~ and (2) Specific. The first comprises teste intended to measure
what aﬁpear to be the more fundmmental attributes, like general
intelligence; abstract réas@ning; apatial and verbal ability and
other ‘major group facteors, that, to a varying degree, play,g |
part in many different occupations; and the second, tests
measuring attributes that are largely unique to a particular
occupafion or a group of similar occupations. Either of the
above teat categories can be sub-divided into : (a) Those of the .
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pencil-and-paper (or pictorial) kind, and (b) those which are
adainistered through the medium of more concrete apparatus,

The following are typical examples of this broad classi-
fication : (1a) Mental Alertness, Otis Group Intelligence Scale,
Raven's Matrices, Arithmetic, and Reading Comprshension.

(1b) Manipulative puzzles, Assembly tasks with the emphasis on
insight, Form-boards, Cube~construction, and OCbject-sorting.

(2a) Printed tests of elsctrical circuitry and workshop knowledge,
and interest inventories for specific occupations. (2b) Air-
pilots' Arm-leg Co-ordination and Floating-effect Tests (Air-
pilots), Locus-estimation Test (Air-traffic controllers), and

the Code-signal and Dynamic Coincident Reaction Tests (Mine
winch-operators).

For reasons of economy and convenience, the use of
printed tests ié favoured, wherever possible. They can be more
eanily reproduced than apparatus teats, are better suited to group
administration, require no specialized skill to administer, and
are not subject to physical variation between copies that can
affect the uniformity of the task to be performed, It is also
expedient to make full use of the general-purpose sort, as these
are ususlly well-stendardized basic tools always ready for
immediate application. The specific test, as Biesheuvel (13)
has observed, "imposes greater burdens on research resourcea”,
and should therefore only be administered when the occupation for
which selection is to be done has a highly important specific
element that cannot be adequatsly covered by general-purpose tests.
This applies particularly to specific apparatus tests that require
individual administration.
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When selection is done on large population samples, to
ensure that no costly detailed testing is wasted on candidates
who are.generally'unsuitable. it is economical practice to pfe-
screen all candidates initially on general-purpose tests, and
administer specific individuel tests only to those whose general
standard surpssses a certain minfiimum. This 48 known &8 two-stage
sequential selection (Cronbach and Gleser, 20) and was the
- procedure usually employed in ‘selecting air-pilot candidates.
Pre-screening of all applicants was dcne.an‘a short general-purpese
battery of written intellectual tests because a certain amount of
intellectual ability is essential for the pupil-pilot, particularly
in mastering the theoreticel subjects. Those who passed this
initial screen were then tested for other requirements in the air-
pilot's vocation, such as qualities of leadership; good muacular
co-ordination, ability to 1éarn in practical situations, and the
‘right kind of temperameht. : |

The principul coneideration determining the level of -
rejection in the pre-sereening test 45 the degree of relationship
* (validity) that the test is kmown to have with the occupational
’reqﬁireﬁentai ~ If selection is being done for candidature in one
of the learned professions where success usually correlstes highly
- with intelligence, then the level of rejeciion on a acreening

test of intellectusl ebility would fittingly be higher than for
air-pilots vhose vochtion. in general, is not primarily intellec-
tusl, albhough achievement in certain of the theoretical subjecte
,may correlate quite highly with intelligence. -

Another cansideration affecting the choice of a rejection
1eve1 in the soreening test is the relative proportion of the
nunber of candidates who must be selected and the total number
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available from which to select. vThis is known as the Selection
Ratio (5.R.). The selector seeks to locate the rejection level
at a sufficiently high position which will exclude those candida~
tes who are likely to fail in the occupation, but not so high v
that there is a risk of rejecting too many who might well succeed
because they are adequately endowed with the other necessary
quelities or attributes to be measured in the battery of more
specific hests that will follow.

A pre-ecreening technique that can affect appreciable
economy in test administration has been developed by Arbous and
Sichel (2). Using & similar procedure, Gotsmen (32) showed that
the N.I.P.R. tests for clagsifying African industrial workers
could be decreasged in number withuut‘markedly reducing their :
predictive usefulness. Other "sequential strategies" are
described by Cronbach and Glaser (203 p. 69).

when the eample for proceseing is small, the time and
~.labour to be saved by pre-screening with the general-purpose tests
kis of lesser importance, and 1t is preferable to administer both
'generalnpurpose and specific 1ndividual teste to all candidates and
assess acaupational suitability 4n terma of a composite score in
which the respective tests carry appropriate weights.  This
- procedure, while less economical, is rather more e!f;cient because
© it eliminntes the risk of rejecting, through pre-screening, some _
candidates who might perform well on the subsequent specific tests
that measure other attributes connected with success in the ’
occupation.

Hawever. as Eaehtoldt (63 p.1238) remarks, it is seldom
'iﬂ*personnol aslection that ready-made techniques can be employed.
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"The personnel psychologist must meet most aituations armed only
with a aethod of approsch. He must first study the probles in
terms of the purpose of the selection, then forsulate vorking
hypotheses, devise the necessary procedures, try them out
experimentally, check on the validity of his hypotheses, and
finally revise his procedures in accordance with his findings."

Becsuse apparatus tests are less economical and
convenient instruments for selection purposes than printed tests,
attempts have been made to evolve printed substitutes. Fleishman
and Hempel (27) who are notadle in this field, have achieved con-~
siderable success; however, they conclude that although some of
the factors measured by psychomotor tests may also be measured by
printed tests, there are others that are not sampled in printed
tests.

In studying the performance of engineering apprentices,
Ross (61), McMahon (45) and Montgomery (50) found that general
purpose tests of Arithmetic, Mathematical Achievement, Mechanical
Comprehension, and Verbal Abstraction gave respective multiple
correlations of 0.69 and 0.85 with a scaled superviscors' rating
and a technical theory qualification, but neither the testa nor
the above training assessaents related significantly to ratings
of candidates' subsequent performance in the practiocal factory
jobs. Tromp (71) administered similar general purpose tests to
Alr-force artisan apprentices and found that there was little
connection between the supervisors! ratings of practical proficien-
cy and either the test scores or grades in theory examinations.
A printed test of Mechanical Comprshension widely employed in
France for the selection of engineering apprentices was investi
gated by Patin and Nodiot (55), who obtained correlations of
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0.25 and 0.45 with final examination grades including workshop
practicals, but a goefficient of only C.22 witk practical profici-
ency.
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Scope and Limitation

While it seemslogical that practical abdilities can be
sampled most thoroughly by amesans of practical test situstions,
usually requiring "apparatus”, such tests are generally only
worthwhile if they are constructionally simple, physically cospact,
inexpensive to reproduce, and easy to sdminister and score. The
use of more elaborate apparatus should be reserved for the selection
of high-level specialists and personaél on whose cospetence and
dependadility the safety of life and valuable property depends.

It is noteworthy that most of the apparatus tests which
have survived the proof of time and continue to be regarded as
useful tools for selection, fulfil the above requirements of
"simplicity". Examples of these are: Koh's Block-design and
the Cube-construction test, providing measures of 'g' through a
physical manipulative medium, and suitable for use on candidates
of widely different cultural background; the Wiggly-block test of
the ability to visuslise three-dimensional structure needed in
architecture, engineering, pattern-making, sculpture, etc.

(Keane and O'Connor, 42; Remmers and Schell, 57); O'Connor's
finger-dexterity test, a useful predictor of aptitude for
aanipulating small components (Hines and O'Conmnor, 36); and the
Minnesota mechanical and spatial-relations tests (Paterson et al.,
Sh). Among such "simple"devices could alsc be included the type
of Two-hand co-ordination test introduced by Moede (49), which,
although comparatively more expensive to conatruct, provides

one of the most useful general-purpose tests of muscular co-
ordination ever devised. In principle, it reproduces the
movements of a compound slide on & lathe, and was originally
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intended as a specific test for the selection of candidates most
likely to succeed as lathe operators. However, it has also shown
validity for many other occupations requiring fine, co-ordinated
movements, like draughtsmanship, pattern-making, fitting, tool-
making, and the operation of various machines. Although the
controls of the Moede-type apparatus bear no direct reseablance

to those in an aircraft, Biesheuvel (13) found that performance on
this test related significantly to success 1nff1y1ng training.

Apparatus tests ordinarily used for selection are
intended to measure either some form of sensory-motor skill, or
the ability to btring saterial objects into some orderly relation-
ship with one another, which may be static, as in the "formboard"
type of test, or dynamic, as in a mechanical asseably that must
be capable of transmitting movement. In the spatial-mechanical
group, which includes tests of the "manipulative puzzle” sort
intended to provide measures of 'g' through the medium of a
concrete setting, while there is also a varying amcunt of sanipu-
lative skill involved, it is usually of lesser importance than the
correct idea in mind of how things are related, spatially and
functionally. Apparatus tests of perceptusl ability are less
commonly used, being confined to selection for those occupations
vhere a good visual, auditory, or tactile sense is regarded as
particularly necessary.

The greater basic inconvenience and expense of
apparatus tests as compared with printed tests is aggravated by
the fact that practical abilities, especially those requiring .
sensory-motor shkill, tend tc be very specific. Modelling a pilece
of sculpture, working a lathe, wrapping bon-bons, flying an
airorafi, wielding a tennis-racquet, playing the violin, deing a
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surgical operation - all involve “manual skill", but it is lergely
unique to each occupation. The limitation of apecificity, added
to their other disadvantages, restriocts the use of practical
tests in occupational selection, and it is hardly surprising, that
ordinarily, in the tool-kit of the personnel selector, pencil-and-
paper tests far outnumber apparatus tests. One printed general-
purpose test of cognitive adbility can cover a wide variety of
different occupations, whereas the usefulness of a test of sensory-
motor skill is usually confined to a very narrow range. It is
seldom that such a teat s found to have a degree of versatility
comparable to that shown by the Moede-type Two-hand co-ordination
sachine.

The following are a few examples of numerous investiga-
tions that have demonstrated the specific nature of practical
skills : Seashore (64) applied the Stanford Motor-skills tests to
S0 prolpcetivo winding-aschine operators, and obtained s correla-
tion of only O.14 (20.10) between the battery as a whole and
success in working the winding machines., Even a very low score
on any one of the tests was no indication that the candidate would
not succeed in the job. Valker and Adams (75), who administered
the same tests to students, found ne significant correlation
between test perforsmarnce and success in learning to use a
typewriter. The writer's simple skill tests applied to African
perscanel at a porcelain factory showed no relationship to
subsequent ratings of proficiency on the job. Biesheuvel (13)
has reported that in teasting groups of artisan apprentices for
radio and enginesering trades in the South African Air Force, it
was found that "the paychomotor tests do not contribute anything
to the prediction of either the written or the practical
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examination’; and in the case of another project, conducted on
groups of apprentice lift-mechanics, that the omiesion of the
apparatus tests "only caused a shrinksge of multiple R from 0.80
to 0.75." The addition of costly individual sensory-motor tests
to a relatively cheap general-purpose battery applied to African
winch-operators by Mkele (48), only produced an increase in
multiple R from G.66 to O.7h.

As practical abilities tend to be very specific, Drake
(25) and others have maintained that the only way of covering thea
adequately is by means of teasts that are close behavioural
representations of the actusl tasks the candidate will be required
to perform on the job. Very probably, apparatus tests specific-
ally designed for the above oocupations, would have given better
results, but in most of these projects all-round expediency would
not have wvarranted such a refinement, With regard to other
selection work done in comnection with Air-pilotage, Air-traffic
control, and machine-operation in the clothing industry, where
there was sufficient economic or other justification for developing
and applying special apparatus tests, such tests have definitely
proved useful.

The more closely a test reproduces the criterion task in
paychologically significant detail, the better its predictive value,
but the more elatorate , coatly and inconvenient it tends to become,
until a stage is reached when there seems no point in having a
separate test situation - the candidate might just as well be
tested through the medium of a probationary period at the actual
Job., The latter procoduéo. which was extensively followed from
the dawn of occupations) specislization until well into the present
century, might still be quite generally acceptable, were it not for
the unfortunate fact that, becauss of the vast increase in the
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technical, behavioural, and economic complexity of humsr enter-
prise, it often means excessive material expenditure and disruption -
of productive work, sometimes accompanied by bodily hasard to
candidates and others. Synthetic testing situations are

therefore frequently necessary, and although never ideal, can

fulfil a useful function. An example of one of these, carried to
about thcvpracticablc limit of elaboration, is the "Link-trainer"
type of test used in the Royal Canadian Air Force, which closely
reproduces many facets of the air-pilot’s task and has shown
renmarkable predictive value for pilot selection.

To the research psychologist, the main drawback of these
complex tests is that they are almost as difficult to control and
analyse into behavioural components, as the actual job situations.
To the persomnel selector this is of minor importance; provided
the test, as a whole, has predictive usefulness, it does not
really aatter if the various factors contributing to the validity
are numerous and so inextricably interwoven that they baffle
identification. However, the personnel selector is ordinarily
interested in improving his instruments, and to do this it is not
sufficient for hia to know that a test "works', but also, to some
extent, how it works, which can be quite a prohldn if the test
involves lots of variates. A precept attributed to the great
experimentalist Faraday is worth remeabering: "If you are going to
ask Nature a question, let it be a simple one.™

Ah alternative approach to the uase of complex “job"
tests say i in the development of more general-purpose instruments,
vhere the variance depends on factors rather than specific
abilities, for, as Thorndike (£9) has pointed out, complex
"job~sample" tests overlap not only in their valid variance but
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also in their invalid variance for each job. This approach vas
extensively tried out in the American Air Forces, but was only
successful wvhen the occupation itself was well loaded with some
factor or factors, as, for example, navigation, with numerical
and general-reasoning factors. The more diversified occupation
of the air-pilot was always covered better by complex than factor-
pure tests. In this connection, Guilford (35; p.879) remarks
"In the search for valid pure tests, one finding is disturbing to
the investigator who, following the traditional teachinge on test
construction, works toward maximizing the validity of each test.
If the latter is the sole objective, we almost always end up with
complex tests."

It may be practicable however, to develop a compromise
in the form of somewhat restricted general-purpose tests to cover,
say, the main sorts of sensory-motor skill required in a certain
occupation or a few similar occupations, which would certainly be
more expedient than constructing large numbers of specific ,
apparatus tests. VWith something of this kind in view, Fleishman
and Ellison (28) propose a more systematic enquiry into both teats
and occupational requirements. Their factorial results have
indicated that ssnipulative tasks generally involve four main
factors, namely, mamual dexterity, finger dexterity, speed of arm
movement, and arm-hand steadiness. Therefore, a few apparatus
tests adequately saturated with theme factors, should afford a
fairly wide occupational coverage.

Possibly there is often unwarranted concern over the
fact that moat existing general-purpose tests, while they tend to
correlate quite highl; with the theoretical aspects of practical
ocoupations, are unrelated to the sensory-motor skilla involved.
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Tiffin (70) and others have stressed that the overall success or
failure of the craftsman usually depends far more on factors of
training, experience, mechanical comprehension, and judgment,

than on basic dexterity. The performance, on a number of
sanipulative tests, of subjects who had had experience in various
occupations, was investigated by Teegarden (68), whose results
indicated that differences bdetween occupations lay more in the
ability to solve problems, react to a multiplicity of deteils, and
make accurate movements, than in speed of hand movement or two-hand
co-ordination. '

Some practical tests, that have shown only very specific
usefulness on normel subjects, can have considerable ‘general-
purpose’” value in assessing the vocational abilities of persons who
are mentally or physically handicapped. Using a battery that was
sainly practical, Murray (53) found that the potentialities of
mentally retarded subjects for a wide variety of jobs, could be
usefully assessed. A study on blind subjects by Hoffman (37)
showed that their vocational earnings correlated significantly with
their performance on the Minnesota Rate of Manipulation test and
the Purdue Pegboard.

The uses of practical tests for gauging the vocational
potentialities of unsophisticated normal subjects, such as tribdal
Africans, will be discussed further on.
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Reliability and Validity

" To be of use in occupational selection, any test, whether
of the "printed" or "apparatus" type must fulfil two basic require-
ments ~ it must be both inherently reliasble and apecifically yalid
for the intended purpose.

In 4its paychometric sense, the ternm "reliability" implies
the consistency with which a test functions. This is usually
detormined by repeating the test on the same group of subjects, or,
after & single administration of the test, by compering perforsance
between the first and second half, or hetwveen several sualler
sections, If a high degree of correlation is obtained Letween
repetitiona or sections, the test is regarded as relisble, which
means, essentially, that chance plays only a small part in the
producticn of the scores, and the individual differences in
performance definitely reflect genuine differences in some ability
or quality, at least within the confines of the partioular test.
The correlations produced by these procedures give what is called
relative reliability, which is an adequate indication of reliability
for most purposes., A more refined estimate, known as absolute
reliability, is given by the standard error of amssasurssent, which
is an estinmate of the extent to which the test scores obtained
deviate from their "true" wvalues, i.e. values that are free fros
~chbance factors and other errors of measurement. (Freeman, 29;
p.78).

/ The term “wvalidity" refers to the degree of precision
with which a test measures the attribute(s) 4t purports to measure,
and is reflected by the sxtent of correlation with some other known
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tent of the attributq being measured, or with some criterion of
achievement in an occupation. Although its meaning (4in the
paychometric sense) is very different from that of "reliability”,
it is actually a funotion of the latter, but the relaticnship ia
not reciprocal, for, while a grossly unreliable test cannot have
any uaéful validity, a highly reliable test does not neceasarily
always have high validity - it can have any degree of validity.
For example, the "Time" measure on the Variable Co-ordination test
(23) which showed good inter-trial consistency on samples of both
mine winch-drivers and air-pilots, was found to be significantly
related to success in air-pilotage, but not to success 1& winch-
driving. Reliability is intrinsic to a teat, but not validity,
| for the test has a particular validity in relation to every
criterion measure with which it may be compared. To quote
Binghas (15§ p. 221) 1 & test "... is valid for the purpose in
hand. A test can be "good" only in relation to the specific
purpose to which it is put." Gellersan (30) has also emphasized
the relative nature of walidity.

It is generally conceded that a test-measure with a
reliability coefficient of 0.80 or larger can be used with
confidence, but there are occasione when the validity may be
sufficiently high to warrant the acceptance of a msuch lower
reliability coefficient. A measure with a relimbility of 0.60
and a validity of 0.50 would usually be far more useful for
occupational selection purposes than one having, say, a reliability
of 0.93 and a validity of 0.20. A very important consideration
- 48 the degree of reliability of the criterion-measure. If this
is 0.60 it is still poasible for a test with a reliability of as
low as O.40 to be quite a useful prodictivi instrument having a
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validity of 0.49. Ghiselli and Brown (31§ p. 139) give a table
showing the maxioum validity coefficients pcoessible with various
combinations of test and criterion reliability.

Guilford (35; p.878) quotes some actual examples of
unusually low test reliadility accompanied by quite good walidity.
One of these, a 15 item judgment test in the Air Corps Qualifying
Examination, had a reliability of 0.36 (odd~even) and a wvalidity
of 0.36. He observes ".... it looks as though the common advice
that if a test shows validity one can forget about its reliability,
might be sound, at least in aome tests."

Host apparatus tests, designed and applied with reascnable
forethought, show acceptable reliability. Vhen two measures of
performance are'lftordod. namely, time takea to perform the task
and smount of error made, as in Stemdiness (22) and Variable
Co-ordination (23), the former is usually the more reliable,
because amount of error, in terms of time off the correct track,
is made up of intermittent cccurrsnces that together constitute
a time period far less than that spent on perfornins the task
and chance factora have therefore a greater influence on thie
measure, A similar result is observabdle in a test like Dots-
cancellation where the two measures are speed of work and the
actual number of errors made., The ccntinuocus nature and longer
duration of the former, favours consistency, whereas the inter-
mittent nature and comparatively short duration of the latter
gakes it more subject to random influences that impair consis-
tency.

This effect is not restricted to practical testa or
tests affording measures of time and error. It is a basic
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pesychometric rule, that within certain bounds, the "longer" the
measgure, the better its relisbility. Prolongation need not
necessarily be continuous, but can alsoc be cobtained by repetition.
Collectively, several lqparato trials on, say, a short tracking
task can he as dependable as a single trial on & long task. An
illustration of the result of repetition in a perceptual task was
given vhen two distinct techniques were used to obtain measures
of Speed of perception and Span of attention (24). In measuring
Speed of perception, & moving stimulus was exposed repeatedly at
reduced ipccdu until the subject perceived it; in measuring Span
of attention, a staticnary stimulus was exposed only once for a
brief period. The first test proved to have superior reliability.

Very high reliadbility coefficients resulting from inter-
“trial corrslation, should be accepted with caution, because there
is a likelihood that they have been spuriously augmented by some
artifact in the particular test procedure employed. Even in
tests of quite short duration, exceptionally high inter-trial
correlations often result when the method of timits is used,
becsuse of the inherent "practice and expectancy" element which
causes the response to a present stimulus to be influenced by
that made to a preceding one. The subject’s critical appraisal
of individual stisuli is thus coloured by a tendency to respond
consistently to the whole series, which produces a reliability
coefficient that is an exaggerated representation of true test
conaistence. As Reuning (60) has pointed out, this "practice
and expectancy" element charscteristic of the method of limits,
is probadbly responsible for boosting the reliability coefficients
obtained on tests of Flicker~-fusion threshold when this method
is used. However, he has established by complete re-teating,
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which is the ultimate "proof of the pudding" in such cases,
that the CFF measure has good actual consistence.

In teat design, it is far essier to cbtain reliability
than validity. Much useful basic research can be done within
the boundaries of a reliable test irrespective of the test's
relationship to an outside criterion. For example, restricting
an investigation to the szmall universe of one test such as
Mirror-drawing or Dots-cancellation, it is possible to study,
. among other things, the structure of work curves, the relationship
between speed and accuracy of performance, the effects of incen-~
tive, distraction, or fatigue, and differences bdetween sexes,
sge groups, culture groups, or norsal and psychopathic subjects.
But when a teat is to be used in selecting candidates for an
occupation, unless it has some validity, as shown by a significant
connection with success in that occupation, it has no usefulness
at all, however reliable it may de.

One of the main ressons why validity is more difficult
to achieve is that the criterion-msasure must also be consistent
and “genuine", but this consusmmation, though devoutly to be
wished, is often not possidle. The investigator seldom has direct
control over the criterion-measure, and even vhen he has, the
greater complexity of this measure as compared with the test,
makes it much less amenable to control. Criteris of occupational
success in the form of aubjeckiv. assesszents of the candidates by
superiors or peers ars comaonly very unreliable; and even more
objective measures like actual productivity on the job, promotion,
bonuio-. over~time earnings, absenteeisnm, accident-proneness, and
achievement on trade-tests, although they may be influenced leas
by random factors, are often inadequate or not available. The
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least unsatisfactory criterion is provided by examination results
after a course of training in the occupation. Here, however,
there may be some tendency for the wvalidity to be boosted artifi-
cially if the particular technique used in the exaamination bears a
very close resemblance to that used in the test. It is a fact
well known to paychometrists that the correlation obtained between
written tests is not entirely attfibntnblo to the matter contained
in the tests, but also, to some extent, to the similarity in
externsl form - they have the common element of requiring the
subject to identify printed signs on paper and inecribe responses
on paper with a pencil. A siample perceptual-motor task like
Dots~cancellation, which appears to involve very little intellec-
tual ability, nevertheless shows some correlation with high-level
intellectual taske, probably because of the common pencil-and-
paper medium. When, in addition to_thi- common medium, the test
and examination have alsoc a similarity in structure, both
requiring, say, a question and answer type of reaponss, there may
be a further artificial boost of walidity. The test may, there-
fore, be rather less a predictor of competence in the examination
itself than a predictor of ability to succeed in writing an
exanination. For selection purposes, this would not matter if
the examination was always an accurate representation of all-
round occupationsl competency, but unfortunately this requirement
is rarely met, because the relationship between them is usually
| subject to considerable error variance.

Practical tests, in which the esmphasis is on psrceptual
and motor response, ordinarily relate to such a restricted aspect
of competence in a total occupation or a general examination
purporting to represent true competence, that there is little
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likelihood of their validity being spuriously augmented to any
appreciable extent, and the same would hold for pencil-and-paper
tests that are highly specific. Even in the case of pencil-and-
paper tests of the more general-purpcse type, this augmentation
of their validity is really insignificant when the criterion-
exanination comprises both written theory and practical perfora-
ance in & variety of physlcal aituations, which is the kind of
examination given to air-pilots,

Before a test is used for selection purposes, it is
advisable to do a validation study to ascertain empirically
whether it does, in fact, relate to the criterion. Becauee this
is inevitably a laborious and time~consuming procedurs, there may
be a strong temptation to apply the test directly for selection,
on the rationsle that 1t looks as though it incorporates something
that is important in the job performance. Although there are
occasions when practical exigencies warrant this procedure, it is
always risky, for appearances can be misleading. An attempt by
the writer to combine certain elements of ""Steadiness" and Two-
hand co~ordination into a aingle apparstus (Handlebars) did not
produce a useful instrument for the prediction of air-pilot
success, although Steadineas and Two-hand co-ordination measured
on separate tests had proved of use for this purpome. In the
Hand-foot reaction test, the use of a light stimulus to confirm
correct response, on the assumption that visual atimull are
generally more important than auditory to the air-pilot, proved
to be less successful than that of an auditory stimalus. The
test of Dynamic anticipatory reaction, deapite its promising
appearance, was found to have no validity vhatever for selecting
mine winch-drivers. An external resemblance detween test and
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occupation is no guarantee that the test will sample behavioural
essentials of the ococupation.

The uncertainty of relying on "assumed" or "face'
validity also applies to pencil-and-paper tests. It is mentioned
by Bingham (15; p.9) that there is at least cne case on record in
which a well-known teast designed to measure mechanical ability
gave better correlations with success in office vork than certain
tests specially designed to measure clerical aptitude; and
another, in which an equally well known number- and word-checking
test intended primarily for clerical werkers, was found to have
more validity for success in tool-making apprenticeship than the
above test of mechanical ability. Vernon (74; p.105) notes that
& mechanical asseaxbly test used in the British aray during the
last var vas more valid for predicting success in gross physical
occupations than in skilled mechanical ones.

The thorny paths of personnel selection are strewn with
many instances of "assumed" or "face'! validity that appeared so
promising at firat, but had later to be rejected as counterfeit.

A validity co-efficient odbtained with a particular test
must always be interpreted in relation to the kind of sample froam
which it has emerged. Homogeneity in the sample structure means
greater "curtailment" or "restriction of rangs"”, and in order to
show validity the test has te discriminate very accurately between
individuails. Heterogeneity ameans a comparatively wide dispersion
of the performance-range between individuals, and a much coarser
degree of discrimination by the test is adequate for it to show
validity. Suppose, for example, that a test is applied to two
distinet groups of pupils starting on an engineering courees. The
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first consists entirely of men 18 to 20 years old who had all
passed in science and mathematics in matriculation, and the seoond,
of men and women varying greatly in age, educational status,
subjects studied, and so on - in effect, a pretty random cross-
section of adult human population. Later a correlation is done
between test ecores and the degree of success achieved on the
engineering course. The cosfficient obtained will be higher for
the sscond "unselected" group, than for the "selected” group.
Homogeneity of sample tends to depress validity and heterogeneity,
to augment it; and the more intensive the selection, the greater
becones this effect of curtailment.

In estabdblishing the validitio& of new apparatus tests
for air-pilot selection in the S.A.A.F, after World War 1lI,
practical considerations always imposed the necessity of doing so
on pretty highly selected groups. In addition to conforming to
certain standards of age, education, and physical fitness, all
candidates were screened on the basis of a battery of written
teats such as Mental Alsrtness, Mathematical ability, Arithmetic,
Technical and scientific reading comsprehension and knowledge.
Only the good performers on this screening battery, usually about
a third of the initial ssmple, proceeded to the stage of doing the
standardized battery of apparatus tests, comprising Air-pilots’
arp-leg co-ordination, Hand-foot reaction, Steadiness, and Two-
hand co~ordination (Moede-type). The experimental apparatus to
be wvalidated was also given at this stage, but the scores were not
taken into account in sudbsequent asseasment. Performance on the
standard apparatus battery, and the peracnal interview of each
candidate, first, by a trained personnel officer, and later by a
board of expert Air-force officers, increased the selectivity

462



atill further. The group accepted to undergo flying training
vags therefore made up largely of the "cream" of the original
sample, and to show validity against a pass/fail or rapk-order
criterion, the experimental test had to be capable of discrimina-
ting not merely between good, middling, and bad candidates, but
within a restricted group of good ones. In view of this, it is
hardly surprising that the apparent validity coefficients cbtained
with such experimental tests were often on the low side,

The higher the degree of correlation between the
experimental test and one or mors tests on which the selection
was done, the greater is this effect of curtailment in depresaing
the validity coefficient of the experimental test. Thias applies
particularly when an attempt iz made to check the validity of a
teat which has actually constituted part of the battery on which
the selection has been done. For example, when the test of
Flicker-fusion threshold, which showed substantial experimental
validity, vas re-validated on subjects selected partly on the
basis of their ecores in this test, the resultant coefficients
were very small.

When the experimental test is largely unrelated to any of
the procedures that have been used in selecting the group on which
it will be wvalidated, the depressive effect of the curtailment on
the coefficient is much less. This is probably a contributory
resson why the test of Flicker~fusion threshold, which had no
significant correlation with any written or apparatus test in the
air-pilot battery, showed such a subatantial experimental |
relationship to the flying training criterion.

The long term predictive validity of tests can be
greatly depressed through changes in criteria with lapae of time.
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Bass (5) mentions an instance where the successive merit ratinge

on a group of salesmen correlated 0.62 after an interval of 6 nontho,'
but only 0.29 after 42 months, and there was likewise a reduction

in the correspondence betwaen actual and predicted occupational
success. The Stemdiness Test, which had validity for the

prediction of air-pilot success during the war, had practically

none after the war, largely because in certain respects the

training criterion had become less stringent.

Validity coefficients are also depressed through the
ugse of global criteria like overall assessaents of Job efficiency
or "pass/fail" on a flying course. As Biegheuvel (14; p.297)
notes "'Only an averaging effect can result from attempts to
predict a criterion treated as if it were unitary when in fact it
’is composed of many things. No smount of refinement on the
statistical side can overcome this basic weakness.”" VWhile the
global criterion may well be the most important, where possible,
it is also advisable to investigate more specific sub-criteria,
as wvas done in walidating the test of Paired-associate learning,
which showed no correlation with overall success or failure on a
flying course, but & was found to relate significantly to certain
branches of the course.

This principle of differential wvalidation is also
applicable in the test itself when more than one measure of
perforasnce is afforded, such as Time and Error, because often it
is a particular measure that relates to the criterion; a composite
score may dilute or even cospletely neutralire the relationship.

In viev of the wide variety of influences operative in
the production of a validity coefficient, some having an enhancing
and some a depressing effect, it is not surprising that there is
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often considerable disparity between results obtained on different
saxples. The actual size of the coefficient is not the only
factor to be taken into account in assessing the predictive usefuls:
ness of a teat. Even a small degree of validity, provided it is
significant, can justify the inoclusion of the test in a selection
battery, if the test measures some function not covered by the
other tests. Of the various tests developed in the U.S.A.
during the last war for selecting air-pilot candidates (Guilford
and Lecey, 35; Melton, 46) approxisately 60 were of the "pencil-
and-paper" sort covering asny Qualiticu considered important in
the aviator's vocation, &nd six were individual sensory-motor
tests using apparatus. The best of the pencil-and-paper tests
gave a multiple correlation of about 0,50 with success in flying
training. When the six sensory-motor tests were included with
these, the multiple correlation was increased to 0,70, although
the median validity coefficlients of the sensory-motor tests were
generally low, being as follows : Complex Co-~ordinator, 0.37;
Two-hand Co-~ordinator, O.34; Rotary Pursuit, 0.27; Discrimination
Reaction Time, 0.22; Finger Dexterity, 0.ll; Steadiness, 0.09.
Each of these tests made a useful contribution because it tapped
a rather unique function; the mean intercorrelation between the
tests being of the order of 0.20 (Range, 0.45 to 0.1l).

When a choice has to be mads between two "similar' tests,
one of which has shown some validity for the particular predictive
purpose, and the other ncne, the former will have priority; and
sinilarly, when the one has shown an exceptionslly high walidity,
and the other a just acceptable validity. In cases where the
difference between the respective validities is not so dviously
great, it can be difficult and frequently imposaible to judge the
relative merits of the two tests for the purpose in hand, because
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unless the ssamples are very large, or the validity coefficients
represent the results of repeated applications of the tests, the
difference between the coefficients cannot be shown to be statie-
tically significant. Since the last war, validation studies on
testa for pilots in the S.A.A.F. have had to be restricted to
rather small groups, and except in those cases where the
difference between validites is obviously large, there is no
empirical justification for concluding that one measure is
auperior to another as & predictor of air-pilot success. In
such instances, when objective data by itself is not very helpful,
it 18 quite permieasible to give preference to certain tests on
rational grounds - in other words, to take "assumed" or "face"
validity into account, As Bingham (15; p.223) puts it t "The
psychologist either haa to let his client wait for months or
years while he resorts to new experiments and elaborate statisti-
cal analyses in order to compare the merits of similar tests, or
else he has to lean heavily, as a physician does, on his informed
common sense." Purely utilitarian considerations alsoc carry
weight in nmaking a decision., If either of two tests of say,
co-ordination, would make about the same contribution to a
battery for a certain purpose, prefsrence will be given to the
one that is more convenient and economical to coastruct and apply.

Ultimately, the inclusion of certain tests in a
selection battery depends on overall expediency. For example,
in developing a battery for the selection of mine winch-operators,
four elementary screening tests that could conveniently be
administered as group tests, and had proved of value in the
general classification of African mine-workers, were supplemented
by four sensory-motor tests requiring individual adminiastration,
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namely, Two=hand Pursuit, Dynamic Coincident Reaction, Code-signal
Resction, and Two-hand Co-ordination (Moede types). The simple
screening battery by itself, consisting of Cube Construction,
Letter-and-nuxersl Sorting, Object-Sorting, and Tripod-Assemdbly,
gave a multiple correlation of 0.66 with success in winch-driving;
the sensory-motor tests, as a group, 0.71; and the entire battery,
C.74. Although the addition of the sensory-motor tests produced
sn appreciable gain in the wvalidity of the battery, in teras of
“operating characteristics" (Mkele, 43) it was still not regarded
as sufficient to justify the inclusion of these tests, because of
the time and expense involved in their construction and adminis-
tration.

Such a conclusion may be warranted in relation to an
occupation 1like mine winch-driving, where losses sustained in
training operators who turn out failures are not very great, snd
where serious damage to equipament or physical injury resulting
through cperaters' incompetence, is fortunately of comparatively
rare occurrence. But in selecting for a hazardous and highly-
skilled occupation like air-pilotage, where training is extreaely
expensive, and accidents often mean loss of life and great destruc-
tion of equipment, a gain in battery validity, equivalent tc the
above would be very valuadle, and fully justify the retention of
the more costly and time-consuming tests.

In the foregoing discussion, the general ters "Validity"
was used to designate the usefulness of a teat for forecasting
behaviour or achievement in some other sphere of activity. This
is also known more particularly as Predictive Validity. There
are other concepts of'vnliditj vwhich can be described briefly as

follows.
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Operational Validity implies that the test provides
an acceptable medium for messuring and assessing activities of a
definite kind. For example, the Moede~type Two-hand Co-ordina-
tion machine tests a certain pattern of muscular co-~ordination,
but not all muscular co-ordination. As this test has been found
to diseriminate well between individuals, with respect to the
particular co-ordinative activities involved, it can be said to
have "Operational Validity", which is closely related to the
concept of 'Reliability".

Tests that are operationally walid may or may not be

~ predictively valid. For example, tests of Steadiness which have
been found to possess "“Operational Validity" as measures of fine
muscular-control, will probably be of very little use in
predicting success in surgery, because, although steadiness plays
a part in such a vocation its overall importance is outweighed by
that of other factors such as‘khowlodge, exporience and judgment.
On the other hand, Steadiness tests have "Predictive Validity"

for success in rifle-marksmanship, where fine muscular control

is a principal requirement. (62, £6).

Content Validity has some similarity to "face vallidity",
in so far as its estimation is hypothetical rather than empirical.
It refers to the extent to which the test is representative of
the activities it is desired to measure, in accordance with the
best subjective Judgment available, sometimes, dbut not always,
aided by previous empirical findings. While this concept is
usually confined to printed tests composed of a large number of
individual items, which should all bear some relevance to the
variable to be measmured, it can alsc apply to apparatus tests.

As an instance, might be mentioned, that in planning the specific
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‘Arm-leg Co-ordination test for air-pilots, it was necessary to
welgh fhe merits of various alternative mechanical systems and -
evon build a few crnde experimental lay-outs, before deciding on
a gystem that appearsd to provide the most promising task for
measuring the kind of co-ordinetion required by the air-pilot.
To have the best Content Validity this task had to reproduce,
as far as posasible, the aesaﬁtial pattern of co-ordination '
in piloting an sircraft, rather than that involved in ocme other
activity like riding a bicycle, driving a motor car, or rowing

2 hoat. Good content validity is the essence of a good specific-
duty test, whether of the priuted or spparatus kind.

Concurrent Validity is & rother new céncept which appears
to have both a géneralsand a more mpecific meaning. Gererally
it refers to the degree of relationship between test performance
and the status or classification of the subjects at the time they
were tested. For example, in validating general-purpose tests
for Africen mine-workers, men from three different levels in
the occupational hierarchy on the mine were tested. and most of
the tests proved to be eoncurranely valid in-fhat.theae'uas a
“ slgnifieant correapondenca between achievement level in the tests
and the occupational level at which the subjects were being
employed. Similarly, the Mark I model of the Air~-pilot's
Arm-leg Co-ordination Test was applied to both 8 group of
experiéneeﬂ pupil-pilots and a group of imexperienced recruits,
the concurrent validity of the test being 1ndicated by the fact
that the former group performed significantly better.

_ HoneSpecifically{4Concnrrent Validitx refers to the
usefulness of a test s a substitute for some already existing
procedure measuring similar abilities or traits. In this case,
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the exiating procedure is the criterion. From the standpoint of
personnel selection, it is usually only expedient to seek the
eastablishment of validity in this apecific sense if the existing
procedure is costly or cumbersome and the new one promises distinct
sconomic or ofher practical advantages; for example, with the
object of replacing an elaborate apparetus test which has well
established predictive validity, with a behaviourally similar,

but constructionally, wuch simpler piece of apparatus, or even a
pencil-and~paper substitute. If the new procedure correlates
highly with the old, it is regarded as being concurrently valid.

Construct Validity is a new and more rcfinod'concoption
of "Content Validity"; so refined, in fact, that its precise
meaning (if it hes any) is probably only comprehensible to the
esoteric few who (a) have immersed themselves long and deeply

in the copious controverasial literature, and (b) have a mental-
alertness level well above the cut-off point for admission to
membership of "Mensa'.

Among other things, the concept would seem to imply that:
(1) The hypothesis underlying the design of the test is based
extensively on empirical findings from previous tests of the
quality or attribute to be measured. (2) The quality or attribute
has been snalysed and defined (by factor analysis or other methods).
(¢) Through adequate experimental application, proper scales of
measurement have been established whereby the performance level
or "status'" of a single individual can be fairly accurately
assessed in terms of the specified quality or attribute, and in
relation to the raunge of measurements derived from the population
samples that have been tested experimentally. In general, the
emphasis appears to be on empirical rather than hypothetical
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determinations of test content. The Englishes' dictionary (26)
states that the "construct" must be explicit ! "Thuas, for a test
of manual skill, one needs to know exmctly what kinds of behaviour
exemplify manual skill".

Acocording to Cronbach (19 p-lad). "Construct validation
is an analysis of the meaning of test scores in terms of psycholo-
gical concepts."  Freeman (29; p.99) defines it thus: "A test's
construct validity (including factorial validity) will indicate
the paychological operations on the basia of which one's test
performance may be explained and evaluated"”. Loevinger (43;
p+636) maintains that "....since predictive, and content validi-
ties are all eagentially ad hoc, construct wvalidity is the
whole of validity from a scientific point of view". Cronbdbach
and Meehl (18; p.282) say that "Construct validation is involved
whenever a test is to be interpreted as a measure of gome attri-
bute or quality which is not 'operationally defined'. The
problem faced by the inveatigator is, 'What constructs account for

variance in test performance?' " According to the APA (13 p.lh)
"Construct validity is ordinarily studied when the tester has no
definite criterion measure of the quality with which he is
concerned, and must use indirect measures. HNere the trait or
quality underlying the test is of central importance, rather than
either the test behaviour or the scores on the criteria.”

Obviously, between some of the above interpretationa,
there are considerable differsnces. One geta the impression
that this concept is less a concept of "validity” than of method-
ology, and as such, B lends itsel? to various interpretations,
all of which may be scientifically acceptable, althéush they place
the emphasis rather differently. In the cpinion of Bechtoldt

471



(73 p.628), "The renaming of the process of building a theory of
behavior by the new term "construct validity" contributes nothing
to the understanding of the proceas, nor to the usefulness of the

concepts,."

Cross Validation sisply means a repstition of the
process of predictive validation with one or more groups of
other subjects, which provides a truer estimate by tending to
even cut chance factors that may have induced a spuriocus augnenta-
tion or depression of the preceding correlation(s). To establish
with reasonable certainty that the predictive wvalidity of a test
is dependable enocugh for selection purposes, more than one
validation study is advisable, particularly when the test samples
are on the small side. In this ¢onnection, Biegheuvel (14; p.317)
has noted : "The still far too prevalent practice of equating
unreplicated statistical significance with practical usefulness
invites one-sided attacks on the scientific status of personnel
selection.”

It has been pointed out by Freeman (29; p.99) that
content, construct and concurrent validities are actually
"evaluations of the extent to which the device estimates an
individusl's status at the time the test was administered. From
the viewpoint of applied psychology, every test, whatever the
type, pust ultimately be shown to have predictive validity."

He considers that the latter is the most important characteristic
of a test. o
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Affective, Conotive and Social Aspects

The applicétiap of apﬁaratua teats for objectively
meaaﬁring traits af temperament-ané personality, dis comparatively
rare, mainly because so 1ittle has been achieved in developing
dependable tests of thies kind. Among the more suecessful are
electrical skin-conductance, éipha~:requency on the electroenceph-
alogram, involuntary hapd-tremor, and thresheld for flicker-fusion.
 Apparently the latter pfovide& aome'meaénre of "primary-secondary"
function that seems to reflect a temperamental quality associated
with succese or failure in learning to pilot aircraft.

Although objective measurement should be used in
scientific work wherever poessible, subjective observation can
have great value, particularly in biological fields, and in many
situations it ie the only practicadble method. As a rule,
scientific achievement of any worth has always resulted from the
combination of both aystems. Temperament and personality
qualitiéS'haﬁe been snccessfuily assessed by "projective techniques®
like wordaaSSociatian, sentence-completion, and thematic appercep-
tion, in which the interpretation of results is a largely subjec-
tive m#tter, However, for purposes of accupatibnal selection,
the majority of bothAthese'tests‘anﬁ the more objective ﬁphyeio~
logical" procedures mentioned above, have the dravback 0% taking
rather long to administer and interpret, and requiring the
sefyices‘or highly specialized testers.

When a sabjéet perfbrmeaa‘practical test, there are often
facets of behavicur such as talkativeness and the kind of question
asked, diatractibility;_restlessneas; manner of setting about the

+-
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task, overt signs of tension or fear, reactions when nistakes are
made, perasversnce, ccnfidence, interecat, willingness to eo-operate;'
and S On, giving a trained abserver aupplegentnry inforgation,
thet, for selection purposes can sometimes prove of consideradly
greater'worth than the cbjective measure of the candidate's
proficiency af the tosk. For although the latter may have
auhstaatial predictive usefuluesa. this usuelly relates to a
rectricted aspect of the occupation, whereas suitability of
tcmperamcnﬁ; personality, and interests is absolutely fundamental
for successful adjustment to the occupation as o whole. It 18
probable that in all fields of human setivity, temperament and
peraonality variobles play & major part in the ceusation of
accidenta, from minor omes to the most sericus.

, The following apﬁaratun tosts were included by Reuning
and fiosen (58) in their battery when they investigated the
obzorvation of temperament vardables in skilletest situationst
Mechanical eptitude, Hand-foot remction; Steadiness; and
Floating-offect (co-ordination). V¥hile a certain lack of
relationship botwesn the rotings by three different pairs of
choervers wae found op individusl items, the overall acsecamente
appearad. for the mast part, to de reaaonably conaiatent..

in aeaemaing the temperamental appects of n subject's

bohaviour on sensory-motor and other performance tests, there are
two main forms of bies to be considered. The first rolates to
the actual proficiency of the aﬁbiect at the task. Following on
© their previous study, Reuning and Rosen (59)-raporteﬁ a consistent
tendency améng observers to rate the more succesaful subjects -
highly on temperanment traite reg&rdéq‘as désirablq,' vThe second
bias relates to the oboerver, who, as Baehr (4) has demonstrated,
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is influenced in his jndgmant by his own temperazent make-up, end
tends to be more favearahly diepoaeﬁ towards certain snbjeete
than others.

Notwithatanding its limitations. the observationnl method
wop applied with comsidersble success in the Aptitude Tests Jection
of the 5.A.AF. during World Wsr IX. Biesheuvel (9) found it
very naeful.'not only in refining the melection of pilots, navigae
tors, anﬁ‘airhsﬁnners. but aleo in discrimineting between fightere .
ond bozber- or reconnaiesance-pilots. Objective test messures
alone proved much less successful Qhau the combination of these
with eritical obaervatioﬁs of overt behaviour in the test
situation. - | ‘ '

While many practicel teets provide situations for
obaerving affective, conative mnd oocisl aspects of bebavieur,
the most useful in this respect are those well loaded with o .
frustration eloment, like Chopstiﬁks (?1). or some other etress
. such as the threat of electric shock in Variable Cowordinstion
- (23) 'ond Steadiness (92).

» Althaugh it ie gomewhat lean spﬁcialimad than the
"projective techuique" or certsain af the more complex "phyaio- N
logical” procefures, the obaervatiomal study of overt reaction in

performance teste does require censiderable experience and -
judgment on the part of the tester 4f it is to be of any value

in helping to sound the occupstionsl suitability of candidates.

Not only cay certain significant “clhea“ bve missed, but others

may be quite wrongly interpreted. Conaidor, for example,
manifestations of “tension” by the subject. A critical appraisal
of geveral early investigations on emotiomal reaction to stress
situations by means of practical tests was done by Arnold (3),
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who, on the strength of his own experimentsl results and those of
othérs. concluded that there are two mein kinds of tension,
~ voluntary, which ic the rosult of conscious effort by the subject
and actually assists his performance, and 1nvoluntggx, which is
neurotic in origin and tends to inhibit performence. Thia
conforms to our observations in testing air-pilot candidates on
various practical tests. Tension on the controls, unless it is
accompanied by very marked tremor of the limbs, is not necessarily
" an unfavourable sign. On the Variable Co-ordination test (23),
objective confirmation of this wae afforded by a significent
| poaitive correlation obtained betueen heavy, prolonged pressure
cu the foot-controls and subsequent success in learning to fly an
air-craft. | L '

If it &8 practicable io include a "projective" or
" "physiological® test‘of temperament qualities in a selection
battery, so much the better, but they'ahopld not be regarded as
substitutes for'the'caiaful and eyétematic obzervation of subjects!'
general behaviour in sensory-motor aend other performance tests,
‘which are &ynamic situations favouring the manifestation of
important idiosyncrasics that are likely to remain obscured in the
more physically static type of test aituation._

Skawran {65) employed the Willemse-board as a mediuvm for
asgessing aspiration level. A 15&&, sloping board had to be
manipulated by the subject to steer & rolling marble into a pocket
that could be fixed at various distances along the edge of the
board, in accordance with his atated_opinibn of the distance he
-felt he could nchieve. Significant corfelationq were obtained
betwesn certain measures of aspiration and succees in air-pilot
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training.

The situational test can also be ¢f value in providing
global estimates of an sbility. Kamfer (41) used a piece of
meteorological apparatus to assess the instructional ability
of potentisl army instructors. The purpose and functioning
of the apparatus was first explained to each candidate, and he
vas then required to describe these to a group of assessora.
Ratings were found to correlate significantly with examination
grades achieved by the candidates at the Military College.
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Application to African Subjects

A field of personnel selection in which apparatus tests
are proving very useful, is that concerned with the testing of
Africans for educational and vocational placement. Many candi-
datea lack the minizal degree of literacy and sophistication
required for doing pencil-andepaper or pictorial tests, and even
to the more “advanced" African, such tests are often "culturelly
inappropriate'’. As Biesheuvel (11) observes : "Hias score may be
lovw, not becsuse the particular act of reasoning or abstraction
required by the probles is beyond his, but because the assignment
has deen put to him through the medium of & foreign symbolisa
wvhich he does not underatand." FPractical teats can, of courae,
also be culturally imappropriate for Africanes, but usually they
are less defective in this respect than printed tests, because
adjusteent to physical reality, and the handling and arranging
of concrete objects, are hasic processes common to all cultures,
although they may differ in specific detail.

The sxperiences of European cbservers in Africa,
including pioneers 1ike Burton (16) and Speke (67), afford many
inatances showing that prisitive Africans respond to the physical
noveltiee of Europesn civilization far more readily than they do to
intellectual, sacial, morsl and aesthetic concepta., A hundred
years ago, Mtesa, the intelligent young king of Uganda soon
mastered the basic technicalities of the most modern firearss of
the period, unwisely introduced by Speke, and became a very
enthusiastic and quite passable markssan, but he could never
realize that by English standards it was unsporting to shoot tawe
domestic cows at point-blank range merely to show off before his
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harem, or that there was anything wrong in telling fibs, breaking
promises, purloining the property of others, and cruelly executing
his subjects for trifling breaches of court etiquette. It was
also quite beyond his comprehension that a European should value
perscnal privacy, appreciate landscape for its own sake, and be
unimpressed by the beauty of aristocratic Waganda females sc fat
that they could not stand upright.

Although the spread of European culture in some parts of
Africa has induced many radicel changes in the attitudes of the
indigencus peoples to European values, adaptation continues to be
more positive in the sphere of material things and physical
activities than in that of abstract ideas, and it is usually
through the medium of practical situstions, involving apparatus
of some kind, that the tribal African's ability can be most fairly
assessed, This would also apply to the less sophisticated
inhabitants of other parts of the world who are likewise still in
the process of adapting to a more complex way of life forced upon
them by the spread of Western or Neo-eastern "civilization'.

The nuisance of having to rely so extensively on
apparatus testas in African selection, is considerably mitigated by
the fact that tests of this kind usually have greater "general
purpose" vcraltility for Africans than for Europeans. Cne
probable reason for this is reflected in a view expressed by
Murray (S52; p.73) that there is “a strong manipulative element in
the structure of African intelligence'. Another,is that African
population samples are, for the most part, very heterogeneous,
because there is very little automatic pre-selection.

Some of the apparatus teste originally developed in this
Institute for the clasgification of African labour in the South
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African gold-mining industry, have also proved of value in
various secondary industries like motor-car assemdbly, bdbuilding
conatruction, brick-and-tile making, and the manufacture of metal
goods. In West Africa, they have been successfully applied on
both gold-mining personnel and military artisans; and in Kenya,
for the selection of workers in the tobacco industry. Another
example is provided by two tests of implement manipulation (21),
namely, Chopsticks and Tweezer-nozzls, which were originally |
intended by the designer for the measurement of quite fine motor
ekills, and yet, when applied by Hudson, Mokoatle and Mbau (39)
on a sample of African operatives in a factory producing nuts snd
bolts, were found to correlate with success at 2 coupargtivoly
crude assenmbly task like "nutting". In another organization,
specializing in the production and assembly of steel pipes and
fittings, the Tweezer-nozzle test is contributing usefully to a
battery for the occupational grading of African personnel, and
here, too,there is vory little external resemblance between the
kind of manual skill seasured by the test, and that required in
the job situations.

It seemn, therefore, as though some tests which are
sainly limited to the tapping of rather specific manual skills in
Europsan subjects, when administered to Africans, also provide
significant measures of cognitive ability and, what Vernon (74)
calls "general adaptability to the unfamiliar testing situation",
While there is considerable evidence, provided by Murray (52) and
others, that the structure of the African nind is characterized
by factorial simplicity, this bas usually been derived from a study
of African performance in "European" tests. Wwhether it also
applies in the African's own cultural fields of arts and crafts,
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language, music, intellectual gemes, folk<lore, and adjustment to .
natural environment..has stil) to be demomstrated. In any test
situetion devised and administered on conventional Europqan lines,
the African is handicapped by the additional burden of having to
contend with a strange milieu, and_the lese contact he has had -
with Enropean culture, the greater this handicaﬁ.; In validating
apparatue tests for the screening of African labour on the
Witwatersrand goid mines, Hudson (33). Gouwéi?nd Biesheuvel (10)
found that the subjects’ educational 1evel and length of mining
experience (which can be regarded as qnite good reflections of
the amount of previoua meaningful association with European culture),
hed a marked influence én certein test performance; Gouws (34)
has also reported differences in the test performance of respec-
tive tribal groups.  Subjects from the East Coast and the Cape
Province tended,fé be supericr‘tp.thoae from other South African
-provinces and the Tropice. The fact that Mocambique and the
Cape of Good Hope have had longer exposure.to Buropsan influence
_thap the other parts of Southern Africa, may be significant.
Biesheuvel‘coniiders,'hbwever. that rcgional‘differencea are
'mainly due to differential salection. |

It is probably becsuse of qualitative rather than

quantitative differenees between.the nental structure of the

- regpective groups, that anAEnropeun-conceived teste the mean
scorcs of Africans ténd to be lower than those of Europeana. As
a rather extbemg hypothetical example of the converse, situation,
imagine & group of typical European city=dwellers being "tested"
in the Kalahari by the Bushmen to determine their ability at
tracking gamé; finding food and weter under the most adverse
conditions. identifying numerous planta and insects, making and
'using bous and arrows, ma-tering the intricate details cf
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traditional chants and dances, steering true courses across
pathless wastes without the aid of a compass, and sustaining
morale under the stress of thirst, hunger, fatigue, and extremes
of heat and cold. Very few of the European candidates would show
themselves to be "good occupational risks'" in this astrenuous and
precarious way of life, and for most of the failures there would
certainly be no further aptitude testing, either in the Knlahari
or anywhere else.

A point which should always be kept in mind when
selecting Africans, particularly those who have had little contact
with European culture, is that test scores are likely to be an
understatement of true ability. A candidate who fares indifferent-
ly on the tests may still succeed tolerably well on the job after
a period of sdaptatiocn and training,.

Personne]l selectors would generally agree that whatever
the race or degree of sophistication of the candidates, it is
desirable for them to perceive some logical connection between
the tests and the occupation. Motivation is thereby increased,
and the test scores are likely to be a more accurate index of
ability. This is another conasideration favouring the use of
practical situations in soleéting for practical jobs. The
candidate's 1dea of the connection between test and Job need not
necesasrily be a true one. It can be quite imaginary, and
provided it appears scund to him, still useful. 1In an interesting
account of the reaction of African mine-workers to aptitude
testing, Masilela (44) mentions some of their ideas about the
- relationship between the apparatus tests and the actual jobs
underground. For the moast part these were pretty close
assessaents of the functions of the tests, although the candidates

482



founded their notions on the incorrect, but quite logical
assumption, that the testing depot was a '"school' and the tests
were specific devices for training them to mcquire proficiency in
the various Jobs.

In adainistering tests to Africans who have spent most
of their formative yesrs within their own tribal envirconment,
observers are faced with the prcblem of communication. There
are 30 many different languages and dialects that it would hardly
be possible to evolve and apply standard test instructions in the
home language of all candidates. A lingus franca like the
Kiawahili of Equatorial East Africa or the Fanakalo of the South
African gold mines bas rather limited usefulness when the test
sample io very polyglot. The use of apparatua tests enables
practical demonstrations of test procedurs to be given, which
require little or no supplementary verbal comment. When testing
large groups, the observer administers the mime in conjunction
with a large-scale demonstration model of the apparatus, or
projects a short motion-picture on a screen. The latter procedure,
originally developed by Biesheuvel (10) and Hudson (38) for use on
the Witwatersrand gold amines, has since been widely applied in
African selection, and possesses the merit of not depending on
subjective ability td demonstrate, which may vary with different
observers, and also when sxercised by the same observer on
different occasions.

Pencil-and-paper tests, particularly if the material is
of an abstract nature, are far more difficult to demonstrate through
a non-verbal medium thlﬁ simple apparatus tests, and the obazerver
seldom feels certain that all the subjects know exsctly what they
are required to do. Dr. Reuning of this Institute has fqund
that even in a simpie pencil-and-paper test of ''gestalt-continua-
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tion", which involves reproducing a rhythmic visual pattern by
joining printed dots with short pencil lines, many illiterate
subjects fail to grasp the instructions, which are given carefully
in mime, and there is the further complication that to persons
who are not used to hendling & pencil, the joining of dots with
pencilestrokes is quite an exacting task by itself., He proposes,
in his next investigation, to modify the procedure by including

a short period of pre-test training to ensure that the test
requirenents are understocd and to give some elementary practice
in the sensory-motor task of menipulating a pencil.
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Conclusion

_ Whatever the ethnic composition or degree of sophistice=-
tion of the sample on which gelection is being done, and whether
the main reliance is on "practical" or "theoretical" tests, it
chould never be forgotten fhét. firstly, personnel selection
constitutes only one branch of the extensive and varied study of
- the relationship between man and his working environment, which
Biesheuvel (12) aptly colls "occupational science'; and secondly,
that the aﬁility of m candidate to perferm certain work is only
one requiremeht for his success in an occupstion. His tempera-
ment, personality. intereats, values and attitudes are also '
important.

¥odern industrial organization is becoming more and more
aware that in repetitive prodnct1ong particularly, the overall
efficiency of the worker depends lees on actual motor skill than
. on the satisfaction which he experiences from exercising such
skill as he possesses, his relationships with co-workers and
overseers, adaptation to the working environment as a whole, and
last, but not necessarily least, the stability of hia domestic
life. Emphasis on the mechanization and rationalization of the
work jtself end on the technical efficiency of the worker as an :
animated machine, which wag the credo of most Victorian industri-
alists, and even of some psychologists like Miinsterberg (S1)
in a 1ater‘era. is being tempered by more humanistic appfoachesgv
and by making the well-being of man, rather than his productivity,
the end in view, his productivity is actually increased. 4As a
rule, industry sustains far greater material losses through
absehteeism; accidentes, occupatianai psychonsurosis, laboure
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managenment disagreement, and other forms of msladjustment
relating to social, temperamental, and perscnality factors, than
through any sensory-mcter or cognitive inefficiency of workers on
the actual job.
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Summarx

Concrete things are more fundamental than abstractions,
and most occupations are concerned with the direct or
indirect manipulation of concrete things.

Tests used in personnel selection fall into two broad
claases t (1) General-purpose, measuring the more basic
attridbutes and applicable to many different occupations;
and (2) Specific, measuring attributes largely unique to
a certain kind of occupation. Either clasc can be sub-
divided into (a) Printed tests, and (b) Practicnl tests
involving more concrete apparatus,

General-purpose tests are usually more economical and
convenient than Specific tents, and printed tests, than
apparatus tests. There are practical factors not sampled
by printed testa,

As a rule the more succeassful and widely uced apparatus
tests are constructionally simple., The use of elaborate
equipzment is only worthwhile for high-level or vital
selection, and even here, complication beyond a certain
point ceases to be useful. liost apparatus tests have
rather restricted application because practical abilitles
tend to be very specific.

Important elementary implications of reliability, wvalidity,

and the criterion measure, are briefly diacussed, Practical

487



6o

7

testa usually show acceptable reliability, "larger“

measures being the more reliable. Sometimes reliability
may be spufioualy augmented Ey the particular test procedure.
Velidity, which is closely related to the internal consis-
tency of the criterion-measure, is generally more 4ifficult
to achieve than reliability. "Assumed" or "face" validity
can be deceptive. The size of a validity coefficient is
not the onlv‘factor-determining the value of a test.
Ultimately, the value of a test is dictated by ever&ll
exyediency.

Practical tests, pérticularly those having an element of
otress, provide useful situations for assessing temperament .
and personality qualities by observation. However this

-subjective technique requires a certain modicum of

experience and judgment.

Because orientation towards concrete reality is the

greatest common factor pervading all cultures, yractical

. tests are usually less "culturally inappropriate™ for .
‘Africans than poncileandepaper or pictorial tests. Never-

theleas, in any test situation devised and administered on
Buropean lines,  the African,has to contend witﬁ a‘strange_
milieu. Practical tests have greater "general-purpose®
value for Africans than for Eurcpeans, meinly because of
qualitative . rather than quantitative differences in the
mental structure of the respective groups. Practical
tests usually‘give subjects a botter idea of the connection
between tost and job, which favours motivation. They also
have the advantage of being demonstrable to polyglot sroupa
without the need for verbal explanation.
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~ Personnel selection is only one branch of "occupational

science", and the "ability" of & candidate is only one
requirement for hie success in an occupation. His
temperement, personelity, interests, %alués and attitudes
are also impertant,
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Final Overall Discussion and Conclusion

Animal behaviocur, and particularly that of san, can be
roughly but conveniently classified into the following five
processes : (1) Sensory, concerned with the reception of
physical stimulation. (2) Pergeptusl, in which the sensory
data is interpreted. (3) Motor reactions in response to
sensory or perceptuel processes. (U4) Emotionmal, involving
affective or conative sets. (5) Intellectual, which involves
a complex amplification of the perceptual.

For both the study of these processes in order to further
scientific kmowledge,and the application of the knowledge
gained to useful practical purposes such as vocational guidance,
personnel selection and classification, the improvement of
equipment handled by people, and training,apparatus of various
kinds can be a great help, and is often indispensadble to
provide controlled testing comditions and make accurate,
objective measurement possible.

A very extensive area in which apparatus is pretty well
essential, is that of Sensory-motor activities, where the main
purpose is usually the odbservation and measurement of muscular
movements. The tera "motor" implies movement, but because the
movements of animate organisas are never purely mechanical,
these activities are preferably referred to as sensory-motor,
psrceptual-motor, or psychomotor. Directed or voluntary
movements that require skill of some sort sre generally of
wider interest to psychologists, educationists and employers
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of personnel, than involuntary sovements, although the latter
can often be significant in the diagnosis of physiological or
epotional states.

The technical designs and experimental apblications were
described of seven more or less complex apparatus tests
intended mainly for measuring the sensory-motor skills of
prospective air-pilots. All the tests had useful reliability,
and in all there were acme measures that showed a significant
relationship to success in flying training. However, two of
the tests that involved very fine patterna of musculer control,
namely Handlebars Co-ordination and Steadiness, appeared to
have the least usefulness for predicting success in flying.

The correlaticns between thea (Time, 0.533 Error, 0.40) were
exceptionally high for sensory-motor tests administered to a
sophisticated group.

The validity coefficients obtained with these tests were
probably depressed by the reatriction of range in the criterion
groups through pre-selection. This would have applied
particularly to Specific Arm-leg Co-ordination, Steadiness,
and Hand-foot Reacticn, which were ingsluded in the actual
selection battery.

'In Steadiness and Variable Co-ordination there was sonme
evidence that the threat of physical punishment for incompe-
teuco; in the form of moderately unpleasant elestric shock,
was beneficial to the wvalidity of a test in relation to a
Physically hezardous occupation like flying.
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Although the tests in Gection I were intended mainly for
air-pilot candidates, aome of them might have wider uses in
both basic research and occupational selection.

Of the thirteen sensory-motor tests intended mainly for
industrial research and classification, three were "Assembly"
tests involving both sensory-motor skill and the ability to
perceive three-dizensional form relations. Twelve of the
tests showed useful reliability. It was not possible to
assess the reliability of the "Three~dimensionsl" Peg-board,
because it was given as one continuous task.

The two tests of fine Implement msnipulation, namely
Chopsticks and Tweezer-nozzle, correlated significantly with
a factory operation of "Nutting". Chopsticks showed small
significant relationships with Secondary Function, Emotional
Stebility, Visual Selective Remction, Visual Perception Rate,
Heart and Respiration Rate. A coefficient of ~0.36 was
obtained between Chopsticks and Pyruvic Acid level after
physical work, probably attributable to biochemical factors
influencing behaviour. Chopsticks was found useful as a
situation for cbserving temperamental manifestations.

On Tweezer-~Nogzzle, where it was possible to compare the
respective performances of Africans and Eurcopeans, no
significant differences were found between the groups. Good
performers tended to estimate their achievement more realisti-
¢ally than inferior performers. Most subjects were inclined
to over-estimate what they could actuslly achieve, and the
over-estimators tended to be less realistic., Mild to moderate
alcoholic intoxication d4id not affect performance.
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The six simple skill tests, namely Tweezer-Nuta, Tweezer-
Mirror, Two~-hand Sticks, Steadiness Stick, Tray Co~ordination
and Ring Throwing, provide a wide variety of manipulative
patterns, are also suitable for group administration, and have
the advantage of being comparatively cheap to reproduce in
quantity. These tests showed no validity for selecting
operatives in a porcelain factory, which could partly have
been due to the lack of specific and dependable criteria.

The respective skilles tepped by them tended to be highly
specific, with a mean intercorrelation of only 0.15. Among
the less intelligent subjects there was more overlap between
mental and sensory-motor abilities than among the more
intelligent.

Of the tests sdministered to mine-workers, Object Sorting
and “"Three-dimensional" Peg-board discriminated well between
the Non-mechanical, Mechanical, and Supervisory categories;
and Tripod-and-weight, between the Non-mechanical and
Mechanical, but not between the Mechanical and Supervisory.
Object Sorting, Tripod-snd-weight, Dynmmic Coincident Reaction,
and Code-signal Reaction, all showed substantial validity for
winch-driver selection.

The directed muscular activities of man are nuserous and
diverse. VWhereas thosze of a gross athletic kind have been
shown to intercorrelate quite highly, others requiring smaller

-and more precise movements are, for the most part, very

specific. In heterogeneouz or low~grade groups relationships
between Sensory-motor tests, and between the latter and mental
tests, tend to be larger than in selected high-grade groups.
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- Generally, correlations between Sensory-motor and Mental tests

are small and positive, but can be more substantial in the
case of complex Sénsory-mator tasks. Correlations between
speed of work and accuf&cy in Sensory-motor teske, are some-
timea'zero.lbut usually alightiy'negative. and more aubstan~
tial in complex tasks requiring very precise muscular control.

. The theory, originally proposed by R.H. Seashore, that
relationships between sensory-motor activiiies depend more on
the patterns of movement than on the musculature or sense-
modalities emplOyed,lis supported by the results of the
writer and othera. While there appears to be no general
Sonsory-motor factor, evidence points to the eiistence of
rather narrow group factors, and it is likely that there are
vroader group factors of “personal tempo", as distinct from
actual akill. ' ' '

v In the field of Visual~perception, where motor responses
are usually of slight_ar‘eVen negligible importance, epparatus
cen also gontribute usefully. Examples are the Locus-
estimation Test for selecting ground-control interceptor
operators in the Air Force; the Cancellation Timer for
administering various printed Cancellation tests; and the
Dusl-purpose "Fall" Tachistoscope for presenting various
visual tasks requiring the exposure of either moving or
stationapy stimull for short pericds. '

Performance in the Locus-estimation Test correlated
0.40 (P=0.07) with the operational criterion. As the only
"practical” test among others that were all of the pencil-ande
paper or pictorial kind, it was very epecific and made &
unique contribution to battery vélidity.
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a validity of 0.48 (P<0,01)., There was no significant
correlation between Speed of Perception and Span of Attention.
The former appears to relate more to physical reaction and
co-ordination, and the latter to intellectual activity.

Although Flicker~fusion is a phenomenon primarily
involving visusal-perception, expsrimental findings suggeat
that it might have wider psychological significance, parti-
cularly in the field of Temperamental measurement. The
reliability of tests administered with the Compact Flicker-
fusion Machine to air-pilot candidates was very high, although
it was probably boosted somevhat through the use of the method
of limita., Foveal measurements were more reliable than
peripheral. A correlation of 0.51 (P = 0.,003) was obtained
between high CFF and the tendency to free expression of emotion,
as rated by independent observers in three other test
situations. There appears to be a significant relationship
between high CFF and success in flying training. The most
valid measurement was the Foveal which gave a mean biserial
correlation of 0.50 (P & 0,00003) with the Success/Suspension
criterion. Candidates having a high CFF are possibly more
free from some sort of temperamental inhibition (Secondary-
function) that hampers those with low CFF. In the light of
Wiersma's findings with colour-fusion, it would seem that the
Manic temperament is more desirable than the Melancholic for
success in flying training.

Even in the realm of higher cognition, which is
traditionally associated with printed tests, apparatus can
play & useful rble by providing standard, prectical situations
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for measuring ability in tasks of substitution or trial-and-
error learning. A test of Paired-associate Learning adminis-
tered to air-pilot candidates by means of the Multiple~choice
Instructional Device, correlated with certain branches of

: flying training, psrticularly the more practical; the most
significant coefficients being ~0.4% (Approach aide) and

~0.4) (Flying per cent) with "Time"; and C.47 (Hours to solo)
with “Errors". The test showed smell to moderate correlations
with certain other tests, intellectual, perceptual and sensory-
métor, but none with»temporament and personality variates of
the introversion/extraversion kind. Learning was influsenced
by both negative tranafer through experimental sequence, and
differences in the degree of associative affinity between
stimulus items and response references. Material that was
temporally nearest during the learvning process tended to be
most intimately associnted in the recall task.

The general effect of Perseveration, as mensurad on the
Serial Discrimeter emerged as a teﬁddncy fér subjects to take
longer and make more mistakes when they had to deal with a
substifution tosk involving changes in the normal colour
association between stimuli and reaponses. = Error-proneness
in this activity correlated O.46 (P = 0.01) with Suspension

in flying training. In the Learning section on the Serisl
Discrimeteg,ﬁrror correlated 0.38 (P = 0.0%) with Suspension.
The correlations betweon Perseverstion and Learning were @
Errors, 0.223 Time, 0.55.

In both the Learning tacke administered respectively
with the Multiple-Choice Imstructional Device and the Serial

507



15.

16.

Discrimeter, Rate of vork shoved a wider overlap with other
tests, than Error, and is probadly a broader personal
characterietic of the individual.

Secondary-function as reflected by mesasures of Flicker-
fusion threshold did not correlate significantly with
perseveration measures on the Serial Discrimeter.

In most of the intellectual teats administered to air-
pilcot candidates, English-apsaking candidates as a group
tended to perform better. In two perceptual tests, namely,
Repeated Letters and Dots-cancellation, which involve sustained
attention of the "clerical"” kind, the Afrikaans-speaking were
superior. A similar result has been obtained by Dr. Reuning
of this Inatitute with another "clerical" test of suatained
attention, the Pauli. To a slight but significant extent the
Afrikaans-speaking were alsc superior in the Perseveration
tent.

In the tests of Paired-sasociate learning administered
through practical media, and several Sensory-sotor tests
examined so far, no significant differences between the groups
were found. Two possible explanations for the superiority
of the English-speaking group in the mental tests are, firatly,
there is a far greater quantity and variety of technical and
scientific literature avallable to the English-speaking in
their own language; and secondly, military air-pilotage as a
career hag less attraction for the intellectually higher-grade
Afrikaans-speaking than for the equivalent English-speaking.

For purposes of occupational selection or classification,
practical tests, vhich usually involve appsratus of some kind,

508



heve both drawbacks and advantages. They are less convenient
and economical both to produce and administer than printed
tests, and their scope is often restricted because many
practical abilities tend to be very specific. Good "general-
purpose” tests of the practical sort, particularly those

where the emphasis is on manipulative skill, are comparatively
scarce, FPractical tests which appear to have the most
Ygeneral-purpose’” wvalue are usually hybrids in which much of .
the variance is attributable to perceptual, cognitive and even
temperamental factors. While practical abilities can be

most efficiently predicted dy specific "job" tests, their use
in selecting the industrial rank-and-file is seldom econcmic-
ally justifiable, and the search for inatruments having the
best possible "gencral-purpose” value is likely to continue,
even if it often proves to be something of a wilde-goose chase,

As a rule the mors succeasful and widely used apparatus
tests are constructionally simple. The use of elaborate
equipment is only worthwhile for high-level or vital selection,
and even here, complication beyond a certain point ie
undesirable,

The principal justification for the use of practical
selection testas, is that there are many practical factors
which cannot be sampled by pencil-and-paper or pleotorial tests.
Even a small degree of validity can warrant the application
of & test if it makes a unique contribution tc a selection .
battery. Ultimately, however, the value of a test depends
on overall expediency.

As orientation towards conorete reality is the greatest
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common factor pervading all‘cultures.‘pra%tienl tests are
usualiy lesé "eulturally inappropriate" for African subjects
than pencil-and-peper or pictorial tests. Moreover, they
can be demonstrated to polyglet groups with the minimal need
for verbal explanation, and they als¢ enable the subjects to
‘perceive a more obvious comnection between test and job,
which éppéars to favour motivétion.h '
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