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PREFACE 

The deaian and construction of equiPI*Dt tor both baa1c 

p&Jchological reaearoh and applied purpoeea in occupational 

eeltction and guidance, ergonomics, and training, is aa 

important area that hu hitherto received collp&l"&tively little 

recognition. Apparatue is often taken very much for granted 
ae uaetul furniture affording acme paasi?e assistance in the 

atud1 of behaviour, but nevertheless remaining something 
extraneoua, that belongs more fittingly in the realm of 

mechanics. 

Actuall7, the 4eaig,n and construction of testing 

equipment, no leu than 1 to application, ia ••17 intiaatel7 

related to the aeaaurement of peychological tw:Lctions. 

Beharloural reau.lta can be no 110re aoun4 tbaa the iutruMnta 

and techniques eaploye4 tn 4erifing them. 

This 41aaertatioa attempts to aake some contributioae 

of a twofold kind 1 Technological, cotBpriaing 4ataile4 

illustrated deaoriptiona of some origiual apparatus deelgna 
by the writer, and .Beha"ri01U'Al, co~~prising account• of 

research fin<11nga obtained with these, uinl1 on air-pilot 

candidates for the South African. Air Force, and African 

industrial personnel. 

A principal object in moat of the deaigae, was the 
utilitarian one of producing Yali4 iustrumente tor the 

prediction of occupational suitabilit1• but underlyins thia 
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there was usuall1 the intention that the instruments ehould 

alao be adaptable tor basic research purposea. While a few 

are rather apeoific to occupational •election for Aircraft­

pilotage. Air-traffic control, .xld Miae win.ch-driY:lq, the 

majorit1 might be of wider interest. 

Moat ot the apparatus conaiata ot eenaorJ•motor teat• 
of ftrious id.nde, vhtre the prin.cipal object ia WN&ll)' the 
obaerYation and measurement of directed auscul.ar mo'YeMnta. 

Ot the others, three aeta relate to viaual•perception, where 

aotor reeponaee are genorallr of alight or even neglitlble 

importance 1 one is mablJ concerned wi tb the measurement ot a 
temperamental function through the •e41WI Of YieuaJ~ ... percoptiOD.I 
and two are cle'ficea tor admildatering cognitive testa. 
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Brief nummarz 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 io devoted to accounts of the technical 

construction and experimental applications of five teste of 

Co-ordination, a Steadiness test, and a complex Hand-toot 

Reaction test, 4eeigned primarily tor measuring the sensory­

motor skills of prospective air-pilots. All the teste were 

found to have useful reliabilitY'• and in all there were some 

measures that showed a significant relationship to euceeae in 

fiying training. Two of the testa that involved very tine 

patterns of muscular control, appeared to have the least 

usetulneaa for predicting euceeea in flying. In two testa 

there wae eome eYidence that the threat of physical punishment 

tor incompetence, in the form of moderately unpleasant electric 

shock. improved t~e validity of a teet in relation to a 

physically hazardous occupation like tlyine. 

ln .Gection I!, technical and research details are giftD 

of thirteen Genaory-motor teste intended mainly for industrial 

research and claeeitieation. Three of these are preferably 

called "Assembly" teats, a.s they involve both eenaorr-motor 

skill and the abilit7 to perceive three-dimensional form 

relations. Twelve of the tests showed useful reliability. 
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It was not J>OGSible to ueees the reliability ot one test as 

it was given as a continuous task once only. Two teats of 

fine Implement manipulation correlated oignif'icantlJ with 

a ·Specific facto%')' job. The one showed some connection with 

certain physiological and temperamental variates and also 

proved. useful as a situati~n for observing temperamental 

beha:viou.r. Results from th~ other indicated. that (a) there 

were ~o eignificent differences in the respective performances 

or Africans and Europeanet (b) Good performers tended to 

estimate their achievemont more realistically than inferior 

performera; (c) Most subjects were inclined to over-eetimato 
what they could actually achieve. and the over-eetimators 

tended to·be lese realistic • 

.Six simple eldll testa, .requirin(5·ill0derately tine 

manipulation showed no velidit)" for selecting operatives in 

a porcelain factory, which cou.ld partly have been due to·the 
la.ek o.f' specific and dependable criteria. Uowever; ueeful 

information was gleaned on reliability, intorcorrelat~.ons 

betwee.n tests, effects ot educati·onal levol and mtntal abilitr, 

and dif:fe.rences 1.n achievement attributable to 4ifferencee ·in 
sex and age. 

Three 11Assembly" tests discriminated well between certain 
occupational categories ofmine•workers1 and show•d substan-. 
tial validity for winch-driver selection~ Tw~ z.at~'<er specific 
Reaction tests also correlated significantly with tdncb-driviJlg 

· ability. 

Diverse SensoJ7-motor acti vi titus 1 -relationships between 
Sensory-motor testa, and between these and, M~ntal tests, 
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findings from various studies, the nature~ of the test sa~ple, 
.speed, tempo, accuracJ, and other matters ot practical or 

theoretical relevance in this field, are discussed .in 

Section. III. 

· Section lV deals with the construction and application 

o£ three seta or Visual-perception apparatus. The first, 

a Locus-estimation Test desiuned specifically for the 

eelection.of ground-control interceptor operators in the 

Air Force, ehowed useful predi·ct:i ve validity, and as the onl1 

;practical test among others of the written oort, made.a 

unique contribution to battery validity. The seoon4, a 

Cancellation Timer, is a basic instrument intended for the 

administration of varioue printed Cancellation testa. While 

a test of Dots-cancellation applied by means o.f it to air ... 

pilot ean.did.atea ahow•dno validity as.a meas~e of "auntained 

attention" in learning to flYt several findings of general. 

interest em$rged from the data~ among which the most signifi­

cant was evidence of parallelism in the performance curves of 
subjects who were initially goQd1 medi~ a.nd poor. The 

third .apparatus, a Dual•purpose nFall" tachietoscope. ie a 

'bas:i.c instrument for presenting Visual tests of (a) Sp,ed 
ot Perqeption, in~olving the identification of stimuli moving 

quickly across a restricted field, an4 (b) SpP-n ot Attention, 
involVing the idonU.tication ot stationary stimuli exposed l. 

briefly. A test of the termer did. not relate to achievement 

in flying, but a test of the latter cor.related significantly 

with achievement. 

Section V comprises the -technical and research ttccounts 
of a device for obtaining measures of Flicker-Fusion threshold" · 
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Although this tunction primarily involves visual-perception, 

there is evidence that it might have wider significance, 

particularly in the sphere of temperamental measurement. 

Very significant relationships were obtained between the 

critical tuaion frequency (CFF) and the tendency to tree 

expression of emotion, and also success or failure in flying 

training. 

•rwo sets of apparatus, chiefly intended to provide 

controlled practical situations for measuring ability in 

various cognitive tasks or substitution or trial-and-error 

le6rning, are described in Section VI. Teats of paired· 

associate learning by trial-and-error, administered with 

these instruments, correlated significantly with certain 

flying-training criteria; a measure of Perseveration in a 

substitution task pres~nted on one of the instruments, also 

showed sisnificant validity. In addition to these results. 

information was obtained on rate of work and errors, recall, 

negative tranafert associative affin1tJ1 correlations with 

other variates• and the reapoctivo performances of English­

speaking and Afrikaans-opeaking groupe. 

In Section VII, certain principles, limitations and 

advantages pertaining to tho uoe of practical tests in the 

vocational selection of personnel, are reviewed and evaluated. 
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DEVISING PSYCHOLOGICAL APPARATUS 

D. R. DE 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-established 
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 a:mount 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
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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DEVISING PSYCHOLOGICAL APPARATUS 33 

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 signiqcant 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. Djinns ot 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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DEVISING PSYCHOLOGICAL APPARATUS 35 

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 J?.Ot 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 ~pecific 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 Pieron (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 = ,f2D/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 ems. 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 
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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 psychological 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 (H" X H-"), 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 constructing frames and stands, etc., is on the tubular system, 
using pipe-stock and fittings in either steel or aluminium. 

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 obviating 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 
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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 apparatus 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) "Chronoptoscope" which was mentioned earlier is being used for 
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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 improvise-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 mt;:ans 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. 
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SECTION I 

SENSORY-MOTOR TESTS INTENDED MAnU.Y 

FOR . Al:R ... PILOTS 
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SECTION I 

Introduction 

Air-pilotage ia a vocation in vhich auocesa depends not 

oD17 on aental and temperamental attributes, but also, to a great 

extent. on practical akUla, among which the tolloving have come 

to be resarded aa iaportant :-

(a) Co-ordination : Directed auacular activit7 requiring the 

hanlonioual.J integrated 110veunta or several parts ot the body 1 

asore epeoiticall;y, the abilit7 to uae the hantt., or the banda 

and teet. ei.ultaneoualy, and without conflict. 

(b} Distribution ot Attention 1 The abilit7 to aake adjuative 

aovementa in response to several eiaultaneoua atimulit without 

becoming contu8ed or concentrating undulJ on aome, so that othera 

are neglected. 

(c) Anticietion a The abilit7 to judge the tilling and amplitude 

or actor responses to allow tor the inertia factor involved in 

objects that are moving. 

(d) Saootbneea of Move•nt 1 1'b.e pertonaance of u.nual u.cV or 

pedal movements without roughness or jerkin•••• 

(e) Steadinee c Good auacular control, particularly under etreea. 

(f) Mu1 tiel• Choice Reaction a Speed and etticienc:v in tiratl1 • 

acquiring a aeries ot aenaor,-aotor habits, and aecondlJ, 
appl,.tng them. 
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.Five teats or Co-ordiution, a Stead.ineee teat, and a 

complex Band-toot Reaction teet, are dealt with in thie section. 

"Floati.Dg-eftect11
, 1a a Two-band Co-ordiDation teet of the 

pursuit or automaticall;y-paced type, speciall1 desisned to 

provide, in miniature, some or the senuine "feel" of actual 

air-craft control. In addition to Co-ordiution; it ie well 

loaded vitb Anticipation, Distribution of Attention, an4 Smooth• 

neee of Movement. 

"Handlebars'*, a self-paced teat of Two-hand Co-ordination, 

requires both co-ordination and very tine muscular control. 

The Variable Co-ordination teet, also eelf•paced, affords 

a large number of co-ordinative combinationa between the liabe, 

'but eo tar onl;y the full combination or both hancla and 'both teet 

hae been investigated. 

The Sp!citic Ars-les Co-ordiaation teet tor air-pilots, 

which had ita origin in the Aptitude Teets Section ot the 

s.A.A.F. durins World War li, ia of the pursuit t7pe and 

simulates certain basic controle of an aircraft cock-pit. 

The Roundabout, a complex pursuit test, wae devised aa a 

radical departure from the sedentary type of test usually applied 

to air-pUote. It involYes co-ordination o£ moot of the body 

ausoulature, and also Kiuesthetic factors, Distribution of 

Attention, Anticipation, llexibilit;y in reacting to sudden 

changes ot ••set", and Smoothnen of Movemeat. 

Steadiness of hand, under both normal and etreaetul 

condi tiona, is IH&sured by an apparatus baeioall7 similar to an 
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earlier war-time prototype, but ot improved technical design. 

In the Hand-toot Reaction teat, which also has a war-time 

background, the candidate must tirst acquire the habits ot 

moving the correct controls in reoponee to certain signals, and 

then react quickly and accurately tor a continuous period in 

accordance with theae habits. The initinl part of this test 

is mainly cognitive, o.a it requires trd:al-and-error learnins. 
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CO-ORDINATION AND FLOATING EFFECT 

D. R. DE WET 

(Received 24th November, 1958) 

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 wi~h hazard. to 
valuable equipment and huma.n hfe, o~ wh1ch 
aircraft-pilotage was (and still remams) 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 Sec~ion of the . South African 
Air Force under L1eut.-Col. B1esheuvel. 

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 featur~s 
of both the foregoing. Others had the addi­
tion of a pedal-response section at;td so~e­
times included supplementary d1stractwn 
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 success~ve ~o~bina~ions until 
the subject reached h1s hm1t of mtegrated 
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 machme .. 

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. 
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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-pilqt 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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Plate 1: The "Floating Effect" Test 

7) are ·such that the thrust is downwards so middle sections of their respective sets of 
that ~ear will not produce •post-motion" in bars where there are strips of insulating 
operatwn. t . . · material. (Plate 2, Figures 1, 2 and 8.) 

The stimuli consist of two ~large steel balls 
running on respective sets of bars at right­
angles to each other. (Plate 2, Figures 1, 
2 and 8.) j · 

This orthogonal framework pivots on a 
gymbal and through a rodl and· universal. 
joint (Plate· 2, Figure 9) is motiyated by a 
constant-speed electric motor" at two revolu­
tions per minute to descripe a steady "swash· 
plate" movement. l 

The structure· of m'otor,·hm1sing'and frame­
work is mounted in ari outer set of large 
gymbals. · j . · · 

By manipulating a pair of: handles (Plate 
2, Figures 1, 2 and 5) attached to· the motor 
housing, the subject has to keep the frame­
work level in two .planes against the action . 
of the motor which causes a continuous . 
disturbance of the level. i . . . 

The criterion of "ldvelness" is that the 
steel balls should always be :balanced at the 

•. . ; . 

i 

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 
exposed· circuits (Plate· 3). 

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· driving motor is a · "Klaxon"· Type 
EM5CBI-M21, continuous J,"ating with perma­
nent capacitor. 
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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 useful 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 

Applied for flying course ..... 67 

Accepted for training ...... ...... 30 

Suspended from training (all 
reasons) ...... ...... ·····- ······ ...... 4 

Suspended for poor flying 
ability ...... ...... ...... . ..... ...... ...... 4 

Completed course successfully 26 

Number of latter who did the 
Floating Effect test ...... ...... ······ 25 

1955 

169 

51 

17 

11 

34 

33 
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Results and Discussion. 

It was unfortunately not advisabk co 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 ...... ...... ...... ...... ...... ...... 1 
Radio transmitting experience ...... 1 

, Electrical apprenticeship ...... ...... 1 
Technical (N.T.C. II) qualifica-

tions ...... ...... ...... ...... ...... ...... ...... ...... 1 
One year at university ...... ...... ...... 1 
Clerical work ...... ...... ...... ...... ...... ...... 2 

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

tions ...... ...... ...... ...... ...... ...... ...... ...... 1 

Matriculation only ...... ...... ...... . ..... 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 ...... ...... ...... ...... ...... ...... 5 

Matriculation only ........................ 37 

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 II. 

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 III 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. 

2.8. 



35 CO-ORDINATION AND FLOATING EFFECT 

Table III. 
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 3~ Test 

General 36 22 38 34 30 Flying. 

Night 27 20 48 29 27 Flying 

Pilot 07 02 32 08 09 Navigation 

Hours Dual 36 21 35 32 34 Before Solo 

Instrument 30 17 35 28 35 Flying 

Less thiin 32 is below the 10% significance level. 
38 to 45 falls between the 5% and 2% significance levels. 

Table IV 
PRODUCT-MOMENT CORRELATIONS 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 Test 

General 32 16 03 20 34 Flying 

Night 11 02 -10 OS 13 Flying 

Pilot 28 30 28 31 31 Navigation 

Formation 
I 

Flying 30 02 06 12 25 

Instrument 26 28 13 25 28 Flying 

Less than 28 is below the 10% significance level. 
More than 32 is significant at the 5% 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 

29 
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first trial because the first is usually (though 
not invariably) the worst. 

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

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

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

The correlations between Trial three and 
Night Flying (.48 in Table III and -.10 in 
Table IV) are significantly different at the 
2% level. It is possible that supervenient to 
any c<Ympositional 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 
correlation for the Tiger Moth group might · 
be partially accounted for in terms of different 

orientation. The slow plane afforded more 
scope for flying by kinaesthetic and extrane­
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 
th~ 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 

Floating Effect 1952 Group. 1955 Group. 
N. = 29 N = 44 

Trials 2 3 2 3 

1 .81 .84 .84 .72 

2 - .83 - .81 

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 = 29 1955 Group. N = 44 

r bis rbis 
Trials r bis S.E. -- rbis S.E. --

S.E. S.E. 

1 .83 .17 4.9 .24 .20 1.2 

2 .63 .22 2.9 .35 .19 1.8 

3 .66 .21 3.1 .25 .20 1.3 

1 + 2 + 3 .71 .19 3.7 .31 ! .19 1.6 
i I 

30 
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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 

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 VII. 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 

Medically unfit; At own re-
quest, etc. ...... ...... . ..... . ..... ...... 0 

Failure in Ground Subjects ...... 0 

Poor Distribution of Atten-
tion ...... ...... •..... . ..... ······ ...... ...... 0 

Poor Learning Ability ...... ...... 1 

Nervousness; Lack of confi-
dence, etc. ...... ...... ...... ...... . ..... 1 

Slow reaction; No Anticipa-
tion or "Feel" ...... •····· ...... . ..... 0 

Lack of "Balance" and "Air 
Sense" ...... ...... ...... ...... ...... . ..... 2 

--:--~--- ----- -- -----~~~ 

m each of five cases, and in one of these 
twice. Lack of "Air Sense" is stressed in thre~ 
cases, but in one -of these there is slight '1 

_ prepo_~~eranc~_ in_ f~~()_:u!"___9_f_1CI_ck of "Balap.ce'_:, _ _) 
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 
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1955 Total 

3 3 

3 3 

1 1 

1 2 

2 3 

2 2 

5 7 

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

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

(3) Correlations with the Flying Train­
ing Criteria were all positive, except 
one and with a few exceptions larger 
for the m o r e heterogeneous 
group, where furthermore, a larger 
selection ratio implies comparatively 
less depression of the correlations 
through curtailment. 

(4) 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 
i,; 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 m~chines 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 part~ 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 the rod is 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 smrul 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 one. 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. o.f success or failure on courses of flying 
trammg. ·· 

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 fo; 

Table I 

DERIVATION OF SAMPLES 

1954 1955 1956 

I !Applied for flying course ...... ...... ...... 93 169 163 

Did Handlebars test ...... .. .... ...... ...... 93 130 161 

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 ...... .. .... ...... ...... 8 11 8 

rompleted course successfully ...... ·---- 31 34 33 

Dtd 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 

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. 

I Mean S.D. Mean S.D. 

1 192.0 87.4 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 10Q.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 
I 

4.3 

"5 89.2 68.0 14.0 I 4.7 
I 

CRITICAL RATIOS OF THE DIFFERENCE BETWEEN THE 

MEANS OF TRIALS 1 and 2 FOR EACH OF THE THREE 
( 

GROUPS 

-

Group Correct Time Error Time 

1954 . 4.46 4.32 

1955 6.17 4.17 

1956 11.99 7.92 
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HANDLEBARS CO-ORDINATION TEST 

HANDLEBARS TEST. PLATE 2. 
Bakelite 

backing-

~;------------------------------------18{6---------------------------------;----~ 
Lining or sort wood to form Outer frame Clamping-plate 

rebates for top and bottom. hard wood~ M/Sl 

~---------------------------------------18g---------------------r----------------~ 16 

0 

0 

0 
13-o. 

0 

0 

Metal parts nickel- plated_ 

37 

Brass bush 

held to MIS 

plate by four 

C/S4BA screws 

underneath. 

5 14Z 1&B SW 8 

21.J~ 
16 

4z 
8 
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HANDLEBARS TEST. PLATE 3. 
• LINKING- BARS '·r 

~!CS---+-1 ---1~~~~ 
z} MIS Screws 2 BA 1: , - : 

~--------1_6 ______ 8--------------~~·~~~E 
: 4 : 
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S 1--r--pl.or------------------------------,:r-!t."!""-a'l 
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~;J~ 6 BA for bolts. ' Brass ,, 

F: : LockinQ- , bushes: 
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• ; 2 ·G 
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C collar. 
321,· ~Shouldered MIS rod 
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;..§ .. : 
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HANDLEBARS TEST. 
(PLATE 3 REFERS) 

PLATE 4. 

G 03 

Not!?: On!? purpoc:.l? of thl? wac:.hl?r'> Pol ishl?d MIS washt?r 1~00 X J-4 
ic:. to prl?vl?nt idt?ntical mt?tals from bl?tWI?I?n brac;c; facl?s. 

bl?aring againc;t t?ach otht?r. (Not shown in PLATE 3) 

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 trial with emphasis on caution. In the 
1954 and 1955 groups, where the instructions 
stressed both speed and accuracy equally, the 
critical ratio of the difference between Trials 
1 and 2 on Error Time was of the order of 
four; but in the 1956 group it is nearer eight 
and seems far too large to be accounted for by 
practice effect alone. The most likely expla­
nation lies in some basic instrumental de­
pendence that exists between Time and Error 
Time in self-paced tracing tasks, and has the 
effect of inducing a proportion of positive 
correlation between the two measures that 
tends to increase with speed of work. Opposed 
to this is the behavioural tendency for fast 
working to be associated with the production 
of more error, as shown in Table III. Here, 
for the 1956 group, the negative inter-correla-
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tions between "Correct Time" and "Error . 
Time" are larger for Trials 1 and 3, done 
slowly, than for Trials 2, 4 and 5, done fast; 
this would support the hypothesis that the 
relative effect of instrumental dependence in­
creases with speed of work. 

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

TIME minus ERROR TIME) FOR EACH TRIAL. 

Group I 1954 I 1955 I 1956 

I 

N 38 43 43 

Trials 1 2 1 2 1 
I 

2 

I 
3 4 

I 
5 

r - .34 - .49 - .33 - .471- .40 I - .33 ,_ .58 - .31 ,_ .27 
I 

Mean r = - .39 p < .001 

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

Table IV 

PRODUCT-MOMENT INTERCORRELA TIONS 

BETWEEN TRIALS ON THE MEASURES 

"CORRECT TIME" AND "ERROR TIME" 

GROUP TRIALS ~ORRECT 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 

1956 
2 & 3 .77 .59 

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 

4;0. 

"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 coefficients 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 ~ORRECT 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 
I 

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 1956 

N 38 43 41 

TRIALS 1 2 1 2 1 2 3 4 5 

CORRECT T 

r bis .21 .18 .06 .16 .32 .20 .04 .26 .27 

ERROR T 

r bis -.03 - .01 -.14 .15 -.35 -.29 -.27 -.25 -.11 

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 .055 

Hand-foot Reaction (Speed trial). Time .035 .660 

Steadiness (Manual). Total Time .532 < .001 

HANDLEBARS ERROR TIME: r p 

Two-hand Co-ordination (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-tailed). 

41 
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In Table VI, pos1t1ve 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 on 
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 apparati.1s 
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 exten.t of a mean corre­
lation of- .39 (P = .00006) between "Correct 
Time" and "Error Time", which has probably 
been depressed through the opposite influence 
of some positive instrumental dependence 
between these variates. Such an effect can be 
sensed on other self-paced tracing tasks, and 
in the case of Steadiness (1959) the occur­
rence of several positive correlations between 
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"Correct Time" and "Error Time" suggests 
that is was particularly significant. 

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

(5) There is a ~mall 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 feel and 
movement of actual aircraft controls than 
tl1at 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 
rece1ve 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
quiri_ng proficiency in the use of machine tools. 
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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 philosopher'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 corresppndence 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 their presence is assured 
in the test then the addition of other similarities, which would be worthless on 
their own, may contribute something of value by completing the total 
verisimilitude. 

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

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

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

Description of apparatus (Plates 1, 2, 3, 4 and 5) 
Fundamentally the apparatus consists of two moving parts. 
(i) A wheel, with a raised track of irregular contour fixed around its periphery, 

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

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

Rotation of wheel 
Steering of knob 

Section A 
Balanced steering mechanism 

1 2 3 4 
RH LH LH RH 
LH RH RF LF 
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5 6 7 
LH RH LH 
LF RF BF 

8 9 
RH BH 
BF RF 

10 
BH 
LF 

11 
BH 
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 LH LH RH RH BF BF BF BF BF BF 
Spring between bollard and 
hook 00 L 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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VARIABLE CO-ORDINATION TEST. PLATE 3. 
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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 (all reasons) . . .. 22 

f"'"""dOO foe poo' fiyi"g •hility .. .. . . 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 
" 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 working brought about through the fear of punish­
ment by shock whenever error is made. 

It was noticeable during the administ~;ation 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 8·18 
1&4 3·79 9·52 
2&3 7·87 3·38 
2&4 6·12 5·56 
3&4 4·26 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 

N 47 

Trials 1 2 3 4 

r -·21 -·22 -·36 -·54 

p ·16 ·14 ·02 
I 

·Q004 
I 
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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. 

I 
p p p p 

1 ·34 ·03 -·23 ·13 
2 ·28 ·08 ·09 ·57 
3 ·42 ·01 -·25 

I 

·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 Table 5 appears to relate more closely to pos1t10n 
attained on the flying course than " Error Time." Of the four trials the two last 
involving punishment of error by electric shock are the most significant, particularly 
the fourth with more severe shock. 

Below are two supplementary rartk-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): 

Q = 0·42 p = 0·01. 
(ii) The score for Trial 4 plus the above difference: 

Q = 0·49 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, and/or 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< 0·005. Results 
obtained on two other self-paced sensory-motor tests-Steadiness (2) and 
Handlebars (3)-show a similar trend. 

4. In 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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5. 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. 

6. On the present test, contrary to the tendency observed on Steadiness and . I 
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 flying 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). 

7. 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. 

8. 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. 

ACKNOWLEDGEMENTS 

Mr. J. B. Kirstein and Mr. R. Serdyn took the photographs. The use of the 
rank-difference method for test validation was suggested to me by Mr. J. Tromp 
and Mr. R. F. Skawran. 

REFERENCES 

1. DE WET, D. R. A portable hand-foot reaction test. J. Nat. Inst. Personnel Res., 1958, 8, 
106-116. 

2. DE WET, D. R. An improved steadiness apparatus and its validity for air-pilot s'election. 
J. Nat. lnst. Personnel Res.; 1959, 8, 122-136. 

3. DE WET, D. R. Handlebars: a self-paced test of two-hand co-ordination, and some 
results on air-pilot candidates. J. Nat. lnst. Personnel Res., 1960, 8, 199-208. 

4. DE WET, D. R. A compact flicker-fusion machine and its application to air-pilot candi­
dates. Psycho/. Afr., 1960, 9, 100-118. 

CAPE & TRANSVAAL PRINTER-S LIMITED, JOHANNESBURG 

56 



li.. SPECIFIC ARt-1-LEG co-ORDINATION TEST . ll'OR . THE 

SEI.h'CTlON . Of PUFIL AIR-PILOTS 

Tho apparatus to be describe4 here simulates certain 

elements of ~ idrerart cocl<p~t i.t.t!d p~ovid.es ~ sp~cif~c ''job*' 

teat tor the selection of pros~ctive air-pilots. 

The Mark l model was a:n experimen~al protQtype 

designed and built by the writer during ~orld ~ar II tn the 

Aptitude ~rests Section or tho s.A.A.F., an.d intended to replace 
an earlier Ani-leg co-ordination ~ppa;atu~ ( sM.A:n ·eugS.,ste.d by 

W/Cdr. G. O. Williams anq evolved by Dr. E. J. SchuGter.tof thb 
l ! ' ,. • • ' • ' 

British t!e<iical .Research Council. The St~A:5, which ut.il!zeci a · 

wide variety or mechanical transmistdons, ftiJ a wry compU.ca.te<l 

mecha:n:i.am difficult to keep etsn®rd under the r1gou.rG of long 

periods or . sustained test·ing •. 

Ia designing the A.T.s. machine (Pla.te·s 1 and 2), an 

attempt was made to produce ~. aimplified and .less costly device 

'Wld.cb would provide a similar .behavioural aituatiorh It was 

hoped that fe1110r moving parts and those of rugged construcU.on 

would make for more reliable and positive mechanical action. 

thereby reducing tbe disturbing eff.ect of change in teat stan&rd$ 

1Mvitable (but not always immediately obvious) when alterations 
,occt\r in the setting of the .mocha.nism through .wear, friction, 

strain and other causes. · 

The test preeentea a tTncktng task in which a 

drifting li.ght-spot ( correoponding to the nose of the aircraft 1n 

flight) h-!ad to be kept central on a screen by mo'ri.ng rudde.r.bat" 

pedal~ left or right tor laternl direction, and f.l n jo7stick11 fore 

and aft for vertical direction. The target was a circle in the 
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middle of the screen. When the light-spot drifted mora than hnlf 
ita diameter &cross the circumf'orence or this circle, ~ontact 

ey.etems e.tta:ched to the rod carrying the light brought clocks 

into operatit.tn, which recorded continuously until the Ught•.spot 

was .steered btltCk into the circle. 

At a later eta ge in the testing J;X'OCedure the task 

we,s complicated b)' the addition of a 11throttle" lever which the 

.candidate had to move backwards and. f'or•ards to &xtinguish tfiO 

rtdtstu.•·action.n lights situated respectively on the right tiltld lett 

ot the stimulus panel• 

Experimental applications indicated that. in general, 
the test performance of subjects with a huruired houz-8 ot actusl. 

tlyin~ experience was greatly superior to that of unselectetl 

recruits alnd while some of this ditf'eren.ce could be tltt:ribttted . . 
·to acquired skill on the part or the trained men, it was unlikely 

that the latter would have progrese>ed 60 far on the course without 

the r~qu:isit~ .initial ability. On the strength of this ra.ther 

.rour,h valida.tion, which wan the best prooe~ure posd.~le at the 

timet it was therefore concludea that teet_ scores had some 
potential. usefulness for pilot selection. · 

· The apparatus gave several years of $ervice until it 

was superseded (some time .o:fter the war) by ·the nark II model, 

which exaete the same tasks from the candidate. 

58 



P.RESWlT J!tOCEL (J.:~RK II) 

The A.J ... c. Jo1ark II (flates 1 to 6) incorporates the 

bnsic design of its predecessor, but achieves further precision in 

the detailed aspects ot bearings, loci, and better proportioning 

of moving parts. Furthermore, where the earlier reodel had 

neceseitnted tho use of both direct and alterna.ting current, the 

preeent one requires laterna.ting current only, all the recording 

being done on "standard'' clocks which were ec.nrce during the war 
period when reciprocating direct-current counters had often to 

eerve o.s rather uni'Jtltiatactoey substitutes. 

The present apparatus was thought to have certain 

advantages over an electronic model of SMA3 in use by the R.A.F. 

and elsewhere in the Commonwealth after the war. I.t io mechaniQnl 

in operation, requiree very little maintenanct;t 1 and rl~tunlly no 

adjustmenta to remain sta.ndard in performance. It is probably 

cheaper to construct than the electronic modei, eltbougn it has 

a rather expenaively made panelled housing, which :l.s not strictly 

necesMJ7. 

Moftment of the lipt•apot 

As in tbe Mark I model, movement or the "drifting" 

light-spot in obtained very simply by a conotant•epeed permanent­

capacitor motor driving a crank-disc to which the rod carr,ing the 

lamp is universally pivoted at its one end. At ita ndddle the rod 

bears on a universal fulcrum attached to the plattorm carr,tng the 

motor (Plate 3). By staggering the line ot the disc•axis $lightly 

relative to thi8 fulcrum, the actual locus described by the light 
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spot on the ecr~en becomes olliptical instend of c.ircula-r~ Tbia 

"distortion" is not essential; its sole object is to ~e the tatlk. 

ot keeping ·the light-spot central a little more di.fi'i·cult than it 

would be if th.e locus were a symmetrical circle. A'!l irro~ar 

path could have been achieved by having the rod .loaded against a 

cam of appropriate profile, instead of hnving it coupled u.t a 

fi~d cre..nk .. dietance, but tbe extra conatroctio:nal compli9ation 

wa.s not thought worthwhile a.s the atnggered· crank syotcm made the 

task sufficien.tly d.ifficul t. 

The method whereby the manipulation of rudd•r-'bar and 

stick controls the drift of the 11ght•a:pet is a straightforward 

application of nmobilis in mobile" • The platform ca.rrying the 

motor and light-spot lamp is .supported on horizontal be~.:!irl.nga in 

a metal frame (Plates 3 and, 4} which in ita turn pivots "'f~'t'tically 

in a ia.rgel" frame fixed to the chassis ot the machin~., PfM moving 

frame is coupled directly to the rudder-ba.r by rods und~rn&-ath 

the chassis. Its range or movement is greater than that of the 

rod carrying tbe light-spot lamp• so that even ma:d.mu:m movements 

of the la.tter call be :more then compensated for by suitable oppo­

site control on the rudder-bar. 

Corrections of light-spot movement in the vert~ct'll plane 

are accomplished by the stick, pivoting fore tu·u:r, art. :r.t :ta 

coupled directly to the platform careying the motor through .a 
long connecting-rod haYing a uniYersal joint at eithttr end. 

These joints are necessary to allow the rod to t.ndng £Ji>eely 

without impeding the movement of the ru.dd.er mecJttanisn. The range 

of movement :btipartad to tbe platform b:r the stick well exceeds 

the mo.Xirnwn traverse of the crank throw. 
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Recording of the length of time that the light-spot is 

outside the limi t1ng circle ia done by mean a of t\\"0 11 ~tiper arms" 

connected universally to the lamp rod through small tole1;;COping 

•connocting-rodt;. Ea.ch of the twO ldpers contacts \~rks radially 

across a metal plate having a triangular piece of bakelite running 

down the middle and recesaed flush with the plate eurfnce (I;.late 

6). '.'i'hen the wiper-contact travels beyond the limit:;.; of the 

bn.kelite on to the plate, s. cloc.\;-clutch acta e.t the test.cr• s 

control panel and the clock continues to record untU the wiper 

is beck again on the bakelite. The reason tor having t.he bakelite 

piece triangular is to allow a fair margin of adjuutmll)nt for 

sensitivity of the recording. The wiper-contact itoolf is ndjus­

ta.ble along its arm.. If it is set to brush neroso the apex of 

the triangular piece, recording will begin before the llght•spot 

bas touched the circumference of the limiting circle; if, on the 

other hand, it brushes near the bo.sei' recording wiU only start 

when the light~spot is well out of the circle. It must be set at 

such a position that recording will begin only when tho light has 

travelled hal.f itn own diameter either vertically or horizor,;tally 

across the circle's circumference. standardisation being oti this 

cri. terion. 

One set of wiper-and•plate ia situated at the top ot the 

me.in structure below a hatchway i.n the wooden housing w:hich gives 

accees for periodlc inspection and. cleaning. Thia net records 

devie.tione of the light-spot on the horizonte.J. plane. 'i.1ho other 

set (I~ate 5} ia located on the motor platform and recorda 

deviations on the vertical plane. It ie accenaible from the back 
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of the machine where two larre doors are fitted to the houe:tng 

(Plate 2). 

Distraction lfi'-ithts 

The latter section of: the teet, ~n which the candidate 

has the additional task of extinguishing panel lights (vlate 1) 

as soo-n as they come on, by an appropriate movement of tb.a 

throttle-leve.r, i.s simply an elementary ehoice-rea.ct:l.on t.te:ries. 

J!".ach or the two distraction light systems relays to a ttstandard'1 

cloctq when a light flashes on, its clock begins to run and 

continuos until the light ia put out by moving the throttle­

lever in the correct direction for that particular .U.ght, either 

backwards or forwards. Irregularly spaced pips on 't:b.o r~ of a 

rota.ting cra.nk-disc (Plate 3) actuate two miero-aritches $ltue.ted 

tangentially to the disc, and energize the diatrnct~.cm light 

systems a.t intervale. 

Electrical Circuits 

For convetl.ience, the teeter's control•panel (Plate 1 1 

lower) ca.rr;ying the switches and clocka, etc. • i.e designed aa a 

oeparate table unit coupled b;y a multicord "umbilical~' to the 

machine chassis. 

The source of power is 220/230 volto A.C. stepped down 

through bell tranetormers to 6 volts A.C. fo.r the bulb cirt-uits 

ot the light•npot nnd distraction lights and also the panel. 

indicator. 1'be other units, camprising clocko, rel&y's and motor, 

operate directl7 off. the m&ins po.er. 
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The two "Standard" clocks, recording respe.ctiv~ly 

vertical nnd hori,...ontal drift of the light-spot outside the 

c:i.rcle are calibrated in minutes rmd. seconds• whereas the two 
udietrec.tion•light" clocks ars ·in minutes and thousandths ot 
a. minute,f8. The latter <lre in efteet just chronoscopea recording 

the candidato•s choice reaction time in extinguishing the ligh.ts. 

There a.ro seven togglo•sritc:heG on the teeter's panel; 

(l} Mains; (2) Light-spot; (3) Driving flJOtor; (4) Rudae.r; 

(5) Stick1 (6) Clock motors (Distraction); (7) Distraction 

light e. 

Each circuit has an appropriate ~i'et.:y fuse: 

(a) Distraction clock clutches 1.5 A.; (b) Spot light end panel 

.light 1 lh 1 (c) Drivlng motor i· 0.5 A.; l~dder 0•5 At; 

(d) Rudd.er 0.5 A.; (e) Stick 0.5 A.; {f) Clock motora (r:4st.) 

0.5 A.; (g) Diatr$Ction lights of 0.5 A. 

All circuits ere quite straightforward with the possible 

exception of the ''distraction lightu Sl'Stems wbich incoX>pora~ 

two"hanging in" relays. 

The throttle itself (Pla.te lt uppeJ-) io ~· ~ two­
wq break switch. In the upright position, rthich it tentls to 

assume ot ita own accord by sprimg loading, there is continuit7 

to each relay, but tbe relays are not energised watU the pips 

on the crank•disc rim {Plato 3) actuate the micro-switches. When. 

a m1cro-awitch is actuated ite relay clones, switching on a 
clit.:ttraction light and starting a clock • 'lhe mlcro-md. t<:h eonta.ct 

ie momentary but the relay remains closed• keeping the elodk 

running and the light b;J.ndng until the nbenging in" circuit :ts 

broken by movement ot tbe throttle-lever backwards or forwards 

63 



as tho case may be. 

The eeating accommodation on the machine ia an ord1Wlt'1 

tubular steel chair with arm-rests (Pl.ate 1). It is. hOld by 

strap clamps and. wing-nutn to the chassis so that it has some 
ad.justment nearer to or t'urther from the controls. In practice 
alteration or the average setting is only neceG8lllJ!1' :in eo.oos ot 
very tall or very ehort subjects. 

The illustrations help to clarity the method of operation 

and the mechanism or the apparatus. 

PLATE l The general layout of controls 81'ld stimulus panel 

in the ·cockpit, and the machine in Operation. 

PLATE 2 The doors of the housing are open to ,show the m.eolm ... 

nism from the back. Tho long spiral. spring aerfts as a counter ... 

poise to the weight of the motor and platform. .:;ithout it 

exceesi ve force would have to be exercised in puehic:g the stick 

forward. . Spring tension is such that when no to.nard prtOSU1"8 

is put on the stick, it is balo.nced at about the mid pooition. 

, With the counterpoise spring removed, the motol' 

platform is viewed !rom above on. tb.e CMdidate• e right. The 

gearing system between the motor•sp:lndle and th• cranlt-diiSC makes 

the latter rotate at a spoed of six revolutions a minute.. The 

rod carrying the light ... spot lamp is shown extending t':rom the 

crank•di.ec towards the glass screen through the universol fulcrum. 

Between the fulcrum and the lamp a uni versa.l coupling lea.ds ·. ...:... 
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. through the small telescoping connecting-rod to the wiper--~ 

of. the upper recorder. On tlle lamp rod, between the fulcrum tm.d 

the point of coupling to the crtmk•disc, a si:milar G'fStem leads 

horizontally to the. other recorder • 

. PLitTE 4 This is another view of the motor platform f~ the 
back on the candidate•s right, only one micro-switch at the 

rtm of the crtitlk-d1sc being visible. The tlat r<tctll.l"lG'dlttr 

object near the . taU end . ot the platto.rm below the JDO'tor is the 
latter's permanent capacitor. 

PJ:,~TE ' Here the motor platform is seeu from the ba,ck on tbb 

candidate's left, without the counterpoise sprlnl• 'l'he :1pig­

ta.1.1e'* le~ding from inside the housing to the motor; mit;~ 

switch, and Hwiper-and•platett recorder, are flexible co.r.necti()ns 
that allow for the up and down and ld.dewaya movements ,of the 

motor platform when tb.e candidate rmrke 'the rudder-bar tmd sttok. 
The un1 vereal joint at the end of the loq connectiarl'Qd to the 

stick is coupled to a rigid stem ~:xtending downwards f't>ont the 

tdl end of the mot~r ·platform. 

PLATE 6 The hatchwq in the top ot the housing gives access 

to the one set of nwiper-and-plate" recorders. The knurled 

oorew on the wiper coatact is loosened to adjust it higher ~ 

lower o.n the arm for eetting and maintaining standard Gefieitt.;.. 

-d.ty. 
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TlSTING PROCEDURS 

The test is givon in t-.o sections. :First, the aubjoct 

controls the li&ht-spot with stick and rudder tor a stnndard 

period; the task. is then repeated with the addition of the 

distraction lights which have to be put out with the throttle. 

~en the subject has been seated comfortably with his 

right hand on the stick and his teet on the rudder-ped.:Us, he ls 

instructed as followa1 

"Do you see this spot of Ught on the SCl"ecm.? If you 

110ve the otick forward (demonstration) the spot of' lig.l}t moves 

domwardo, and it you move the stick backword.a ( eema::1otro.tion) 

the spot ot light moves upwards. SimUar]3 t if you push the 

rudder with the lett foot, the light wUl. 1110ve to the lett and if 

7011 puGh with the right foot, the Ught will mow to the right 

(demonstration). Thus, by co-ordinnting tho movoccnto ef stick 

and rudder, the spot can be moved in any direction. llow mon 
the spot of light back onto the centre of the circle on the 

ecreen. 

During the test the li.ght \ri.ll tend to move b7 itself 

ewq from the circle. By co-or4inllt1rlg the movemente of the 

stick and rudder you an.ust counteract the tendenq of the lisht to 

wander and keep it in the centre of the c1role. Should it 13J more 

than halt its diameter 'beyond the circumference of' the circle, 1n 

any direction, a clock will record against you the length of time 

that it ia outside the circle. 

Your task ia therefore to keep tho spot of light central, 

and should the light mov. beyond the circumference of the circle, 

to bring it back to the centre ae quickly a..o poDSible. Is tbat 
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quite clear? Now keep the light in the centre of tl1e circle 

and do not tnove the controls until you get the starting E.dgMl. 

Are you reedy? Beginsn 

It is customary for the obsorver to switch on t;trst ~e 

main supply and then the light-spot, to let the aubject ~men ... 

etrate tor himself' the effect of the controls Oft the Ught-s~t • 

'Then, when he is '1set11 and baa the l:i..;.:~t contra!, t'!Rudder·'' and 
nstick" switches ere put on and tinall7, the 11ilri.dng VJ>tor"'1• 

When the subject has performed tor three minutes, the 

main switch :I.e turned ott and the tf~rror-time'* ill seoo:O.dtii on. 

the respective "Stickn tm.d uRudder" clocks :is record.ed.~~t Then 

the second section follows• 

"In the next test tri.Ql, you are :requi:red to ~me the 

~ever on your loft as well~ At irregular intervals• thea& twe 
lights will switch on. 'l'o put out the r1gbt•hend. lil?'J's.t; l\!'"t>\1 

pu$h the throttle baCk. To put out the left-heuld U.ght, you 

puoh the throttle forv;ard. (:Demonstration) It :ts esfllentiQ]. to 

put tha lighta out as quickly ns poeaible.1 a$ the t:l.me th«t thuy 

re1il'lain on is recorded agai.nst yot1.. You tr.iat avoid pushins · the 

lever backwards and forwards wildlJr, and tt ~must be r•tunted to 
the central position each time, 

t;;J..e_ 
As before tA spot of Ught must be kept in the 4tntre of 

the circle. It you allow it to drift 'beyond the circw.ntoronce • 
.... 

errors will be recorded against you. Treat the lights as Q side 
issue, but do .not neglect them. Noe. remambexo, co-ordinat4t the 

stick · e.nd rudder movements. and at the Sl:.Ule time put thtt lights 

out whenever ther appear. Ready? Begin·ttt 
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This section alao lasts for three minutes. The "Error­

time" on the"etick" and "rudder' clocks, and the rea.ction-time to· 

the distraction lights which has accumulated oa the other two 
4~ . clocka, is recorded. The eubject•t~~ t•IM'CI 1a the total "Er.ror-

time" in eecol'lde for both uct1ons1 pl.u.e: the total reaction-time 

in tho second section alter it bas been con.nrted froe 

thcueandtha of a minute to seconds. 

Results ed .Diacuaaion 

Aa it waa not practicable to do any re-testing of air­

pilot candidates, en indication of the test•s reliability was 

obtained by 11spli t•half'' correlation betften the first and 

second .. ctiono corrected by the Spearaan•Brown formula, The 

coefficient a (Table I), coaputod on t.o separate a.Dl'Ulnl. groups of 

subjects, indicate ~uite good reliabilitJ, particularly in view 

of the fact that the second Action of the test ne n.ot identical 

to the first because it incorporated the additional taSk of 

reacting on the throttle-lever to the distraction. llgnte. 

The rele.tionahip of teet performance to success in fl7-
ing training is Shown in Table 2 by bieerlal correlations with 

a Peas/Fail criterion on the annual flflng courses ov.tr a period 
ot fiye years. 

The eigniticance leYela and alao the mean biserial 

coettic1enta for all the annual groupe were obtained by Tate's 
Z*•transformation method (4, 5,). All the Gigniticance levels 

are two-tollled, although ther-e would probably have been good 

juat1f1eat1on tor giving them ae one-tailled because it was 
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expected, in the light of previous findings ri.th the A.I •• c. 
Mm It that the pre.aent test weald rel.e.ttt to tlylng auoceas. 

With tho exception or the 1955 group• there ita a 

gen&ral tendency tor test pcrfow.o.nee to corr<!!la.t·e with fl;,ying 

succcUJfSt but, because of the small .A.ze or the eepare,te JiUUlual 

~ups, most of the coef'fici.ents do not roagh the ~fi'· level of 

eie;rdticance. However, the meen cootfici•nts f~r the fiw group\ 

na.me}J' o.;2 (section 1), 0.31 (section 2) Md 0.25 (Diatraction 

lights,. only), .are highly signi:t'icnn.t and in the e:q.eete!S 

direction. It is l1kel;r tbat the validit7' al1om bf the tilia­

tmetion-li&ht sub-ISection derives l~gely t:rom its e~~n~ 
:lnvol.vement in the main co-oi'Ciipativo task of ~Steering the light..• 

spot with the stick end rudder-bar. !arly inwatigatiooo in t.h~ 

A;ptitude Teet Sectiott during the lest war showed ;.retty Cl)ft¢lu ... 

sively • that this elementaey lld.nd. of reaction by i.t~lf i:id not 

rela.te. to flying success. 

The Yelidation in fable 2 .e.o done on groups wbi¢h l1a6 
' ' 

been blgbl.J selGeted for flying trsiming by mean~J ·Of a. bntte17 

that included tho A.l •• C. as one of the pr.iacipal testa. Tllia 

meant the .inclusion ot very few inferior pretormaJ'lef.tGt and tho 

rosuitant restriction of range in tb'O criterion groups must ha.'t'& 

bad qulte a eona1dereble effect in doprossia~ the correlations• 
so that, for tbe most part, the1 .are probably an u:nder-

esti.mate of the actual valiciit7 of the test. 

Product-moment corrtitla.tions · betw0en tho total score 

on the A.:t .• c .. test (positively acoelerated) and achiewm~nt in 

some ot the main bra.nches of a recent tlying course are g"l~n in 

!able .;. As ·the I ... L.c. test was bcl:u.ded again t.n. the at:leeti.on-
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battery, depression of the correlations through curtailment of 

the sampl~ could also havo occurred here. 

As could be expected, there appears t<~ be littl.e or no 

rele.tionship between the A.L.C. test and the "ground'i or theoreti• 

cs.l br~ncbee of the course, but the test correlates e.t.gnifieMtly 

(0.40) with practical air!Tl9nGhip. Intellectual teste GUCh as 

Mental Alertness and Technical and Scrl.entiftc Comprehension which 

correlate vd tb certain or the ttcorot1cal branches. n.~ow no 

trl.gnificant relationship to practical e.irmo.nahip. The latter ie 

regarded as the ultit!'l8te proof of the pilot's profic1ency1 an.d if 

he cannot fnlfil certain minimum req,airements. he doe~;; not qttalif'y. 

irrespective of. how well h.e may havo tar:Cd in the theoretical 

exnminations. It ie tberetoro obvious that a teat whi.ch ohoa 

useful Vo.lidity for predicting G!lCCOSS in pr<:~ct:i.cnl n;J'ing, ie 

·highly dedro.ble. 

Rela.tionabipe between achievement on. tho A.L.C,. and 

scores on various otber teste are given in fable 4. The .i.!,.C. 

appears to be e. very spec:i.tic test. Apart from e.. very smnll 

eorrelatton with Thur.ston.e•s Repea.ted Letters test, it rihows no 

connection with any of the intellectual• perceptual or te.rement 

and portJOnality variates. However, it shows n small to Il'OM::t'i)te 

overlap witb Floating Effect Co-o:"dination (1), Vttriable co­
ordination (2), ud the Willemse Board (3) in which a loag Sloping 

board 1s tilted by the subject to steer a rolling marble .paSt 

obstructions into a. receptacle. 

Table 5 gives the mean scores on the A.I.,.c., and fotlr 

m.entel tests, of subjects whose home le.nguago was respeetivelr 

Engiiah or Afrikaans. Scores for the mental tests retloct pos1~ 

tive achievement, but thoae for the tt.L.c., tb6 total ~'.Brror-timeu 
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in seconds. On the mental tests the English group e.corad 

aig.niticantly more. On the A.t.c., whil.e it appears that the 

Afrikaans group fared rather better, the significance of tho 

di!'terencc betweon. the means does not re~ch the 5;{, le-vel. 

There are vnrioua possible explanations tor th.n 

superiority or the Bnglioh-speak1n.s group on tho mental teste 

which •111 not be discuese4 here apart tram mentioning 3u.st two. 

F'irtstl1• there is a far greater quantity and variety of' tec.'mical 

and scientific literature available to the Engl.iott-sr,;eatdng in 

their own langQagea secondl7, military air-pilotage e.s a career 

has leas attraction for the intellectually bigher-grtl\de Af'rikaan.s 

speaking tJwn for the t;nglish-speald.ng or similar standard!*' 

SUMMARY AND CONCLUSIONS 

1. The mechanical functioning and application ot an l~Leg 

Co-ordination test apparatus specif.ically de.signed for use 

in selecting candidates tor air-pilot training in the ~1outh 

African Air Force, is described. 

2. Reliability coefficiento derived fro~"spltt-haltu correla­
tion between the first and second eectione ot the teat on 
separate samples of 161 and 185 subjects, ttet•e respectively,. 

0.89 or 0.91. 

3• On five co.n.secutive s.nnual groups totalling 181 pupil. pUot.s, 

The following mean bioertal correla.tions wero obtai~ 

between achievement on the test and euccoss or feUure in 
fl.ying trai~g: Section lt Stick and Rud(ler Co.or(linntion, 
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0.:;2 (P • 0.0002.); Section .?., St!c'k am4 Ru4a&r Co-o:rdiASttlon 

plu11 1!'hrottle-light diatrn:CtiOBt O.;:il {P ~:t O.C003) ;. fbJiOttle­

ligbt distraction b:ritselt. ·o.2;; (!> ft o.oo42) • 

.\. A p.roduct•mollleDt corrole:tton ot' o.4o, 8119\iflc~t a.t bett-;,r 

than the 5'i~ level w~u!l obteieed betit't)$f.i total po:rfrOif~Q~ $,U 

the A .L.c. Md acbi~Y&t'l;!ent. in pr~ctietitl. ~lro~l'd.pifi 

-'• !be e,.hov• v.\?il1ditr eoettf..o:tents probubl.;r gi'fe uner-~ettmat-ea 

of ect.uel validS.tr ~e&.uae ot reotrlet:14n of re~,att t:n. the 

criterion groups through Jl1'rO•acloctlon. 

6. !her& eppears to b~ no signifiol'Jftt rel•t1on.mtd.p btil\~n tile 
A.t.c. ana the tbeo.reticilll br·;~Jloh•s ot the tlr1ng eour•• 

1• 1'ho 1'1i: .. l •• c. 18 e. very .• d.f.lc to~. but it .&GO"a ,(!.ba-;;J MilU, 

to !li!!Ode.rate corr.·ol~·ti~tUil with three otber eo•or:c.U.nati<mG 
tests. 

s. While $t.t'bjects u:boae holM .lMgttl!l.wtl waf:l fl!l(!U . .sh t~:;.dod to ~O· 

'better at certlll:ht mcnt~l teoto tlll*D thoso tthop hotgft l$:n.pap 

wtu!l :~frik:ae:na, t:hore weu r:o tdgn!.t1c~:ot tUff~tr-Mce t.n the 

•e~.n perform~.nces of the gi'O~ps en the: .;~.taC• 
• 

9• Bllaed esae.nti&ll1' o.n an ea:rliel" protot)'Jle', dniH4 'b:r tht 

. writer tn the .;ptitu.de te~J>tG t~etion or tbe lhA.t,,.r-. &~:rtns 

tb• lsat war, tho proeent ~~W4fll or tho A.L.c. tftco:t-~r~.ks . 

eertain mech&:nieal improv•enta ant! 4nr.tag tho ~ fUtt.eea 

ycara S.t ha6 been a stand.crd te.~mt 1D e,U s.A.:A.f,, pU:ot 

selection b~tte:rtech Sbc:rtlr at:t.or the .rJill.u:.htno hu ~n 
eompleted au tried out, full c<m:tJtructic~ de-tmile r..-.re 
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ma.de available to the Royal Air ForcEr in Britain. it has been 

reported tha.t the R.A.F. constructed tmd are us1ng, a stmUar 

device they call the HSpriagbok" •. 

Construction of the M.ark II model was done 1n th~ 

Central 'Workshops or the south African CoucU fo.tt scie:ntifie and 

Industrie.l. Research unde.r the superv1td.on ot Mr. J. vnn ®r Staay,. 

Mr. s. fia.rrison did the mechttn1calt' work; J.lr. I-l.J. Botes, th• 

!IOodwrk; aJtd Jil.r. £l..J. BOtes the electrical installat1'0th 

1. PE lft1!, D. R. Co-ordination em a floa.titlg effect 
Nat. Inst. Perscmnel Uee., 1 19591 St 28•38• 

DE Wf.'T, D.R. A variable co-or-dination te~ and its 
.PQtentialitJ as 11 gsuge or aptitude for ~..i~ 
ship. Pezchol. Afr., 1962, 9, 8c;...99. 

SKAWRAN • R.F. The Willemse board. as a peraouelitr test. 
Pgchol. HAfr., 1962, 9, 72•8' 

TATE, R.F. The biserial and po~t correlation coef'fieients. 
Univ. N. Carolina I.net• Math. Stat., YJ.meogt,>aphed 
Seriet1! No. 14. · 

lflALKER • H. P. and J. u:v. Statistical Inference 
New York, Men17 Holt, 1953• (refers to Tate 
above 269-270) 
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TABLE l 

Correlation between first and second section of test .. 

Group N 't' Rel. 

l 161 o.ao 0.89 

2 185 o.84 0.91 
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TABLE 2 

Biserial correlations with Pass/Fail Criterion. 

Year 195.2 1953 1954 1955 1956 Overall 

N 29 23 38 48 43 181 

Pasees 25 18 30 34 33 140 

Failures 4 5 8 14 10 41 

Co-ord. 
Section 

r bts o.:;s 0.27 0.43 0.02 0.52 0.32 

p 0.0930 0.1892 o.o182 o.8886 0.0019 0.0002 

Co-ord. + 
Distraction 

r bis 0.31 0.35 0.38 -0.02 o.63 0.31 

p .0.1586 0.1616 0.0536 0.8886 o.ooo2 0.0003 

Distraction 
Lights only 

r bio 0.17 0.19 0.32 0.26 0.30 0.25 

p 0.4778 0.4716 0.0930 0.1470 0.09'70 0.0042 
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TABLE 3 

Relationship of A.L .c. and two mental teete to various 
11,-ing trainins criteria. 

(Decimal pointe oMitted) 

N FlJ1ng Training A.L.C. t-1ent. Tech. 
Criteria Total Alert. s. COI'Ip. 

55 Aero D,ynamice 17 18 318 

57 MeteoroloQ -18 ,,. .3le 

55 Aviation 18 ...04 18 

55 Engines -23 ll 09 

55 Instruments 22 15 3le 

63 .Radar 02 06 25e 

55 Approach Aida 06 39a 27e · 

;6 Navigation 15 28e 23 

54 Ground% 05 26e 36e 

55 Flfing% 40s Olf. 10 

nsu imp11ee significance at the ~ level or better. 
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TABLE 4 

Correlations between A.t.c. and other testa. 
(Decimal pointe omitted) 

N Other Teste A.L.C. 

177 Mental Alertness 01 

177 Technical and Scientific Information ·09 

17l Technical and Scientific Comprehension -ol 

171 Fl7fng Interest Inventor,r ..04 

176 Mathematics 05 

132 Gottecbaldt Figures 05 

132 De-eigne Teet -o9 

120 Dote Cancellation 10 

132 Repeated Letters 22s 

177 Span of Attention ll 

17? Serial D1ecr1Eination -o? 

171 Flicker Fusion ..02 

113 E.E.G. Alpha Frequency o6 

128 l'ersonal.itr InYentoi'J 02 

172 Temperament ~uestionnaire 09 

171 steadiness (V~ual) 12 

177 Floating Effect Co-ordination 25s 

17? Variable Co-ordination 26s 

rn Willemee Board (Co-ord.) 32s 
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. ' 

TA~LE .. 5 

Metuts and. s.D.e of l!~nglish and Afrikaeaa apealdns 
subjects .. 

. 

~glisb N:172 Afrikaans. Ncl05 c.R. of TJCST 
)lOSil s.n. Mean S.D. Diff. M•.e 

Tech. and Scient. · 
Informa.tion 37.49 4.4b 29.99 ,5.44 9.98 

Tech. end Scient. 
comp. 22.26 3~78 19.7? 4.27 4-.06 

· . ~g Interest 
InV&nt~~ 54.67 1.?.38 45.80 10.35 4.96 

H~n~ Alertness 27.?6 }.98 24.'+9 5.27 4.68 

Arm--1og 
Co•oritnator 379.19,74.1} :;64.96 ·85.U 1.1? 
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AIR-PILOTS' ARM-LEG CO-ORDINATOR MARK I. PLATE 1. 
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AIR-PILOTS' ARM-LEG CO-ORDINATOR MARK II. PLATE 1. 
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AIR-PILOTS' ARM-LEG CO-ORDINATOR MARK II. PLATE 2. 
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AIR-PILOTS' ARM-LEG CO-ORDINATOR MAR~ II. PLATE 3. 
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AIR-PILOTS' ARM-LEG CO-ORDINATOR MARK II. PLATE 4. 
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AIR-PILOTS ARM-LEG CO-ORDINATOR MARK II. PLATE 5. 
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AIR-PILOTS' ARM-LEG CO-ORDINATOR MARK II. PLATE 6. 
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THE RoUNDABOUT TEST 51 

ROUNDABOUT PURSUIT TEST. PLATE 2. 
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50 D. R. DE WET 

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

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

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

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

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

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

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

Testing procedure 
The upper photo in Plate 1 shows how the apparatus is arranged. The 

pursuit-unit rests on a small square table in the middle of the room, its disc being 
more or less central with the table-top. Two trays, each containing six steel balls, 
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52 D. R. DE WET 

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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THE RoUNDABOUT TEST 

ROUNDABOUT PURSUIT TEST. PLATE 3. 
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54 D. R. DE WET . 

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 
Alternations). 

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 clock1 is recorded. 

The calibrations on the index-rings correspond to the following second­
intervals on the stop-watch: 

Ring B: 3, 6, 10, 12, 16, 19, 24, 27. 

Ring C: 4, (7·5, 8·5), 11, 14, (15·5, 16·5), 21, (23·5, 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 
beher 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 (Tabk 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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56 D. R. DE WET 

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) . . .. J3 
[Suspended for poor flying ability . .. .. 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 given in terms of the 
average time per trial for each section. 

Table 2 
Means in terms of the average time per trial in seconds for each of the three sections of the test . 

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 .. 16·8 13·0 15·0 
Average " Error Time " .. .. 2·5 3·0 3·3 
S.D. .. .. . . 1·8 2·0 2·0 
Average" Correct Time" .. 14·3 10·0 11 ·7 
S.D. . .. . . .. . . 7·5 6·0 6·7 

Critical Ratios of the differences 

Sections of test .. A&B A&C B&C 
Average "Error Time" .. .. 4·10 6·56 2·24 
Average" Correct Time" .. 8·32 4·86 3·96 

(t ~ 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 substantially greater basic difficulty of Simple 
Alternatioqs 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 tP,e 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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Interco'rrelations 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 reliability would be of the order of 0 · 80 for " Correct Time " and 0 · 84 
for "Error. Time." 

Table 3 
Product-moment intercoi·relations between sections on the measures " Correct Time" and " l:.rror 

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 

Mean r 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 uhder 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 
I 

r -0·05 0·13 0·23 A&B A&C B&C 
p 0·529 0·099 0·004 0:097 0·009 0·340 

I 
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With regard to results obtained by the autilor on Handlebars (I) 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 

'his p 'his p 

A. Plian Circuits . . .. .. 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 v.alidities 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. Censoring has proQably 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 correlations between the Roundabout and other sensory-motor test~· 

ROUNDABOUT 
' 

Total Time Error Time Correct Time 

r p r p -r-1 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 - 0·06 -
Time .. .. . . . . -0·30 <0·0002 0·16 0·043 -0·35 <0·0001 

ARM-LEG CO-ORDINATION . 
(Air-pilots) 

Without distraction .. . . -0·17 0·032 0·09 - -0·20 0·011 
With distraction . . .. -0·25 0·001 0·00 - -0·27 <0·001 

--------
STEADINESS (Manual) 

Total Time . . .. . . -0·02 - -0·01 - -0·02 -
Error Time . . .. . . -0·19 0·016 0·03 - -0·20 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 

- I 

Total Time .. .. . . -0·09 
0·001 1 

0·01 -0·09 -
·Error Time .. .. . . -0·25 -0·07 -0·24 0·002 

Number of cases = 161 

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

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

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

From the practical standpoint, the most noteworthy fact emerging from this 
table is that " Error Time " on the Roundabout relates much Jess 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 minus 
Error Time). The present study is mainly concerned with the measures 
"Correct Time" and "Error· Time." 

4. In Section B subjects tended to make more error on the pursuit-unit and 
keep the ball balanced for a shorter time tha!l 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. 

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

6. 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. 

7. "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. 

8. 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. 

9. 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 correlatioa being -0· 35 (P<O·OOOl) 
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. 

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

11. 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 ofthe "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-tin:te 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 runriing 
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 
sug&estion fo~ supplementing Whipple's 
stratght slot wtth 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 
emotional pressure, he did a final trial under 
the threat that he would receive an electric 
shock if his speed did not at least equal the 
average standard he had previously attained. 
Thus on the A.T.S. test, fear rather than rage 
pervaded the emotional-set. 

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

Present Model 

The following apparatus retains all be­
havioural essentials of the A.T.S. prototype, 
including dimensions of tracks and stylus­
diameter, but incorporates extensive technical 
modifications, mainly with a view to in­
creased compactness, portability, and ease of 
administration. Apart from the need for re­
ducing the physical inconvenience of the 
original lay-out, re-design seemed expedient 
on the psychological rationale that its "make­
shift" appearance might adversely affect 
standardisation by alarming certain subjects 
and inspiring others with a contemptuous atti­
tude towards the test. 

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

B~th tracks are backed with glass-strip held 
in place by a system of pressure-pads that 
gives firm holding without the need for 
screwing down the tracks, and enables the 
glass to be easily and quickly renewed. 
, Only a,bout a third of the Control Cabinet 
shown iri 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 
reliability 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
button 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 
iow amperage to preclude the hazard of 
injury. 

Switch B sets the dock-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 
each run 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, otherwise he will receive a 
fairly severe electric shock. 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 ~roup 
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 

······~· 
1955 1956 1957 

E Successes ...... ...... ...... . .... 34 33 36 5 

Suspensions ______ 11 8 11 

I 
14 - ... -- ............ ·-----1 8 

Total ;N ___ ······. .................... 
-----1 38 I 45 I 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 

PRODUCT-MOMENT INTERCORRELATIONS BETWEEN THE FOUR TRIP.!...S ON THE MEASURE 
"CORRECT TIME" (TOTAL TIME minus ERROR TIME) 

TRIALS 
I 

1954 1955 I 1956 1957 1958 MEAN r 

1 & 2 I 77 90 BE 93 91 89 

1 & 3 I 73 87 89 86 85 

I 

3 

1 & 4 56 83 84 86 77 79 

2 & 3 G= 96 95 97 92 95 

2 & 4 86 92 89 87 87 i 
3 &.4 I 83 I 90 94 87 83 I 88 

I 
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Table III 

t>RODUCT-MOMENT INTERCORRELATIONS BETWEEN THE FOUR TRIALS ON THE MEASURE 
"ERROR TIME" 

TRIALS 1954 1955 

1 & 2 80 51 

1 & 3 64 67 

1 & 4 68 57 

2 & 3 69 68 

2 & 4 67 70 

3 & 4 50 72 

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 campo-

1l0 

1956 1957 1958 MEAN r 

74 68 52 65 

57 56 50 59 

28 39 40 47 

73 87 55 72 

50 56 32 56 

70 68 65 66 

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 si6nificant in 
Trial4. 

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 



131 AN IMPROVED STEADINESS APPARATUS 

5 IMPROVED STEADINESS APPARATUS CONTROL CABINET. 5 

Drawer '0' 

slides out 

forwards to 

expose the 

mechanism. 

Spacing Disc , 
,-
0 

Brass b~tw~~n 

Wood. 

into 

Wood. 

12 

of Cabinet 

Drill & countHsink 

3
§
2 
hol~s for Brass 

r-1-Hs-c_rl_~~·~" J '"o 6 

Tin and sw~at ,, 
! • .,..6: 

D
i:I . g~r!Qi...i, 

Spacersa 2 1-0 

. 0 ......... .0 .......... O .. J Sid~ 

sid~ of covH forms a small 

surfac~ for ObsHVH. 

11 .1 

1 
2 

BACK VIEW 

~Compartment 

for cable 

and spare 

4-way sock~t 

for cabl~ to 

SubjPCt's Pan~l. 

overhang 

~dg~ of tabl~. 

DROW 



D. R. DE WET 132 

Table IV 

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

TRIALS 1954 1955 I 1956 1957 1958 MEANr P= 

1 23 -18 I -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. 0. H. Roberts puts 
the matter in a nutshell: "The stress situation 
generates urgency, and urgency 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 19~ 1955 1956 I 1957 I 1958 MEAN P= 

r bis S.E. r bis ~ r bis S.E. r bis S.E. r bis r bis S.E. 
----1-

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 -------,-------;-I 4 30 21 44 17 08 23 15 20 15 22 I 007 

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

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 01 -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 Melton (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 
tlian the prototype, and reliability is accepted 

1.14 

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. 

Acknowledgments 

Mr. J. B. Kirstein took the two photographs 
of the test being administered. 

. ·Many routine calculations were kindly and 
competently done by Miss C. M. Elder. 

Mr. A. 0. H. Roberts was very helpful as 
a source of expert information on statistical 
theory and practice. I am also indebted to 
him for stimulating discussion that contribu­
ted towards clarifying the interpretation of 
several points in the data. 

REFERENCES 

BIESHEUVEL, S. (1943): The diagnostic value of 
flying-aptitude tests designed for the South Afri­
can Air Force. Unpublished report. 

BIESHEUVEL, S. (1958): ·validity changes in tests 
with lapse of time and their causes. Paper read 
at the meeting of the Commonwealth Advisory 
Council on Defence Science. Melbourne. 

LIBASCI, A. M. (c.1949): Buck-fever and the pistol­
shooter. Reprinted from The American Rifleman 
in Askins, C. (1953); The Pistol Shooter's Book, 
Harrisburg, The Stackpole Co . 

MELTON, A. W. (1947): Apparatus tests. Report 
No. 4. Army Air Forces Aviation Psychology 
Program Research Reports. 

TATE, .R. F.: The biserial and point correlation 
coefficients. Univ. N. Carolina Inst. Math. Stat. 
Mimeographed Series No. 14. 

WALKER, H. P. and LEV, J, (1953); Statistical 
Inference, New York, Henry Holt and Co. (Refers 
to Tate above 269-270). 

116 



GOLDFIELDS 



IMPROVED §TEADINESS APPARATus 

(Note on earlier model) 

The internal consistence of performance on the basically 
similar apparatus used during tho war, shown by split-hal! 
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 biserlnl correlations between a test 
score of Average total error and success or failure at Flying School. 
was as follows: 

- ' 

I rbis S.E. N 

0.309 0.067 262 

0.361 (Not available) 170 

The time measure showed no significant relationship with flying 
success or failure. 

A score consisting of the Average Time divided by the 
A vei:-age 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 I Av. Error, whereas the Secondary­
functioning individual would tend to work comparatively slowly, make 
few errors, and produce a large score for Av. Time I Av. Error. 

On a sample of 67 subjects, who bad been rated as Primary or 
Secondary In accordance with the combined ratings of several testers 
and the material from two separate questionnaires and an information 
sheet, a biserlal correlation of 0. 45 (±. o. 06) was obtained between 
Av. Time I 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 suitablllty, was 
not regarded as very important; the emphasis being more on general 
pUot sultablllty. 

As regards the apparent lack of validity of the Steadiness Test 
for post-war selection, Bieshe.uvel (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 atttibutes which were of 
greater importance as determinants of success in flying training at 
that time than at present. " 
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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 effi­
cacious. On the contrary, there may be occa­
sions when such an action precipitates 
disaster. 

Successful reaction in even simple environ­
ments depends most often upon some success­
ful antecedent discrimination. This factor of 
initial cognitive choice increases in import­
ance as activities get more complex, and in 
an extreme situation like the cockpit of a 
large aircraft with its multiplicity of controls 
and instruments, becomes so overwhelming 
that simple reaction-time is swamped to in­
significance. This does not imply that the 
temporal factor as such no longer carries any 
weight; it remains very important, but merges 
into a composite measure where time taken in 
identifying the correct response from several 
possible alternatives, is inseparably conjoined 
to time taken in performing the motor-act of 
response. As the process of identification or 
recognition tends to take comparatively much 
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longer than the final efferent response, simple 
reaction-time becomes a lesser ingredient. 

For occupational selection then, far more 
reliance has been placed on Choice-reaction 
tests, which vary a good deal in . their degree 
of complexity and nature of stimulus and 
response, but have as a common feature some 
insight appurtenant to the subject's reactions. 

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

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

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

Chronoscope recordings during this early 
part of the test are thus mainly measures of 
learning progress in establishing the associa­
tion between a colour and a locality. It is only 
after the subject knows the combination that 
his performance reflects his Choice-reaction 
time. 
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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 thc:.t 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 rbis .31 .52 
-----

Time 
fb;s/S.E. 1.45 3.48 

rbis .60 .48 
Reaction -----

Time fb;s/S.E. 3.54 3.13 
I 

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 
l954 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 correlated 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
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 
quo; 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 designed 
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 t,he 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 
Jp 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. l are wired in the random order shown 
here to form four groups, each linking up perma­
nently with one of the stimulus-lights Ll, 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 
~f the "cut-out" relay. From the latter pole, which 
Is 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 
secm;td sect!on of t~e :•cut-out" relay are arranged 
to give senes contmmty between the one 6 volt 
secondary pole of the "Light" transformer (lower 
rig?t) a!!-d ~he _selector-brush of Bank No. l regu­
latmg d1stnbut10n to the four stimulus-lights Ll 
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 
mo_vable 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 l, 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) Wit~ bot? switches in the "up" or "X" posi­

tion, relatwnsh1p 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. l. 

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 
into 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 with the brush, 
actuation of any relay by depressing its appropriate 
control energises the selector-magnet, records 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
mechanisll?- move~ on another step to illuminate 
another ~tlmulus-hght; or occasionally, the previous 
hght agam. 
. Should more than one control be depressed at a 

t1me, the "cut-out" process described earlier takes 
place a_nd the main switch C must be turned off and 
on agam to reset the circuits. 

Discussion 

The four stimulus-lights, like those on the 
prot~type models, are arranged unsym­
metncally to prevent a too direct spatial 
association with the controls. 
. There ~re twenty-four possible combina­

tions of hghts a~d controls. The following 
four of these, which were found in a short 
~xp~rimental study to be pretty nearly equal 
m difficulty, have proved adequate for general 
selection testing: 

(1) Ll Right foot. 

(2) 

(3) 

(4) 

L3 Left foot. 
Ll Left foot. 
L3 Right foot. 
Ll Right hand. 
L3 Left foot. 
Ll Left hand. 
L3 Right foot. 

L2 Left hand. 
L4 Right hand. 
L2 Left hand. 
L4 Right hand. 
L2 Right foot. 
L4 Left hand. 
L2 Left foot. 
L4 Right hand. 

A significant behavioural feature of the 
learning part on this test and its predecessors 
and one that distinguishes them from mor~ 
usual laboratory choice-reaction tests is that 
t~e subject is permitted o?-lY a singl~ imme­
dia~e r~sponse-essay to a glVen light. Whether 
he IS nght or wrong tbe light promptly goes 
out. To identify a correct response he has to 
rely on comparatively extraneous auditory 
indication. 

On. more us~al tests of this kind, the light 
remams on until the correct control is located 
by trying more than one in succession and 
here the criterion of correct response i's 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 difficult 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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POR'rABLE HAND-FW!' REACTION 'rES~ 

(Note on earlier model) 

Tbe relia~111 ty of the earlie.r war-time fiOdel, which 

lacorporated the same behaVioural essentials as the· present one, 

is indicated br the following inter-trial correla.tioruu 

MEASURE r ti 

VLU"iabilitz 

(10 ad 5 minute trials) 0.710 208 

Ree,ct1on §p!Gd 

(10 ana l ·minute trials) I 0.837 ,316 

(10 and 2 minute trials) I 0.900 241 
T - ·• ut t o. 24 .- 8 I ( 1W 5 mn e rials) 

I 
9 

Va:rinb:i.li ty was the deviation trom the aYe rage nu.mber ot 

contt'Ql$ ;pressed tor each 30 Meon.d period. It was not _ praoti• 

cable to obtain a coefficient on the Learning Time section, whtoh 

wol44 have me.ont a repetition of the rather lengthy learning 

procedure on another combination of lights and controls. 

Validati.ons of the earlier model yield•d the follo1fins 

biserial cor:relations between test scores and success or failure 

at FlJing Schools 
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I-1EA.SUBE r bie s.E. N 

t.::ettrnina 0.201 0.089 219 
Time . 0.241. (Not available) 170 

R&ac:tion 0.363 o.o84 2!76 
rime 0.418 (Not e.vailable) 1?0 -

(Sheri Lea.nd:ng end Rea.ction times were fllVOUt'able to success) 

These correlations ere somewhat smaller than these 

obtained on the post-war groups for 1954 or 1955 with the . . . 
. redes1.gned epp.aratus. In adaition to the fe.·ct that the latter 

was mecha.n.1.eally more eff~.cient than its predecessor, there were 

some prooedural changes in the poet-war testing. Greater 

emphasis was placed on epeed., which gav• more sco~ to rapi.d 

letU"ning capacity • tmd by changing the relationellipa between ' 

lights and controls mer~ frequ·ently, there was ~e.ry little chance 

that eubjecte. e.lrea.dy tented could divulg'e the combinations to 

others awaiting their turn. 

In 1942 (with the earlier model) ah attempt cas made 

to derive an objective temperament measure from the test, on the 

ase:.u.roption thnt Frirmary-f'uncti.oning eu.bjectn would work more 
' ' 

quickl:r but be more 'Variable from period to period1 wbe1 .. eas 

secondtill7-f'unctiontng subjecte would. work more sloflly but be more 
consistent. On a s9.ll'!ple of l72t where the subjects had been.. 

· i'!t.ted ae r;ri~ tCr.l. Seeondar;r by three or more independent 

obsel'VQra, a bi.serial. correlation of o.4S <.t 0.09) was obtalned 

between vari.sbility on tbe test (deviation from the a.verage 
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number or controls pressed for each 30 second period) and the 

· function ratings. The biserial correlation between speed of 

work and function ratings was 0.30 (!: O.O?). A combined speed 

and variability score gave a biserial correlation of 0.57 

(! 0.06). On a. later sample o.£ 102. a combined epeed and 
' + 

variability score correlated 0.55 (- 0.06) with function ratings. 

All these results were consonant with tb.e above assumption. 

Other research had indicated that, in general, a 
Primary tendency was desirable tor fighter pilots, and Secondary, 

for bomber pilots. In peace-time, however, with air-training 

on. a very much smaller scale, it was not considered worthwhile 

to emphasize this distinction at the selection stage •. 
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SECTION I 

1. Constructional details are given of five co ... ordination 

teste, a Stead.inees test, and a complex Hand-foot neaction 

test; together with a.coountG ot their application to groups 

ot air-pilot candidates. 

2. As indicated by inter'-trial correlations, all the tests 
have useful reliabilitye 

3· When a test such as Handlebars, Variable Co-ordination and 

Steadiness affords measures of both ncor:reot'ITime" and 

"Error T1me11 , the former is the more reliable. (In the 

Roundabout, nError 'l'ime" is quite a different concept as it 
refers to achievement in a part ot the teet separate from 

that 1n which "CorreetTim~" wae_measured). _Where Time and 

Error are involved in the same activity, as in Handlebars. 

Variable Co-ordination and Steadiness, there is usually some 

negative correlt:ltion between them, implying that faet work­

ing does tend to favour the production of more arror .. 

Opposed to this, however, there is some instrumental depen• 

denee between the measures ~thereby fast working reduces 

error because the subject simply baa l.ess time in which to 

accumulate error. In a complex task like handlebars, 

which demend.s very precise and cnretul work, thio ,effect 

is. less marked, a.nd Time correlatea with Errol" to the 

comparatively large extent of -o.:;9. However, .in the 

simpler Steadiness task it is more marked, and while the 
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average correlation between Time and ~rror is about -o.10, 

on some groupe there were actually small positive correlations 

between the measures, indicating that in this test fast 

working may sometimes be slightlJ conducive to the production 

of !!!!!! error. 

4. In all the teste, there are some measures that show a 

significant relationship to success in flying training. 

Validity coefficients are biserial correlations between 

test performance and a Success/Suspension criterion in which 

suspension was only for reasons of poor practical airmanship: 

Floating-effect co-ordination 

On two annual groups, overall performance gave respective 

coefficients of 0.71 and 0.31. The first group, that 

produced the larger one, was significantly more heterogen• 

eous in ita composition. 

Handlebars Co-ordination 

Only on one of three annual groups tested was there any 

validity, and this was confined to the first trial : 

Correct Time, 0.32; Error Time, 0.35. (Slow working and 

less error in the teat, was associated with flying success). 

Variable Co-ordination 

Results from one group tested indicated that on the "Correct 

Time" measure three of tho four trials were valid 1 1, 0.34; 

3, 0.42; 4, 0.48. (Fast working in the test wae associated 

with t11ing success). 
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Specific Arm-les Co-ordination 

On four of five annual groups tested, total performance 

gave coefficients ranging from about o.;o to o.6o. The 

mean validity coefficient tor all fivo groupe (considerablY' 

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, was 

obtained). This machine has become a standard "job" teat 

for selecting pupil air-pilots • 

.Roundabout 

Results from one croup teoted, showed thnt measures on the 

Pursuit part of the teat ("Error Time'1 ) bad 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 1 0.19; 4 (Stress Trial), 0.22. 

(Slow working, probably indieatins an absence of *'nueter", 
was associated with flyin5 success). 

Hand-foot Reaction 

Results from two groupe (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 subse~uent Reaction part had useful validity, but 
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the latter, in which the candidate had to apply what he had 

learnt, quickly and without error. was the more significant, 

with coefficients ranging from about 0.40 to o.6o. 

5· The tests which appear to have the least use.fulness ae 

in.streente for predicting success in flying trainin€; are 

Handlebars Co-ordination and Steadiness. Pos!!ibly the 

mul!loular control involved in the former is of a much finer­

pattern than is ever likely to be required by the air-pilot. 

This test might give better results in rela.tion to some of 

the finer industrial occupations. Performance in Steadiness 

(particularly u.nder stress) is ver1 dependent on peraonali ty 

factors which were concf!d. vably of more importance for .success 

in war-time training, when the test showed useful validity. 

Flying • .however, remains a basically inti.miclat.ing vocation, 
·.and it is of' interest to note that in both Steadiness and 

Variable Co-ordination the tr1a.1JS that showed the most 

sigl'lificant relationship with fiying success were those in 

vhic'h there was the threat of puniahm8nt by electric shock. 

6. It ia likely that the validit,- coefficients obtainod with 

these tests have been depressed by the restriction of range 

in t}l:e criterion. groups through pre-selection. This han 

particular reference to Spf)cific Arm-leg Co•ordtnatton, 

Steadiness, and Hand-toot Reaction. which formed part of 

the actual selection battery. 

Scores in the other tests did not play any part 1n the 

actual selection of the candidates on whom the subsequent 

validation studies were don~. and the d.epreasive effect 

would theretore have 'been less :l.n these tests •. (See 
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Section VII, nRelb.b1lity and Validity"). 

? • For various practieal reaa011B1 it was not possible to 

administer all the t&ets to the samo groups of candidates. 

The rev available correlation& between teete are mostly 

rather small and %'$Strieted to certain parts ot tests, but 

in the case of Handlebars and Steadinees there appears to 

be a subatantia.l overall relationahip, the coetficie.nts 

being 0•5} (Time) and o.4o (Error Time). These and other 

available correlations are discussed 1n Section III. 

8. Although a group of Englieh•spealdng eubjects did better 

t!uln a group of Afrikaans-speaking in·certain mental tests, 

there was no significant difference in Spoc1f1o Arm•leg 

Co!i=ordina.t1on. tater resuits from Floating-effect 

Co-ordination and.Variable Co-ordination (not q_uoted here) . . 

have likewise shown no significant differences between groups. 

9· 'While the tests in this section were intended primarily .for 

air-pilot candidates.. some of' them might have wid.er applica­

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

SENSORY-MOTOR TESTS INTENDED MAINLY 

FOR INDUSTRIAL RESEARCH AND CLASSIFICATION 
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SECTION li 

Introduction 

Industrial operatives, like air•pilota, are primaril7 

concerned with aituationa in which practical skills pla7 an 

important part, but which are~ generall7 leas complex, exacting 

and hazardous than fl7ing situationa. In induat1"7 1 •DY 

occupations of the selli-skUled and aldlled sort such u tend.i.Dg 

•chines, car1"7ing out aechanical repqirs, handling tools, and 

assembling components, uauallJ require directed aen&oi'J-motor 

activities that are well controlled and fiDe or moderatelJ fine, 

in acoptt. Others, like the dri Y1ng of vehicles and. winchee, ~ 

require, in actdition to muscular co-ordination, prompt and preciae 

reaction to certain atiauli. 

In air•pilot research, there are the probleu of 14entit)-ing 

and aeaeuring the akilla neceseary to control one kind of V!£1 

complex machine. Industrial research ia faced with the probleaa 

of developing teats that will predict abilities to control meny 

kinde of physical thinaa, which, although generall7 much simpler 

than aircraft, often involve patterns of manipulation that are 

highly specific to themselves. 

While it ia undoubtedl)' true that specific ,. job" testa 

pro•14e the aoat adequate means of meaaurtng abilities for practi• 

cal jobs, it ia onl1 in coaparativelJ few apecialiat vocations 
that their uae ia eoonoaicall7 juatifiable. For the industrial 

rank-and-file, overall expediency impoaea the need to develop 

instru•nte having more "general-purpose" appl1oat1ona. 

139 



This aection coapriaea three chapters. The tirat ia 

concerned with two Senaory-110tor teste, narael7, Chopaticka and 

Tweezer-Noszle. -in which tine co-ordinated aauipulationa are 

pertor=ed with implementa. The aecond deal• vi th ab Seuoey­

aotor teats that involve 110deratel7 tine anipulatiorw, nuel71 

Tveezer-lfuta, 'l'wee&er-M1rror, Two-band Sticka, SteacU.nesa Stick, 

Tra1 Co-ordination and Ring Throwing. Iapleeenta are emplo7ed 

in the tour former, but not the two latter. In Tweeur-Hirror 

there is also ari element of perceptual-motor conflict. 

The third chapter describes five testa ot which the tirat 

three, aaael7, Tripod-and•weiaht, Object Sort ins and "Thne­

di•naional" Peg-board. are reaU7 h)'bricla invol Ying both aeUOJ'7-

aotor ekill and the abilit7 to perceive three-di .. ~ional to~ 

relationa. For thia reuon it ia preferable to call thtm 

"Aaaeebl.7" teat•. Code-aignal Reaction, •uurea choice-reaction 

to aipala giftn in an eleaentar, coc!e; and Dplaaic Coincident 

Reaction, aiaple but preci .. reaction to a aoviDg ati.utua. 
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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 oflater 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) i~to 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 I 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 To get the most comprehensive data from 
intentional, as this is characteristic of many this test when it is administered individually, 
delicate assembly operations in industrial and ·the observer should make a note at short, 
other work where a wrong or careless move can regular intervals of say a minute or two minutes 
suddenly undo the results of much painstaking of the exact number and distribution of balls 
labour. which the subject has succeeded in locating on 

the plate. 
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 
ori 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 steel 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 
st¢el 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 
bo1rd 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 h~ 
scores only according to the balls which are 
actually on the plate. 

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

Although the subject is told that he is scored 
n terms of those balls actually on the plate at 

the end of the time limit, a great deal of useful 
information is neglected if we consider only this 
final picture. 
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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. 

Tweezer-Nozzle Test. (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. ·· 

As an individual 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 They may insert the needles blunt end or 
the top section by having two parallel saw cuts sharp end first at random, but they ate in-
in the plug part which give it a measure of structed not to rest their hands against each 
lateral spring tension. other or the tweezers on the cup edge and not 

to worry about retrieving any needles which 
It is preferable that the cup and nozzle be may drop on the floor as these are lost points 

made of non-magnetic material. anyway. 

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. 
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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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N.J.P. R. CHOPSTICKS TEST 
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TWEEZER-NOZZLE TEST 
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PLATE 4. 

Tunnel opening 
3 1 X-
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4 
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CO-OROINA TION TRAY. 
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