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It was observed thet ilental delectives, bho vere unahle
to drevr a disiond, rcvealed an essocisted decresre in their

-

verforiance time end increase ir hand pressure,

Clorer study o” the fesilure to execute & dianond sugpesied
the hypothesis thet the chiel dilficulty consisted in the
patient's inability to draw the obtuse argles, i, €. 13 ek
that marticulsr an_uler chenge in the direction of the LOVIN,
hando

Subeequent experinents confiried the close reletionship
Hetween the ability or inebility to drav e ciziond anc thre
draving of en obtuse anple. Various degrees o7 Gifficulty
involved in drawing of different sngles were elso Cemmnstrateds
These exneriments alro indicated thaf petients with =n I, Lo
Lelow 38 could not ¢wav an obtuse angle or & Cismond, vrile
subjects with en I, 3. above 57 cnuld.

The iain exnerisent consisting of a battery of tests was
carried out on two proups of derectives end ~ trird grow
composed o nursing stall. The Iogo's of Toth prows o
defectives varied betwveenrn 38 and 57. The sutjecte in the
first proun could not while those in the second proup counld
draw an obtuse sangle.

The results of the .ain exneriuent shoved & significent
diflerence between the weans of the three groups for Sirple
Reactior Time, kressure and Perloruence Time tests. There
vas also g signifTicant difference Letween the ieans of verbel
end precticel tests of both groups of defectives. In all three
groups nositive correlation was esteblished hetreen the Fressise
snd Ferforuence Tine tests,

On the vnoleg, Crawiﬁgsp as other skilled jerfor.one=e,
were shovm to depend on the ability of the inadividual to
t1aintein ané very diwcetion and prassure, and the correct
timing of these activities. Thesc three fectors would epperx

to be the essentisl comnonents o7 skill s




CHAPTER 1T,

SKITULL.

Everyone would probably agree that driving a car,
pilotiqg an aircraft, swimming, playing a game of football, or
piano playing require some degree of skill. These performances
are mastered by some people after varying degrees of effort end
different periods of training. Other people, although physically
healthy, are unable to attain the necessary level of efficiency
in these skills and the reason for their failure are still
6bscure and often expressed only in very general terms without

a reasonable degree of precision.

Let us have a closer look at these, apparently
diffedent, skilled performsasnces and make an attempt to find

some common denominstor in all of them.

A driver of a car is required to keep or very its
direction and speed according to the road surface, inclination,
bends, and also other traffic, signals, etc. The direction
and speed of a car seem to be related: any considerable change
in direction would require some decrease in speed. The
direction snd speed of a car are indirectly effected by the
pressure of driver's limbs on & steering wheel end accelerator;
this pressure is directly caused by the contraction of appropriate
muscles. There is another important factor which has to be
considered when we analyse the drivineg of a car, namely timing.
The concept of timing seems to be somehow ambiguous and it is
often used to express one phenomenon or 2 variety of phenomena,
By timing is meant exnlicitly the beginning of any muscular
acivity; dimplicitly it may mean the time of the preparatory
set for action or the time interval between the beginning and
the end of one reaction. It may also mean the performance time,
if we are dealing with the time interval for the skilled

performance as a whole or with a distinct part of it. The
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difference between the rezction and performance seems to be
as follows: a reaction occurs when some musculsr activity
is involved such as the meintenance of direction or speed.
Where there is variation in this activity leading to chenge
of direction or speed we may talk of performance., On the
whole.performance consists of at least two or more successive
reactions, The relationship between the beginning of any
activity, and the timing of its various components, may be
close, but it mai also be very loose. A car driver may begin
some action at the wrong moment, but the action itself may
last the correct length of time and the vice versa; the lag-
time between the two successive reactions may be the correct
one, but may also be too long or too short. After this brief
analysis of car driving performance it seems to be possible
to isolate three main factors. i.e. maintaining end meking
necessary variations in direction, speed and timing.
Interplay between these three could determine the degree of
efficiency in car driving nerformsnce.

A pilot of an eircraft has a2 similer task of
keeping and varying direction and speed of the aircraft,
chiefly according to the indication of instruments, he has
also to time perfectly all his actions. Yainteining end
varying the direction and speed of the aircraft is effected
by the pilot exerting pressure on the appropriate levers as
a result of contraction of his muscles.

If we compare these two performances, i.e. driving
a car and piloting an aircraft, we find that there is an
essential similarity between them, because a car driver and
a pilot are concerned with the keeping and changing of
direction and speed of their respective machines, and they
have to time correctly their actions which sre indirectly
effected by the pressure of their limbs on the controls and
directly by the contraction of their muscles. There are,
however, some differences between these two performances,

which seem to be not of primary importance. The direction
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of a car has to be maintained and varied in one horizontel
plane, while the direction of an aircraft has to be maintained
and varied in not only the horizontal but also the vertical
plane; there are also some differences in the range of speed
of both machines. As far as timing is concerned it is probably
the case that the pilot should be more exact then the driver,
moreover, in piloting an aircraft there is definitely a wider
range of stimulation to cope with than in driving a car.

In swimming there is also maintenance and vseriation
of the direction and speed of the body. This is effected by
the coordinated action of the hands and legs of the swimmer
due directly to the contraction of his muscles.

In playing a game of football a player has not only
to maintain or change the direction and speed of his body, but
he has also to control the direction snd the speed of the ball.
Both these actions are effected by the appropriate degree of
contraction of the muscles., The sequence of his actions has
to be well timed. The range of stimulation is very wide and
all his actions have to vary accordingly.

In playing a piano a performer has to maintain and
vary direction and speed and the pressure of his hands on the
keyboard. There is also some action of his leg involved.
Timing in any good musical performance has to be almost perfect.

In all these skills, i.e. swimming, playing a game of
football and piano pleying, where the performance is directly
executed by the muscular activity, there is also a definite
relation between the direction and the speed: any angular
change in the direction, whether of the body or of the limb,
would require a decrease at the same time in speed.

In all these, apparently different, skilled perform-
ances, the presence of the three factors could be clearly
observed, i.e. maintence and variation in direction, speed
and timing. If anyone of these would for some reasons be
deficient, the whole performance is bound to be imperfect.

Each of the three factors presents various degrees of difficulty
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to different individuals in the process of learning some skill.
Even when a high degree of proficiency is already attained by a
sub ject, preoccupation with the execution of one particular item,
let us say direction, would cause the performance as a whole to ‘
lose its 'fluidity' and high degree of perfection. Although we
have been dealing up to now with three distinct elements and

their variations, present in any skilled performance, it is -
possible to trace them further back to one common denominator,
i.e. a muscle, by which all these are executed. Although force,
time, speed, sequence and the degree of the contraction of
muscles vary in each of the just described performances, they

are always present in any one of them. The contracting muscle
may determine performance indirectly as in the driving of a car

or piloting an aircraft, or directly as in playing games, swimming
etc., but it is impossible to imagine any physical skill without
the presence and activity of muscles. We can conclude that e
study of any skill should be followed up and enlarged by the

study of the activity of the muscles involved.

After these preliminary observations we can pass now
to the further analysis of the three essential components of

skill and their dependence upon muécle contractions.

l, Direction.

It seems probable that the maintence of direction ~
is made possible primarily because of the symmetry of the humen
or animal body. When a humean being or animal is moving along
a straight line, no matter with what speed, an alternating
muscular activity of equal extent is taking place in the
symmetrical parts of their bodies. The maintenance of direction

of the moving limb seems to be due to the interaction between

opposite groups of muscles, i.e. agonists and antagonists. Any
change in the direction of the moving body would involve an
increase of muscular activity in one symmetrical part of the body

with the simultaneous decrease of this activity in another part.
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The change of direction of the moving limb seems to be
determined by changes in the interaction between agonists

and antagonists. The degree of the change in direction,
whether of moving body or limb, seems to be directly proportion-
al to the difference between the extent of muscular activities
in the symmetrical parts of the body or the differences between
the activities of agonists and antagonists. Although the
maintenance and change of direction are chiefly effected by the
muécular activity, there are also some other contributory
factors such as vision and sense of equilibrium which play an
important role in the directional adjustments. A blind person
can be taught to maintain or change the direction of his body
or limbs in a more or less imperfect and limited way, but a
person with affected éemicircular canals will almost certainly

fail to do this.

Maintenance and change of direction are not such
easy tasks as they would at first appear, and they can be
temporarily or permanently impaired. The difficulties in linear
adaptation can be readily observed end studied in the motor
behaviour of very young children, defectives, patients suffering
from nervous injuries of diseases, people affected by alcohol,
and also by observing any skilled performance in the process of
its learning. Some of these difficulties are overcome as is
seen in the maturation of growing children, some of them seem
to be permanent as in the case of defectives and people with
nervous injuries, some can be mastered only to certain extent

or for a limited number of skills.

Even by observing a perfectly normal subject when he
is drawing a series of straight lines or obtuse angles in quick
succession, this difficulty of keeping and changing the
direction of the hand is immediately obvious to the observer.
If we compare the two following tasks, i.e., maintenance and

change in direction with regard to the difficulty involved, it
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seems that any change is much more difficult than the maintenance

of direction, &nd also that keeping and changing direction of a
limb is more difficult than the change and maintenance of the
direction of the body as a whole.

The lest mentioned difficulty with regard to the
movements of the limb is probably connected with the curious
phenomenon which can be defined as 'the dominance of flexors'.
Let us explain more fully the above mentioned concept. The
posture of an infant or senile person shows invariably the
marked tendency towards fkexion, the most striking example of
it is *'the grip reflex' of an infant or the bent posture of an
0ld man. In these cases, the motor mechanism seems to be as
follows: a greater number of flexors muscle fibres are active,
whether at rest or during the movement of the body or limb,
than the number of muscle fibres belonging to the extensors.
This apparent tendency to engage, involuntarily, more muscle
fibres in the flexors then in the extensors, whether at rest

or during-movement, could be called 'the dominance of flexors'.

If the execution of the direct movements or anguler
changes of the limb direction are determined by the harmonious
interaction between flexors and extensors, then any permanent
residual force existing in one group of muscles only is bound to
interfere with the correct execution of these movements. This
is particularly true if some preeise movement 1s required, when
only few muscle fibres are engaged.

The dominsnce of flexors seem to be partly overcome
in the course of maturétion in normal children, but the extent
of this achievment varies and, most probably, contributes
decisively to the degree of skill acquired in later life. This
phenomenon seems to be kept in abeyance during the long period
of our active life, but it appears again in senility, due
probably to some physiological changes, and results in a marked
deterioration in physical skill among aged persons. Some

mental defectives never overcome this dominance of flexors and,

"as can be demonstrated experimentally, they are unable to




maintain or change the direction of their limbs correctly.

2. Speed, Force and the Pressure.

Let us now in turn deal with speed snd problems
related to it. The keeping and varying of speed is effected
by the contracting muscle, indirectly as in driving a car or
piloting an aircraft, or directly as in playing games, swimming,
ete. The speed of simnle movements of the body or limbs can
be measured with reference to some fixed points or planes.
Speed seems to be primarily determined by the speed of muscle
contraction, which varies in different individuels, but it is
necessary at this stage to introduce another importent factor,
i.e. force, which is closely related to speed. The amount of
force is determined by the number of muscle fibres involved and
speed of their contraction. In the majority of human or animal
performances both these factors, i.e. number of muscle fibres
and the rate of their contractions are engaged in any increase
in the speed. It seems that these two concepts, i.e. speed
and force, as far as the human or animel motor mechenism is

concerned, remain directly proportional to each other.

Let us now go a step further in the analysis of
muscle activity. When some movement of the body or limb is
executed, there is always shortening of the appropriate muscle
fibres although the tension in them remains the same throughout
the whole movement., This type of activity, where trere is
some shortening of muscle fibres with constant tension in them
is known a2s isotonic contraction. There is, however, another
type of muscular activity where there is no shortening of muscle
fibres as, for example, when some load is applied to one end of

the muscle, or where the maintenance of constant pressure of the

limb on some surface is required as, for instance, the steady
pressure of the foot on an accelerator pedal during car driving.
Such muscular activity is characterized by a considerable increase

of tension within the muscle fibres, although there is no
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shortening in their length. This type of muscular activity

is known as isometric contraction. In connection with this
latter type of muscular activity we can introduce a new concept,
i.,e. pressure. Pressure can be defined as the applicetion of
force to some surface. Its amount is directly determined by

the number of muscle fibres engaged and the dimensions of the
surface to which the pressure is applied. The type of musculer
activity involved in the epplication of pressure may be isometric
contraction when there is no movement, as for exemple, the
pressure of the leg to the car's accelerator, or it may be a
combination of isometric and isotonic contractions where movement
takes place, aé for instence in the simple performance of
drawing a straight line. One the whole, pressure séems to be
closely related to force because in both of them the dominent
factor is the same, i.e. the number of muscle fibres involved.
They both, however, mey differ so far as the type of musculer
activity is concerned: in the former it is predominantly of
the isometfic type, while in the lstter it is of the isotonic
type. There asre also some further differences between them:

the degree of force depends ultimately on the speed of muscle
contraction, while pressure depends on the size of the surface

to which it is applied. it seems, that in any tyve of skilled
performance there is an interaction between speed end performance
and they both ere effected by the'isotonic type of muscle
contraction. In some vnerformances, hbwever, pressure may come
into the nicture as well, and there mey be an alternetive displav
of two distinct types of muscular activity, i.e. isotonic end

isometric.

After this brief description of speed, force, nressure
and their possible relationship and also after en indicetion of
their primary physiologicel determinant, i.e. muscle end its tvo
types of contractions, we m~v safely szy that the decree of
perfectness of any skilled performance would be decisively

influenced by the harmonious interaction of these factors.




Let us now go =2nother step forwerd snd consider
the various degrees of difficulty which these skill-components
obviously present to diffcrent individuels in the orocess of
maestering some simple skilled performance. Analysis of
various skilled performences seems to indicete tret the
maintensnce of constant speed, force or pressure, whatever
their extent may be, is 2 more easy task to an individual
than the performance of the correct variations in them,
however, there is 2 definite relationship between these two.
If we design two experiments: the first one measuring the
subjects's exertion of force and pressure whilst they remain
constant, and the second one exploring the ability of the
subject to vary them, we shall find that there is an inverse
relationship between the amount of force or pressure used in
the first experiment and the ability to vary them in the
second, this means briefly: that the more the subject uses
force or pressure initially the less he is likely to be able
to vary them correctly subsequently. Some further explanations
are necessary at this stage. Young children and elso adults
vhen learning a simple skill usually employ more force and
pressure than necessary; this excess of force or pressure is
gradually reduced, due probably to maturation and practice in
children, and due 16 practice alone in adults. The extent
of this reductien of force or pressure, seems to be predetermined
by some innate factors. Some of these problems, particularly
pressure, have been ealready explored experimentally at the
lower end of intelligence scale, and results show that the
less intelligent subjects exerted more pressure during the
simple drawing performance. This relationship ~robably breaks

down in some cases at the upper end of the intelligence scale.

In summing up, it may be said thaet speed, force and
pressure are effected by the various types of muscle contractions,

they are interrelated, and they are essential components of skill.

Their interaction would determine the degree of
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perfection of the skilled performance. Speed, force and
pressure seem to be primarily determined by some innate factors

and because of that they cen be improved to a certain extent

only by practice.

3, Timing and problems related to it.

Let us now consider a very complex and ambiguous
concept expressed by the term timing. It can be observed and

studied in any action involving muscular activity.

As said before, timing means explicitly, the
initiation of any muscular activity. It is essentially a
mental process, but its execution depends entirely on muscle.
It remains in some relation to the incoming stimuli although
this relationship may vary considerably. In the majority of
the laboratory experiments vhen a definite stimulus is given
by the experimenter to the subject, he reacts, but his timing
is chiefly determined by the experimenter. On the other hand,
when the stimulus is not definite, as for example in changing
the direction of a car when overtaking, increasing the speed
of an aircraft, passing the ball, etc., there is always some
marginal time left to the decision of the car driver, the pilot
or the player, respectively. They may initizte their actions
a fraction of a second sooner or later, this would probably
not affect the performance much as & whole, but-it would
certainly affect the perfection of it. It seems that the time
to initiate any muscular action as a part of skilled performance
is determined by the judgment, anticipation and experience of
an individual. These last three factors are intimately

related, and, most probably, the two former are the effect of the

latter.

In eny motor process where timing is involved there
is always some time lapse between the stimulus or stimuli,
whether extero or entero-ceptive, and the subsequent musculsar

action. In that interval of time, most probably, mental and




motor integration is taking place. This preparatory time
interval seems to be dependent on the complexity of stimulation,
practice and the intelligence level of the subject. If we
exhibit a single stimulus to which the muscular resmonse
required is very simple, then this preparatory time would be
relatively short, but with the increase of complexity of the
stimulation or with an increase in the number of responses
required the vreparatory time would also increase. By
practice this time interval could be considerably reduced,

but the extent of this improvement would ultimately be determined
by the intelligence, which can be considered not only as the

capacity to learn but also as an ability to integrate.

If we use a definite stimulus affecting one sense only
where the required motor response is uniform and simple, then we
are dealing with some particular instence of timing, namely with
the Simple Reaction Time, S.R;T. is probably determined by the
perceptual processes and by the speed of contraction of some
particular muscles, There is no experimental evidence that it
is affected by the age of the subject. As both determinants
of the.S.R.T., i.e. perception and speed of muscle contraction,
are essentially innate factors, this can be only a little improved
by practice. S.R.T. seems to be only partly related to
intelligence as it is measured by the conventionsl verbal tests.
The relationship is most obvious when we deal with low and
middle grade imbeciles, above that level this relstionship
becomes inconsistent and some low grade feeble-minded show
better S.R.T. than s.c. normal individuals., There are good
reasons to believe that at the upper end of the intelligence
scale there are also wide variations between S.R.T. and the

intelligence in certain individueals.

A reaction occurs when some muscular activity is

involved such as the maintenance of direction, speed, force and

pressure. The time interval between the beginning and the end
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of any simple reaction seems to be determined by two factors,
i.e. by practice and by the innate propensity of the muscle.
Theré can be very little doubt that the time of any muscular
action could be improved by practice, but the extent of this
improvement is predetermined by the speed with which the muscle
fibres are contracted. There seems to be wide variations in
the 'reactivity' of different individuals, these differences

are difficult to observe in ordinary everyday life, but they
come immediately to notice when the learning of some skill is
involved. It secems to be possible to put forward an assumption,
although it is difficult to prove it experimentsally, that this
'reactivity' decreases with age, varticularly when a large number
of muscle fibres are involved in some muscular action.

As the performance consists of two, at least, successive
reactions, performsnce time would be the sum of their times plus
the time interval involved in the change of direction, speed,
force or pressure. The performance time would depend similarly
on the reaction time, on.practice and on the innate propensity
of the muscle, but there is also another essential factor vwhich
comes into the picture. The time interval between two subsequent
reactions, in which change of direction, speed, force and pressure
take place; is of utmost importance to the time of the perform-
ance as a whole, Any variation in speed, force and pressure
would require an increase or decrease in the number of muscle
fibres employed, this operation seems to be simple enough, but
the switch to the correct volume is much more difficult. A
subject usually employs too many or too few muscle fibres and
there is always some lapse of time before the required volume
is reached. The whole problem is much more complicated when
any ahgular change is required because speed, force or pressure
have to be considerably reduced at the same time. Let us take
a simple example. When a young child or defective subject was
asked to draw an obtuse angle, he drew one line and then he came
to a very long stop before he was able to turn his pencil, more
or less incorrectly, in the required direction. This long stop

between two subsequent reactions is bound to increase the
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performance time. It can be demonstrated experimentally that
there are wide variations in the drawing performsnce time.among
normal subjects, which are, most probably, decisively determined
by the difference in the time in which change of direction is

effected,

After these considerations of various skilled perform-
ances, their common determinsnts, their relationshipé and the
role of muscle, we may attempt to define skill as an ability to
keep and vary direction, speed, force and pressure, and to ensure
correct timing of these activities. In this broad frame we can
fit in almost any skilled performance and study its components
and their mutual relationships. The level of skilled perform-
ance depends on the complexity of stimulation involved and the

number of responses required.

The most simple skilled performance would be composed
of, at least, two separste reactions where variation in direction,

speed, force or pressure are present.

For the further study of skill we have chosen a very
simple performance, the drawing of various angles and diemonds
by subjects at different levels of intelligence. As has been
already mentioned, all factors in any skill are essentially
innate and can only be improved to a certain extent by practice.
The drawing of various sngles is a simple performence where very
little practice is involved, and, therefore, innate factors come
out more distinctly. These drawings involve 8ll the essential
components of skill as it has been defined above, it is necessary
while drawing to maintain and vary the direction of the moving

pencil, its speed and pressure.

There is also another resson why we have chosen the
drawing verformance as the object of our investigation, i.e.
relative absence of fatigue, which can complicate considerably

the study of any repetitive, prolonged skilled performance.
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CHAPTER TII.

PRINARY OBSERVATION AND TESTS.

Slightly more than fifty years ago Binet observed
that young children and also some mental defectives were unsble
to drsw a diamond. Since that time there have been some more
or less inadequete explenations of this phenomenon, based chiefly
on the perception, i.e. failures in the perceptusl field were

held as responsible for the failures in drawing a diasmond.

There seems to be, however, another possible approach
to this particular problem. Observations of dreswings performed
by mental defectives end slso experiments described in this
work appear to indicate that the failure to draw a diamond cen
be explained in terms of temporary or permanent deficiency of
the human motor mechanism. This arrested motor development

is manifested not only in drawings but also in any type of

skilled performance,

1, Primary observations end basic sssumptions.

It scems to be necessary to deseribe fullyv the first

observation which geve an impulse to the present vork.

Some time ago one of the mentally defective petients
was tested on the Revised Stenford-Binet Intelligence Scele,
Form L. When he was asked to draw e diamond his first attemnt
was unsuccessful and he drew a triengle instead of 2 di=mond.
There was nothing unusu2l 2bout thet, es it hed hepnened many
times before with other vpatients; but bis whole behaviour
during the drawing was somehow peculiar and it sttracted the
attention of the writer. Ther he came to the second attemnt
to draw ¢ diemond, 2nd nerticulerly when he epnroached the
turning point or an obtuse angle within the diemond, his
movements became very slow, pressure of the mencil on neper

visibly increased and finelly he came to 2 complete standstill.
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After some moments he moved his pencil again, not slightly

down and to the right as an obtuse angle would require, but

to his right, drawing an acute angle. Then he lifted up his
pencil and made another straight line from the initial point,
thus drawing a triangle again. When drawing, his face became
covered with beads of perspiration and especially at the
turning point his facial expression showed every sign associated
with acute discomfort. The same thing happened during his

third and final attempt.

On the basis of these observations, the three following

assumptions were formulated:

a) Failure to draw a dismond is determined by the failure to

draw an obtuse angle.

b) TFailure to draw an obtuse angle is due to motor disability,
i.e. to make this particular angular change in the direction

of the moving hand.

¢) Inability to draw a diamond is somehow connected with en
increase in the pressure of the pencil on the drawing
7
paper, and also with the considerable Sé;rease in drawing -

performance time.

The primary assumptions seem to indicate the possibility
of research, particularly an investigation of ability to make
angular changes in the hend direction, pressure exerted by the

hand, drawing performance time and the relationship, if any,

between these.

2. Study of record forms previously completed.

Before designing experiments in order to verify the
first of our three basic assumptions, all available record
forms were checked and in no one case did an attempt to draw
a diamond, no matter in what geometrical form this was recorded,

contain a correctly executed obtuse angle. This seems to con-
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firm the first assumption.

It was also possible to observe on these record
forms that some figures were drawn with considerable pressure
of the pencil on the paper. This observation seems to con-

firm the first part of our third asssumption.

The study of failures to draw a diamond on the
already completed record forms revealed that, instead of drawing
an obtuse angle within a diamond, some patients drew an acute
angle, thus drawing a trisngle, some others drew a right angle
completing thus a rectangle or a square, the others drew same
gebmetrically unidentified figures where instead of angles were
curves or 'rounding up'. Even those patients, whose drawings
were almost correct, often drew a diamond using four separate

pencil strokes.

It seems obvious that various changes in the direction
of the moving hand, required when drawing various angles, present
different degrees of difficulty for individual patients. This
last observation seems to have some connection with the second

of our three basic assumptions.

Preliminary experiments.

In order to explore some aspects of drawing problems

in an experimental way, the two following tests were designed:

a) Drawing of various angles test.

b) Identification test and inquiry into failures to drav &

diamond.

The first test was given to four hundred mentally
defective patients tested subsegquently on the Revised Stanford-

Binet test, whose I.Q's varied from 20 to 80,

The second test was given only to those pstients who

failed to draw a diamond.
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(i) Purpose of experiment.

The direct purpose of these two tests was to
supply us with answers to the definite questions embodied
in the design of the tests. It was also expected that it
would be possible to make some more observations in the course
of testing, which, combined with the analysis of results of

the two above tests, couid indicate whether the line of our

investigation is correct.

The drawing of various angles test was a direct
outcome of the observations made previously. It was intended
to investigate the relationship between the inability to draw

a diamond and an obtuse angle, also the relaive difficulty of

drawing various angles.

The identification test was designed in order to
verify experimentally the cormmonly held belief that a failure
to draw a diamond is determined by some perceptual defect.

It was our aim to find out whether this was really the case,
and, if so, to what extent perception could be held responsible
for failures in the simple drawings. As a supplement to that
experiment, in every case when a patient failed to draw a
diamond in the routine testing, a simple inquiry was decided

upon, which, it was expected, could throw some light on his

perceptual processes.

- It was hoped in the course of subsequent testing to
make some further qualitative observations with regard to
performance time and pressure exerted, while drawing, by those
patients who failed to draw a diamond. Ye were also interested

whether there is any relationship between the failures in

drawing and level of intelligence.
(ii) Description of tests and procedures.

a). Drawing various angles test.

White sheets of paper 4 x 5 inches in size were
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prepared with three drawings on each; an acute angle, a right
angle, and an obtuse angle. Thev were given to all patients
in the subsequent routine testing, asking them to copy on these
sheets the already drawn angles. It was anticipated that some
patients might draw the required angles with two separate move-
ments, thus escaping, what we thought, the chief difficulty in
making the chenge in direction of moving the hand. To avoid
this possibility instructions were given in the following words:
"Draw these angles in one movement, like this'- demonstration,
"Keep your pencil on the paper while drawing, do not 1ift your
pencil up". When the experimenter feels that the patient has
understood fully his instructions then an experiment follows.
When it was completed the name, mental and chronological age

of the patient was recorded on each sheet.

b) Identification test and inquiry.

On a piece of white cardboard, 5 x 13 inches in size,
five figures were drawn in the following order: a rhombus, a
triangle, a trapezium, a dismond and a square. On a separate
piece of the cardboard a diamond was drawn identical with one
printed on the record form of the Revised Stanford-Binet test.
When a routine test has been completed, and when none of the
three attempts to draw a diamond were successful, then a small
piece of cardboard with a diamond dravn on it was presented to
the patient and he was asked to have a good look at it. . fter
five seconds this drawing was removed and another big piece of
cardboard with five figufes drawn on it was shown to the patient,
and he was asked to point out the same one as he saw the moment
before. If he should point to a wrong figure, then we could
legitimately suspect some perceptual defect; if he should point
to the correct one, the perception, however defective it may be
in mentally defective patients, seems to be not the determining
factor of the failure to draw a diamond. In all cases vhen e

patient failed in his three attempts to drsw a diamond, he was
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asked to have a good look et his drawings and at the printed
diamond and to say whether they were alike. His responses

were recorded on the separate sheet of paper.

(iii) Results of the tests and of the inquiry into failures.
If we arrange drawing results with regard to the
correct drawing of an obtuse angle and a diamond, the picture
is as follows: 93 per cent of adult patients who were able to
draw an obtuse engle were also able to draw a diamond. The
remaining 7 per cent were able to draw an obtuse angle, but
they were unable to draw a diamond. It should be mentioned
that this 7 per cent of subjects while drawing en obtuse angle
were very slow on the turning point, it means, they had some

difficulty in chaenging the direction of their hands.

About 6 per cent of subjects who were unable to drav
an obtuse angle, were able to draw a diasmond, 1t should be,

however, mentioned that they drew a diamond by four separate

pencil strokes.

It seems to be quite clear that there is a very high
correlation between an ability to draw an obtuse angle and a
diamond, as it was already guessed and expressed in our first

basic assumption.

This ability to draw a diamond or an obtuse angle is

curiously related to the I.Q's of the patients as measured on

the Rev, Stanford-Binet Test. £11 adult subjects below 38 I.('s
were unable to draw any of those figures, all adult patients with
I.G's above 57 were able to draw them both. It is necessary to
mention that I.Q's of mentally defective children are as a rule
misleading because of their unknown and greatly varied rate and
final range of mental development. Because of this, although
we have collected data of children's drawings as well, we have

not includéd them in the present calculations.

If we arrange our results with regard to the success

of drawing various angles, the picture is as follows: about 50




2V

per cent of tested subjects were able to draw an obtuse angle,
about 69 per cent were able to draw an acute angle, and about

80 per cent were able to draw a right angle.

It seems that the drawing of an obtuse angle presents
the greatest difficulty end the drawing of a right engle the
smallest to the defective subject. An acute angle seems to be

in some intermediaste position between these two.

The result of the identification test can be summarized
as follows: in every case when a patient was able to pass the

test designed for the fourth mentel year, he was also able to

.identify a diamond among other figures. So that perceptual

error as determining factor of failure to draw a diamond above

that level of development seems to be very unlikely.

This is not sltogether surprising because one of the
sub-tests designed for fourth mental year in the Rev. Stanford-
Binet Intelligence Scsle contains an identification of simple

geometrical figures very similar to our identification test.

The absence of perceptual error so far s simple
drawings are concerned appears to be also confirmed by the
results of inquiry. When vpatients, who were unsuccessful in
three attempts to draw a diamond, were ssked whether their
drawings and printed diamond were alike, they never answvered
"yes", The most common renlies to the cuestion: "Are they
alike?" were as follows: "I am not a good scholar; I was not
much at school; I am not good et drawing; I heve not got a
ruler; they are difficult to draw; I cennot see very vell;

I have not got a chance to learn" etc.

These answers show thet patients clearly verceive
the difference between their drswings and the printed diesmond;
they also know that they are unable to draw it, and trey try
somehow to justify their failures. The tendency to justify

one's failures is obviously not the exclusive privilege of so
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called normal individuels.

On the whole, it is nossible to drew the following
three conclusions from the 2bove described nreliminerv

experiments:

(a) There is e high correlstion hetween the ability to draw
a diamond end 2n obtuse 2ngle.

(b) There are various decrees of difficulty involved in tre
drawing of en acute, & right, =nd an obtuse angle.

(¢) Perception, so far as simple drawines sre concerned, seems

to play no significant role.

4, New Observetions.

In the course of routine testing snd conducting our
preliminary experiments, some observations have been mede which
seem to be relevent to the investigation, and ;Efticularlv to

the concept of skill as it was defined in Chepter One.

There appears to be some reletionship between the
ability to draw an obtuse angle or a diamond and the scholastic

attainments of an individual, especially his writing ability.

.The ma jority of patients who cannot draw these figures are

also unable to write, and very few of them can read single,
separate words. On the other hand, the ability to write was
most frequently observed among netients with relstively low
testing scores, but who were eble-to draw an obtuse engle.
This relationship between the ability to write and to drew an
obtuse angle would not appeer to be particulerly difficult to

explain, even at this early stage of investigation.

The drawing and writing, however simple and undeveloped,
are both undoubtedly skilled performsnces; any essential
irpairment observed in one of them is bound to affect the other.
As some defectives, who cannot draw an obtuse angle; thus show

an unability to execute angular changes in the hend direction,
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it can be expected, that they would also be unable to write,
during which it is necessary constently to vary the hend
direction and its oressure. Some of them, however, can print
very simple words using separate pencil strokes, employing
chiefly straight or curved lines, occasionally changing the
direction of the hand in this way as the drawing of a right

angle would require,

Another observation, which was made during the
routine testing, is very difficult to explain. It has been
observed thet some patients, irrespective of whether they were
able or not to draw a diemond, showed a marked tendency to
decrease in size each of their three subsequent. attempts to
draw a diamond, As the performance is very simple snd short
in duration, we can hardly suspectjthat decresse in the size
of drawings, determined directly by the decréase in movement,
could be due to the onset of fatigue, during which an individuel

shows an involuntary tendency towards the reduction of his

muscular efforts.

The gradual decrease in the size of drawings could
probably be explained by the rate of the acquisition of drewing
skill. At the beginning of learning of any skilled performance
an individual usually executes many unnecessary movements also
his essential movements are 'too-large', As the learning
progresses there is an elimination of unnecessary also a
reduction of essential movements to the required level. The
rate of acquisition of any skill depends, of course, on many
factors, but the most important of them seems to be the
complexity of the required patterns. If skill is relstively
simple, the formation of motor patterns is easy and the rate
of skill acquisition is very rapid. In their first attempt
to draw a diamona patients somehow formed motor patterns, it
does not matter whether they were correct or not, and, in the

subsequent drawings they rapidly reduced their movements, not
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only to the required level, but far below it. There could
be, of course, some other exnlanations, more convincing than
the above, of this phenomenon which manifests itself so

frequently in the drawings of mental defectives.

It has also been observed that there is frequently
a striking similarity, as far as the shape ié concerned, between
the three subsequent attempts to draw a diamond, it doés not
matter whether those drawings are correct or not. Although
the reduction in the size of drawings is frequently observed,
their shape tends to be well preserved. The last observation
seems to confirm the generally held belief that mental defectives
can modify their responses, motor or otherwise, only to a certain
degree. It should be added, however, that they can and do
modify some set of patterns as s whole, but they seem to have
a considerable difficulty in executing any variation -between

particular patterns within this set.

And lastly, there seems to be some further qualitative
confirmation of our previous assumption, that in the drawings of
mental defectives, whether it be engles or diamonds, there is a
marked increase in the pressure of the pencil on the drewing

paper and also some dgcrease in drewing performance time., (7

The results of the preliminary experiments also the
above described observations indicate that the present line of

investigation of skill seems to be quite promising.

The next logical step in our work appears to be the
analysis of drawing feilures which may throw some light on the
mbtor mechanism involved, the quantitative measurements of the
hand pressure and drawing performance time and finally investi-
gation of the relationship between various elements of drawing
skill. It should be possible to relate the ebility or

inability in drawings to the intelligence level as it 1is measured

by verbal or practical tests.
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CHAPTER III.

ANALYSIS OF DRAWING FAILURES.

Although it was possible to draw scme conclusions
from the results of the preliminary experiments, the vital
question remains, namely: why young children and some mental
defectives cannot change the direction of their moving hend
as is required when the drawing of certain angles or simple

geometrical figures is in progress.

In order to deal with this particular problem the

analysis of drawing feilures was attempted.

l., Selection of drawing failures.

It seemed to be unnecessary to extend our analysis
to all the drawings obtained from the preliminary experiments,
i.e. performed by mentally defective patients within the

range of 20 and 80 I.Q.'s on the Revised Stanford-Binet test.

As all patients with I.Q's above 57 were able to
draw obtuse, acute and right angles and also a diamond, there

was no need to consider their drawings because of the absence

of drawing failures in that group.

A11 patients with I.Q's below 38 were unable to draw
an obtuse angle; some of them could draw a right angle, and
only very few an acute angle. Because of so many drawing
failures present in‘that group, some of them probably determined
not so much by motor disability as hy an inability to grasp and

remember instructions given, the results of that group were also

excluded from further considerations.

Our investigation of drawing failures shall, therefore,
be confined to the group of adult mental defective patients

whose I1.Q's are between 38 and 57, where the results of drawings
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seem to be unpredictable beforehand.

A selection of drawings given in Figures 1, 2, and
3 shows the most common drawing responses to the various
presented angles and can be considered as representative samples

of that particular group.

3. Unsuccessful drawing responses to the acute_angle.

The variety of unsuccessful drawings performed by
the patients when an acute angle was presented to them is

illustrated in Figure 1.

It seems to be possible to divide all these drawings

into the following groups:

(1) 'Rounded up' drawings.

In drawings 1 and 2 both lines which constitute arms
of an acute angle are curved; in drawings 3, 4, 9 and 10, only

one line is visibly rounded.

(ii) An attempt to draw a right angle.
Drawings 5 and 6 are typical examples where patients
attempted at first to draw a right angle and they added one
more line in order to keep their drawings in some shape roughly

resembling an acute angle.

Drawings 7 and 8, because of their unconventional

position, seem to be more like a right than an acute angle

(iii) Disconnected or crossed lines.

In drawings 9, 10, 11 and 12 an acute angle was
drawn by two separate pencil strokes in spite of instruction:
"Keep your pencil on the paper while drawing, do not lift your

pencil up"

In the drawing 9 end 10 lines are disconnected, in

11 and 12 they are crossed.

(iv) Unclassified drawings.

Drawings 13, 14 and 15, although relatively rare,
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cen illustrate the difficulty not only of drawing an acute
angle, but also the difficutly of drawing the arms of the ahgle

as straight lines.

3., Unsuccessful drawing responses to the right angle.

Unsuccessful drawings as a response to a right angle
are presented in Figure 2. Very similar grouping of drawings,
although not identical with the previously described, was

attempted here.

(i) 'Round ing up'
The drawing 1, 2, 3 and 4 can be taken as an illustra-

tion of the rounding up tendency.

(ii) Drawing of an acute angle.

Drawings 4, 5, 6 and 7 seem to be somehow unusual
because they appear to show that these patients preferred
to draw an acute angle which is more difficult, instead
of a right angle which is more easy to perform, and
which was actually presented to them. One glance,
however, at their previous drawings can dispel this
apparent fallacy. All these four patients were success-
ful in drawing previously an acute angle. When a right
angle was presented to them they just repeated their last
drawing, i.e. an acute angle. There is a striking
similarity between the original and the subsequent drawing.
The perseverance of lastly formed patterns is very common
in mental defectives and it can be observed in various
tests. It may mean not only an inaebility to form a new,
more difficult, motor patterns, but it may also mean an

inability to vary them, even from difficult to the easy

ones.

(1ii) Disconnected and crossed lines.
Drawings 9, 10, 11 and 12 show again very similar

trends to those in the previous table; that is the
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drawing an an angle by using the two disconnected lines.

(iv) Unclassified drawings.

Drawings 13, 14 and 15 are rather uncommon, particu-
larly 14 and 15, where the drawings are reversed. This
tendency to reverse drawings or even letters occurs quite
often in some hemiplegic patients, but it may, however,
infrequently occur in non hemiplegic and in very young
children.

Although the causes detérmiiing this particular pheno-
menon are not clear, it seems to be determined by the
temporary or permanent injury to the pyramidal system
somewhere in the internal capsule, cerebral peduncle pons

or upper part of the medilla oblongata.

4, Unsuccessful drawing responses to the obtuse angle.

The unsuccessful drawing responses to an obtuse angle
are illustrated in Figure 3. The drawing of that particular
angle presents the greatest difficulty to patients, and probably
because of that, there is the largest variety of responses

obtained.

(i) 'Rounding up'
The drawings 1, 2, 3 and 4 although somehow different

as far as their shapes are concerned, nevertheless, show

clearly this particular 'rounding up’'.

(ii) Drawing of *ight and acute angles.

Although the drawings 5 and 6 primarily are unsuccess-
ful attempts to draw a right angle instead of an obtuse
angle, they also show some degree of 'rounding up!

The drawings 7 and 8 are much more successful attempts
to draw a right angle, although their position differs
somehow from a customary way of drawing of a right angle.

The drawings 9 and 10 are successful attempts to draw
an acute angle when an obtuse angle has been presented.

to the patients.
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On the whole all these drawings, from 5 to 10, show
that when patients are faced with drawing which is too
difficult for them to perform, they tend to make a
drawing involving less difficulty and which. roughly

resembles the presented drawing.

Disconnected and crossed lines.

Drawings 11, 12, 13 and 14 are illustrating that those
patients perceived correctly the presented figure and
they followed its shape in their drawings. Because of
their inability to perform that particular angular move-
ment as it was requiréd, when an obtuse angle is drawn
according to instructions given, they tried to go around
that difficulty by meking drawings in two separate pencil

strokes.

Drawings illustrating difficulty to draw an obtuse angle

Drawing 15. That patient drew a straight line instead

of an obtuse angle. He did not attempt to change dir-

ection of his pencil.

Drawing 16. Here is a definite, however unsuccessful,
attempt to change direction of moving pencil. Because
this bid failed, the patient continued to draw almost

a straight line further down.

Drawings 17 and 18. These two patients tried to solve
the problem of drawing of an obtuse angle in an almost
identical way. They both attempted unsuccessfully to
change direction of their pencils, and they both drew

subsequently right engles.

Drawing 19. Here is an attempt to change direction
resulted in drawing of a right angle. Thet patient,

however, realized that he moved his pencil to the opposite

direction, he probably also realized that the angle drawn
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by him was different from the required one, and he
continued to draw a line down without any further

attempt to change the direction of his pencil.

Drawing 20.  The patient drew a straight line at first,
then he stopped for a while, and then moved to the
opposite direction, stopped again and finally drew an
acute angle. His drawing cdntains two angles; the first
one is an obtuse angle drawn to the left instead of to

the right, and then an acute angle.

5, Discussion of drawing failures.

On the basis of the foregoing description of drawing

failures some generalization can be attempted.

In all three groups of drawings, illustrated in
Figures 1, 2 and 3, which are unsuccessful attempts of mentslly
defective patients to draw acute, right and obtuse angles, same
common trends can be isolated such as 'rounding up' tendency,
drawing of some simpler figure when that presented was too
difficult and the frequent use of the two separate pencil

strokes instead of turning the peneil in the required directionm.

A1l these trends can be grouped under one heading of
regressive behaviour and partly explained by the concept of

various levels of motor development.
(a) Levels of an early motor development.

According to the requirements of the Rev. Stanfordé
Binet test, a circle should be performed by an average three
year 0ld child, the drawing of a square by a five year old,

and the drawing of a diamond by a child of seven.

The observations of psychometricians derived from
testing results seem to confirm that the progressive ability

of a child follows closely test requirements.
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It seems to be vnossible to mention here our own
experiments and observations which suggest that an ability
to draw a triangle is developed in the average child when he
is about six years o0ld; in the case of defectives, this
ability is developed when they are close f6 the sixth mental
year. The drawing ability, whether in a normal child or

mentally defective, is undoubtedly determined by his motor

development.

If we put forward the concept that there exist
various levels of motor development as they are manifested by
the progressive ability to draw at first a circle, then a
square and finally a diamond, then drawing failures could be
explained as due to the arrested or imcpmplete motor development

at some particular level.

The rate of motor development between the two
subsequent levels is approximately two years in the case of a
normal child; this means that it will take two years for a
child of three who can draw a circle before he would be able to
form the new motor patterns necessary for the drawing of a square.
It seems to be impossible to venture any generalization with
regard to the rate of motor development of mental defectives,
as it may greatly vary in individual cases, but it could safely

be said that their motor development i8 much slower than that of

normal children.

In the attempt to explain drawing failures it is
suggested that they are due to the arrested or incomplete devel-
opment on some particular level. It seems that the expression
of 'incomplete' needs some elucidation. If a patient drew an
acute angle in response to the presented obtuse angle, we may
say that his motor development was arrested on the level of an
acute angle, i.e. somewhere about his sixth mental year. It
may, however, happen and it d4id happen many times that some
patients, who were able to draw acute and right angles

previously, when presented with an obtuse angle made drawings
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with curved lines; in such cases we may say that their motor
development, although not quite arrested, was nevertheless

somehow incomplete on the level of right and acute angles.

It may be held against us that in our enalysis of
failures we were concentrating chiefly on the drawings of
vafious angles and not on the drawing of geometrical figures
such as a circle, a square and a diamond as used in the
Revised Stanford-Binet test, and, therefore, our subsequent
conclusions could only be applicable to the drawing of angles.
This is, hpwever, not the case, It was proved experimentelly,
that the abilities to draw a diamond and an obtuse angle, if
not identical, are highly correlated. There is also abundant
evidence suggesting that the same is true with regard to any
simple figure, i.e. an ability to draw a right angle is
correlated with en ability to draw a square, an acute angle
with a triangle and a curved line with a circle. We are
Justified in expressing these relations in the following
generalization: The ability to draw a simple geometrical
figure is determined by the ability to draw an essential element

of it; and our conclusions are valid not only to angles but to

figures as well.

There seems to be no difference, as far as motor
mechanism is concerned, between the drawing of a square and a
right angle, and there is no experimental evidence suggesting
the defect in perception at that level of development. The
results of preliminary experiment in drawing of various angles,
carried on the group of 400 mental defectives, show that 80 per
cent of them can draw a right angle, 69 per cent can draw an
acute angle and only 50 per cent can draw an obtuse angle.
The same proportion of successful drawing was maintained in the

group of defectives with I.Q's between 39 and 57.

It may be concluded that 20 per cent of patients

taking part in the experiment have been arrested in their motor
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development at the level of a square or a right angle, 31 per
cent at the level of a triangle, and 50 per cent at the level

of a diamond.
(b) Regressive Behaviour.

By regression is meant an inability to form the
appropriate patterns and the use of easier, previously establish-

ed, patterns.

If a child is presented with a drawing which is too
difficult for him, it means that it is beyond his present motor
development, most likely he would try to draw it by employing
the motor patterns already established, in other words he would
exhibit regressive behaviour, This happened exactly with
mental defective patients, whose whole development, motor
includ;pgj had been arrested at a certain'level. The 'rounding
up' tendency and the'drawing of a simpler figure when the pre-
sented is too difficult to perform seems to point directly to
the employment of patterns which have been already established
at the lower level of development. Drawing a figure by the
use of two separate pencil strokes, whether those lines would
be disjoined or crossed, seems to be some variations of,

essentially the same, regressive behaviour.

There is, however, another problem which should be
considered at this stage, i.e. the range of regression. A
patient, th is able to draw right and acute angles, when pre-
sented with an obtuse angle which is beyond his motor develop-
ment, may draw an acute or right angle; he may also draw some
unidentified geometrical drawing where curved lines or 'rounding
up' are predominantly employed. In short, his range of
regression may vary. In the case of a patient drawing an
acute angle in response to an obtuse angle, he seems to regress
only one step back to the nearest level of motor development;
when he draws a right angle he would regress two steps back,

and when he is drawing some figure with curved lines, his




36

regression seems to be three steps back on the scale of motor
development., The range of regression may be influenced in

some cases by the drawing immediately preceding the task which
presenté some difficulty, but on the whole, it seems to be
chiefly determined by the degree of perfection of previously
established patterns. If faced with too difficult a task

the patient tends to regress and to use the patternswhich have
been most perfectly already established. He may ' jump over'

the intermediate levels at which motor patterns, although present,
are only poorly developed. The study of drawings performed by

mental defectives seems to justify the above given explanations.

It seems possible to venture the following general
statement, that the range of regression of an individual is
probably the best index of his incomplete development, whether

it would be motor or any other, at same pafticular level,

(¢) Drawing Movements.

We have attempted up to now to explain the inability
to draw some angles which occurs in mental defectives and young
children by postulating the concept of inadequate motor develop-

ment and its various levels.

Although it is possible to explain drawing failures
to a certain extent by the acceptance of this concept, it adds,
nevertheless, very little to the understanding of the motor

mechanism involved in the performance of angular changes in the

hand direction.

It seems to be possible to throw some light on this
mechanism by discussing in detail hand movements which are

executed while the drawing of sdme simple geometrical figures

or angles is in progress,

It should be, however, mentioned here that this
discussion, aithough based on observations and evidence obtained

from drawing experiments, is bound to be chiefly speculative,
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as the exact data with regard to muscular activity involved in
drawing are complex and cannot yet be ascertained even bv the

use of electro-myographic devices.

Let us begin our discussion with the analysis of a
circle or a curved line which is an essential element of it.
These can be performed by a normal child of three years of age.
The group of muscles involved in the execution of a circle or
a curved line seem to be predominantly of flexor type. As
flexors are the dominant group of muscle in childhood, any
movement executed by them is made possible even at that early
stage of motor development. The dominance of flexors not only
facilitate the formation of these particular motor patterns but
it may be also held as responsible for their persistence which
may hamper the next stage of motor development. It was observed
many times during the drawing experiments, that some mental
defectives, when presented with an obtuse angle 'jump over'
incompletely developed motor patterns at the level of right and
acute angle and regressed to the firmly established patterns |

at the level of a circle.

A drawing of a square or a right apgle can be performed
by a normal child of five years of age. The vertical line
which constitutes the first arm of a right angle is executed by
the employment of flexors, particularly by flexion of a thumb,
an index and a middle finger. The horizontal line which
constitutes another arm of a right angle seems to be executed
by the extension of fore-arm muscles, while muscles of the wrist

are firmly fixed acting as synergetists.

A8 it was said tefore, any angular change in direction
of the hand is determined by the interaction between flexors and
extensors. A change in direction as is required when e right
angle is drawn, is relatively easy, because of the difference
in the extent of muscle group involved. The extensors of
the fore—arm are a much more powerful group than the flexors of

the three fingers, and because of that, the dominance of flexors
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is neutralized and could not affect significantly the angular
change in direction of the moving hand. The difficulty involved
in the drawing of a right angle is relatively small as 80 per
cent of patients with I.Q's between 38 - 57 were successful in
this particular drawing. Failure to draw that angle seems to

be due to the inability to inhibit instantly the flexion of the
thumb, index and middle finger when the vertical line is completed;
if this activity of flexors overlap the subsequent action of the
fore-arm extensors, we shall get a drawing with a curve in place
of a right angle. Any attempt to counteract this prélonged
flexion by the increase of extension will result in drawing of

a wavy line which constitutes the secnnd, horizontal arm of a

right angle.

The ability to draw an acute angle or a triangle
appears to be developed in a normal child when he is somewhere
between his fifth and seventh years. The ability is manifested
in mental defectives when they are between their fifth and

seventh mental years,

The first line down which constitutes the first arm
of an acute angle is executed by flexion of a thumb, index and
middle finger. There is also some flexion, however very small,
of the wrist. The second line upwards, which constitutes the
other arm of an acute angle, seems to be executed by the
extension of all muscles engaged previously in the flexion.
This picture seems to be true when an acute angle is drawn
correctly, but in the case of defectives and young children
before they reach that particular level of motor development,
there are some modifications of drawing performance., The
action of flexors which should cease when the first arm 1is
completed, is still in operation, however decreased, when the
extensors play their part. This action is somehow extended in
time, overlapping the action of extensors, As the final
result of the dominance of flexors we can observe drawings with
their arms distinctly 'rounded up' or curved due to this

additional and unnecessary force exerted by the flexors., It




79

Wwe observe: carefully an unsuccessful attempt to draw an acute
angle and particularly its second arm, we can see quite cleariy
how the dbminance of flexors manifests itself at the two points
of the drawing. The first one is 'rounding up' the angle
itself, due to inability to inhibit the action of flexors when
the first arm was completed, the second one is the curving of
the upper end of the second arm, due probably to inability to

inhibit for a sufficient length of time the flexor activity.

The middle part of the second arm is relatively

straight, due probably to temporary inhibition of flexors by

.the central nervous system, to mechanical counteraction of

extensors, which is, however, inadequate to control movement

at every point during drawing performénce.

The drawing of en obtuse angle seems to offer a
considerable difficulty for defectives and young children and
it is also the most difficult to analyse. The vertical line,

constituting the first arm of an obtuse angle is executed in

the usual manner, i.e. by the flexion of a thumb, index and middle

finger. The second line down and slightly to the right, seems
to be executed by the further increased flexion of a thumb, the
diminished flexion of an index and the middle finger and by the
extension of wrist and also probably by some extension of fore-

arm muscles.

Let us consider some of the drawings_illustrated by
Figure 3. When a patient is unable at the turning point to
decrease sufficiently flexion of an index and middle finger,
and to increase at the same time flexion of a thumb, wrist and
the fore-arm extensors, then he is drawing & line curved

gradually as illustrated by the drawing three, Figure 3.

When flexion of thumb, wrist and fore-arm extensors
is sufficient at the turning point, but the flexion of an index
and the middle finger decreased too much, then a patient is

drawing almost correctly a right angle (drawing 5, Figure 3).
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When flexion of the thumb, wrist and fore-arm
extensors is correct at the turning point, but if the flexion
of an index and the middle finger decreases to zero, then a

patient is drawing an acute angle. (Drawings 9 and 10, Figure 3.)

The three above given examples show that the motor
patterns required when drawing an obtuse angle, have been
distorted by the insufficient or complete lack of muscular
action of the index and middle fingers at the turning point.
When a patient inhibits at the turning point. flexion of an
index and middle fingers, and flexion of a thumb to a certain
extent, employing at the same time flexion of the wrist and
fore-arm muscles, then he will turnlhis pencil to the left
instead of to the right, drawing thus a right angle in the

wrong direction (Drawing 16, Figure 3).

When flexion of a thumb is inhibited, but flexion of
an index and middle fingers are in operation with flexion of the
wrist and the fore-arm muscles at the same time, then we shall

obtain the figure illustrated by drawing 20, Figure 3.

It is possible to say that the formation of motor
patterns required when dreawing an obtuse angle become very
complex, especially at the turning point; there is a consider-
able modification of the operating patterns, 1i.e. the decrease
in one part of them and an increase at the same time in another
part. There is also fomation of new patterns and integration
of all distinct patterns into one single whole. It seems to
be true to say that failures to draw an obtuse angle are due to
the inability of an individual to form and 6perate these complex
motor patterns. Only 50 per cent of mental defective patients

were able to draw an obtuse angle correctly.

(d) Drawing failures and skill.

Let us now consider how drawing failures are related

to skill as it is defined in the first chapter of this work.
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As we did not attempt to measure the pressure exerted during
the drawings and their performance times, we can discuss at
present only one particular aspect of skill, i.e. the

maintenance and change of direction of the moving hand.

The drawings given in Figures 1, 2 and 3 illustrate
that some of the mental defectives, whose I.Q's are between
38 - 57, are unable to change direction of the hand as required
when drawing an acute, right and obtuse angle. These drawings
also show that the most common level of regression, it does not
matter which particular angle is attempted, is to the level of

curved lines.

There is another striking feature of these drawings:
in the majority of cases when the pencil has not bteen lifted up

while drawing, lines constituting arms of an angle are curved.

The preference to employ curved lines by patients and
their ability to draw straight lines seems to be closely related
to the previously referred concept, i.e. dominance of flexors.
The drawing of a circle or a curved line which is an integral
part of it, is made possible because these movements are .
determined chiefly by the action of flexors; the drawing of
a straight line seems to be due to the harmonious interaction
between flexors and extensors. As many mental defectives are
permanently arrested at the earlier level of motor development
where flexors are dominant, they can execute quite well movements
effected by them, but they have difficulty in angular changes of
direction or the drewing of a straight line, as these are
determined by the interaction between flexors and extensors,

which is in turn impaired because of the dominance of flexors

over extensors,

It should be mentioned, however, that there seems

to be a considerable difference between the drawing of separate
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straight line and the drawing of a strasight line immediately
following the change in direction of the moving hand. In the
majority of cases where a patient drew an angle in the two
separete pencil strokes, lines drawn that way are relatively
straight, they tend to be curved if they proceed or follow
immediately the change of direction. It seems that the
dominence of flexors is more difficult to control when a
movement is complicated by the angular change in direction as
in the drawing of an acute angle or a right angle without lifting
up the pencil. In such cases flexors cannot be inhibited
sufficiently before the change in direction is taking place or
immediately after the turn of the pencil. Their action seems

to be somehow extended in time.

The development of motor patterns responsible for
angular changes inthe hand direction seems to be relatively
easy if this change is effected by the interaction between weak

group of flexors and powerful group of extensors.

It is more difficult if the angular change, however
simple, is due to the interaction between flexors and extensors
which are of almost the same volume, The difficulty seems to
increase further, if the operating motor patterns have to be
modified in the course of movement and new patterns have to be
added and integrated into one whole with the already existing
modified patterns, as is necessary when an obtuse angle is drawn.
Ability to modify motor patterns in the course of their operation
and to introduce new patterns seems to be basic and absolutely

necessary for the development of any skill.

Although in the course of this work we have been
fully aware that for the formation of any motor pattern, skill
included; is chiefly respbnsible the cortex and particularly
its precentral part, nevertheless, we feel justified in studying
and comparing those métor patterns as they are manifested in

simple movements, and particularly in angular changes of the

hand direction.
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CTAPTER IV,

SIMPIE REACTION TIME EXPERINENT,

The introduction of the Simple Reaction Time test
was considered as the necessary, selecting step precedding the

main experiment.

l. Reasons for instruction of S.R.T. test.

The results of the preliminary drawing test showed
that all adult patients with I.Q's below 38 were unable to drsw
an obtuse angle and all patients with I.Q's @bove 57 were able
to do this. The next logical step, therefore, was to confine
our investigation to those mental defectives whose 1.(C.'s lay
between 38 and 57. According to their drawing results those
patients can be divided into two distinct groups: the first
one containing subjects who were unable to draw an obtuse angle
and the second one made up of subjects who were able to do this.
As we have already enalysed the drawing failures occuring in
the first grouv, the next question was, whether we should proceed
with an investigation of the pressure exerted by the hend and
the drawing performance time in these two distinct groups, or
whether some further, selective experiment should be carried

out before commencing the main experiment.

It was decided, after some reflection, to introduce
at that stege the Simple Reaction Time or in short S.R.T. The
reason for the application of this test to our experimental
group, i.e. to the patients with I.Q.'s between 38 end 57, are
as follows: there is a common belief that the reaction of
epileptics, post-encephalitics and other petients, deteriorated
for any reason, are much slower than the reactions of other,
unaffected defectives; the same seems to be true of patients
with some specific physical disability like athetosis, hemiplegis,

etec.
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If these beliefs could be exverimentally substantiated
then our present experimental group has to be selected again in
order to eliminate 2ll those patients from further experimentis
whose delayed reactions are due to some specific causes. As
our next main experiment was designed to measure hand pressure,
performance time and the relationship between these items, it
was thought absolutely necessary to eliminate from further
investigation all those patients with delayed reactions due to
some specific causes as they might be subsequently handicapped
in the performance time experiment. Although it is open to
discussion and experiment whether, and by how much the S.R.T.
of an individuel is related to his performance time. It seems
reasonable to expect some relationship between these tvo items
in menfal defectives, especially when performence is simple and

the level of skill developed is very low,

2, Purpose of the S,R.T, experiment,

The chief purpose of this experiment was to measure
the S.R.T. of all adult patients who took a part in the previous
preliminary experiments and whose I.Q.'s lay between 38 and 57.
As we had already divided all these patients, according to their
drawing ability, into two distinct groups: the first group
composed of thoese who were unable to draw an obtuse angle, and
the second one made up of patients who were able to do this;
we expeéted to compare both these groups according to their
S.R.T. results and to see whether they differed significantly.
In both these groups were epileptics, post-encephalitics,
hemiplegics, patients suffering from athetosis or pstients
deteriorated because of some unspecified reasons. If the S.R.T.
of these patients, belonging to various clinical groups, should
be slower than the mean of that group to which they telonged
according to their drawing ability, then we would eliminate them
from our two experimental groups and from further investigations.
It was also decided to carry on the same experiment, under

identical conditions, on the third group of seventy subjects,
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composed of nursing staff; in order to make compsarative

evaluation of the results obtained.

3, Instruments and procedure.

To measure visual reaction times the chronotron 25B
was used. This instrument gave a direct reading of time inter-
vals in milliseconds. The chronotron, the source of light end
two Morse Keys were connected in circuit. Then the experimenter
pressed his key he set the chronotron and the source of light
in action. When a patient pressed his key the circuit was
broken and it was possible to read the S.R.T. from the dial on
the chronotron. The pilot experiment was carried out to make
the necessary adjustments and it was found that the experimenter's
key had to be replaced by a noiseless one as some subjects
reacted ‘to the sound of the closing key rather then to the light.
A hand rest for the subject was provided. The experiment was
conducted in a semi-dark room. A black screen was put between
the chronotron and the source of light which was placed 12 inches
above the table at which the subject sat. The usual distance
between the lamp and the eyes of the subject was 36 inches, but
some subjects asked to have light nearer -and then the lamp was
moved according to their wishes, When the subject was seated
comfortably at the teble with his hend on the hend-rest and his
index finger on the button of the Morse Key, he was told: "When
this light is on, press your button immediately; try to be as
quick as you can". After a demonstration he was given at least
se&en trial runs and then twenty readings were tsken from which
the average S.R.T. was calculsted. In 8 few cases it was necess-

ary to give more than seven trial runs.

4, Arrangement of groups and results.

The simple Reaction Time experiment vwas carried out on
239 adult subjects, 169 of these were mental defectives, whose

I.Q.'s varied between 38 and 57 and who were selected by the
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writer according to their résults obtaire d in the drawing

experiment, the remaining 70 subjects belonged to the nursing
staff, The group of defeétives was composed of 93 males and
76 females; 1in the group made up of nursing staff there were
35 males and 35 females, they were selected by the Chief llzle

Nurse and the Matron respectively.

The results of the S.R.T. experiment obtained with

the defective patients were arranged into the following grouwvs:
(a) Hemiplegic patients:- 3 female subjects.

(b) Deteriorated patients:- 6 subjects,
4 male and 2 females,
(c) Post-encephalitic patients:- 5 subjects,
3 males and 2 females.
(d) Epileptic patients:- 35 subjects,
25 males and 10 females.
(e) Clinicelly unidentified patients (Exclusive of the above groups)

120 subjects;- 60 males and 60 females.

The results of the S.R.T. obtaired with each of these
five groups are arranged below into two columns: +the first
column contains subjects who were able to draw 2n obtuse
angle and the second subjects who were unseble to do this. To-
gether with the resvlts of S.R.T. in the group of epileptics
there are given two other items: drugs and epileptic fits;
the presence or ebsence of each or both of these fectors seems
to be related to the result of the S.R.T. of each individual

sub ject.

(f) Nursing Staff:-

This group is composed of 70 subjects, 35 of them

are male and 35 are female nurses.
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A/ The results of the S.R.T. of Hemipleszic patients.

S,R.T, is given in milliseconds.

(i) Subjects who cannot (ii) Subjects who can drav
draw an obtuse angle. an obtuse angle.
1 1 1 t ] |
'No of subject * S.R.T. ' 'No of subject ' S.R.T. '
1 1 1 | 1 1
] 1 1 \ A 1
! 1 ' 481 vt 1 ! 176
t 1 t ] 2 1 308 t
1 1 | | 1 t
] 1 t 1 t 1
! Mean ' 481 rot Mean ! 242

The mean for both hemiplegic grouvs: 321.6

B/ The results of the S.R.T. of deteriorated patients.

(i) Subjects who cannot (ii) Subjects who cen drew
draw an obtuse angle. an obtuse angle.

] ] t ] | . !
'No of subject ' S.R.T. ' ' No of subject ' S.R,T. '
1 ] ? ! 1 '
T t ' L t [
! 1 ! 932 r ! 1 ! 1305 !
' 2 ' 1020 vt 2 ' 1100
1 3 1 952 ' t . i 1
1 4 1 594 1 ! 1 1
! ! v Mean ! 1202.5"
\ ] 1

' I‘ean ! 874.5 '

The mean for both deteriorated groups: 1038.5

C/ The results of the S.R.T. of Post-encephalitic patients.

(i) Subjects who cannot (ii) Subjects who can draw
draw an obtuse angle. an obtuse 2ngle,

t \ ? 1 ] ]
'No of subject ' S.R.T. ' ' No of subject ' S.R.T. '
1 1 t t 1 1
] 1 T ' 1 1
' 1 t 375 v 1 o274
! 2 ' 385 vt 2 ! 2¢0 !
| ] 1 A\ 3 t 209 |
1 t t 1 | *
! Mean ' 380 v ' !

! Mean ! 257.6 '

The mean for both nost-encephalitic groups: 313.8
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D/ The results of the S.R.T. of enilentic n~tients.
S.R.T., is given in milliseconds.

(i) Subjects who cennot dr~w sn obtuse sngle.

1
Al

- 2| * @4 + = 2 4 @ 4 = 2 4 =+ 4 2 -2 =] - « -

=

'"No. of subj.' Fits.'Drugs ' S.R.T.
?

553
282
380
362
483
609
932
461
447
- 478
644
358
624
588
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\
t
f
t
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t
1
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1
?
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1
1
1
4
t
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1. - denotes the
abserce of fits
or svpecific drugs
for treatment of
enilepsy in the

(ii) Subjects who can draw an obtuse angle. lest 12 months.

- @] @ = 4 @ - @ @ @ @ 4 4 4 4 = - - - - -

- 2| * * <« @ 4 4 ° @ ° 4 o - 4 - o -
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1 1 A\

'No of subj. ' Fits 'Drugs

]

2., x denotes the
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The mean for both groups: 407 .7
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E/ The results of the S.R.T. of the undifferentisted mentelly

defective grounm.

S.R.T, is given in milliseconds.

(i) Subjects who cannot draw an obtuse angle

(continuation)

1 '

| 1 \] ]

'No of subject ' S.R.T. tNo of subject t+ S.R.T. 1
1 ] t | ]
1 1 | t t ]
' 1 v 407 ! ! 31 ' 387 !
! 2 v 366 ' ' 32 ' 628 '
' 3 ' 952 ! ' 33 ! 642 !
' 4 't 283 ! ' 34 ! 518 !
! 5 't 301 ! ! 35 ! 452 !
' 6 v 399 ! ! 36 ' 316 !
1 l? t 505 1 1 37 ] 682 t
! 8 t 250 ! ! 38 ! 342 '
! 9 't 537 ! ' 39 ! 300 '
! 10 vo271 ! ' 40 ! 546 !
' 11 't 299 ! ! 41 ! 297 '
! 12 v 362 ! ! 42 ! 412 !
! 13 v 372 ! ! 43 ! 273 !
! 14 v 302 ! ! 44 ! 520 !
! 15 ' 474 ! ' 45 ' 567 J
! 16 t291 ! ! 46 ! 486 '
! 17 ' 563 ! ' 47 ! 383 !
' 18 v 342 ! ! 48 ' 392 '
' 19 't 359 ! ' 49 ! 312 \
' 20 ' 394 ! ! 50 ! 323 !
! 21 ' 515 ! ' 51 ! 316 !
! 22 v 327 ! ! 52 ! 517 !
' 23 ' 452 ! ! 53 ! 364 !
' 24 ' 307 ! ! 54 ! 358 '
' 25 ' 491 ! ! 55 ! 666 !
! 26 ' 333 ! ! 56 ! 575 '
! 27 v 347 ! ! 57 ! 459 !
! 28 to711 ! ! 58 ! 512 !
! 29 ' 594 ! ' 59 ! 367 !
' 30 ' 809 ! ! 60 ! 365 !
t ] 1 | 1 1
\ t ?

! Mean ' 429.9 !




(ii) Subjects who can draw an obtuse angle.
S.R.T. is given in milliseconds.

/continuation/
] ]

tNo of subjectr S.R.T.

| t

? !

'No of subject' S,R.T.

1 1

1 t

! t

' t

1 | ] ] ] t
! 1 ' 195 t ' 31 ' 257 '
1 2 1 259 ] 1 52 t 293 1
! 3 t 250 ' ' 33 ' 258 '
' 4 v231 ! ! 34 ' 290 '
' 5 v 232 ! ! 35 ' 225 '
' 6 't 199 ! ! 36 ' 191 !
' 7 t 240 ' ' 37 ' 205 '
' 8 v'203 ! ' 38 ' 274 '
' 9 t 172 ' ' 39 ' 192 '
' 10 ' 238 ' ! 40 ' 354 !
' 11 v 252 ' ! 41 ' 178 !
' 12 v 214 ! ! 42 ' 209 '
] 15 t 194 ! 1 43 | 174 ]
' 14 v272 ! ' 44 ' 266 !
' 15 'o214 ! ! 45 v 235 '
' 16 v276 ! ' 46 ' 286 !
' 17 r279 ! ! 47 ' 210 !
' 18 ' 288 ! ' 48 ' 272 '
' 19 ' 254 ! ' 49 ' 1¢4 !
' 20. ' 226 ! ! 50 ' 165 '
' 21 ' 250 ' ! 51 ' 241 !
' 22 '331 ! ' 52 ' 265 !
' 23 ' 230 ! ! 53 ' 182 !
! 24 ' 311 ! ! 54 't 213 !
' 25 v 307 ! ' 55 ' 213 '
! 26 v 237 ' ! 56 ' 289 !
' 27 ' 304 ! ' 57 ' 278 !
! 28 ' 169 ' ' o8 ' 176 '
! 29 v 309 ! ! 59 ' 295 !
! 30 't 207 ! ! 60 ' 228 !
? t t ] 1 ?
! ' 242,5 !

! Mean ! '

The mean for both undifferentiated grouvs: 336.2
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F/ The results of the S.R.T. of the group of Nursing Staeff.

S.R.T, is given in milliseconds.

(continuation)

' 1

1 t 1 |

'No of subject * S.R.T. tNo of subject + S.R.T.
t ] t ] ] 4
1 1 | ] t |
' 1 ' 147 ' ' 36 ' 188 !
' 2 ' 182 ' ! 37 ! 190 !
! 3 ! 197 ! ! 38 ! 214 ¢
' 4 ! 212 ! \ 39 ! 210 !
! o v 187 ! ' 40 ' 195 ¢
' 6 ! 180 ! ! 41 ! 218 !
' n ' 171 ' ! 42 ! 165 !
' 8 ' 144 ' \ 43 ! 192 !
' 9 ' 184 ' ! 44 ! 215 !
' 10 ' 142 ! ' 45 ! 171 !
' 11 ! 159 ! ! 46 ! 203 '
! 12 vto191 ' 47 ' 154 1t
' 13 ! 169 ! ' 48 ! 183 !
' 14 o1 ! 49 ' 189 '
! 15 v 18 ' 50 ' 176 !
! 16 ' 167 ! ' 51 ! 217 !
! 17 ! 197 ! ' 52 ! 184 !
' 18 ! 180 ! ! 53 ! 190 '
! 19 ! 149 ! ! 54 ! 198 !
! 20 ! 163 ! ' 55 ! 249 '
! 21 ! 165 ' ' 56 ! 200 !
! 22 ! 181 ! ' 57 ! 168 '
' 23 ! 218 ! ! 58 ! 203 !
' 24 ! 254 ! ! 59 ! 224 !
' 25 voo172 ' ! 60 ' 156 !
! 26 ! 184 ! ' 61 ! 183 !
! 27 ! 160 ' ! 62 ' 128 '
' 28 170 ' 63 '181
! 29 ' 167 ' ! 64 ' 181 !
' 30 ! 156 ! ! 65 ! 204 !
' 31 ! 164 ! ' 66 ! 176 !
! 32 ! 182 ! ! 67 ' 149 !
! 33 ' 134 ! ! 68 ! 199 '
! 34 ! 155 ! ! 69 ! 175 !
' 35 ! 232 ! ' 70 ! 165 !
1 ] 1 1 t t
1 ] t

' Mean ! 181.8 !




5. Discussion of the results of the S.R,.T.

The results of the S.R.T. experiment obtained with
various groups of mental defectives and with the group of staff

can be summarized in the following table:

! ! 'Mean of ‘'Mean of ! . !
! 'Nr. of*S.R.T. 'S.R.T. ' Mean of S.R.T.
' Group "sub- ‘'subj.who 'subj.who ' for both !
! ' jects 'cannot  'can draw ' groups. !
! ! *draw ob- 'obtuse ! '
' ' 'tuse ang.'angle. ' '
! 1 \ ’ 1 1 !
'Hemiplegics '3 ' 48l v 242 ! 321 '
A\ ! | t \ A\
1 1 ! 1 1 >
'Deteriorated ' 6 ' 874.5 '1202.5 ! 1038.5 !
'patients ! ! ! ! '
1 ] t t ' 1
'Post-encepha- ' 5 v 380 ' 257.6 ! 313.8 !
'‘litics ! ' ! ' !
t 1 A\ ! t 1
'Epileptics '3 ' 520 ' 295.5 ! 407 !
t 1 t 1 > \
] t 1 t ! 1
'Undifferentia- '120 ' 429.9 ' 242.5 ! 336 !
'ted group ! ! ' ' '
A 1 ! ' 1 1
'Staff 70 - ' 18l.8 - '
! 1 ! A ! \

Although it is not possible to draw fully valid
conclusions from thé results of the first three groups in the
above table as these groups are numerically very small, some

tentative suggestions could be made.,

I

It seems that hemiplegic patients are not significantly
different from the undifferentiated group as far as their S.R.T.
is concerned. The only reason for the exclusion of that group
from further investigation is our feeling that they could be
somehow handicapped in tre subsequent experiment whose performance
time and pressure of the hand are measured. Although only one
hand is actually employed in those experiments, the other seems
to have some, let us say synergetic, faciliteting influence
on the performance as a whole. As one hend of heminlegic
subjects is paralysed, we feel that this disability is bound to

affect the skilled action performed by the other hand.
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There is e very marked difference between the S.R.T.
of deteriorsted subjects 2nd the undifferentieted grouv. Five
of these subjects, according to nursing staff reports, are
gradually deteriorating as far as their general beheviour 1is
concerned; neurological examination, however, did not reveol
any specific cause or causes responsible for their deterioration.
The sixth of those subjects is the case of incipient schizoprrenia.
Because of their very long S.R.T.'s that group has also been

excluded from further experiments.

There seems to be no significant difference betreen
the S.R.T. of post-encenhalitics and the undifferentisted grouv.
Although there is often observed very marked deterioration in
the apperance and general behaviour of nost-encephelitics ss
their age advances, their S.R.T. seems to remain unaffected.

We did measure additiona2lly the S.R.T. of the two aveileble post-
encephalitics with the I.Q's 91 and 99 2nd it was found that
their S.R.T. are within normal limits. This group was 21s0

excluded from the next experiment, not on the bssis of their

" S,R.T. results but beccuse of anticipation that their other

results in the intended exmeriment might be somehow effected,

being, therefore, atypical for the investigated group es @ vhole.

Discussion of the S.R.T. results of the epileptic group
seems to be a very complicsted task because of the prescnce of
many variasbles which, undoubtedly, influence the obteined results.
Some of them could be ascertained to a certein ertent onlv, sore
of them are still defeating on exmerimentzl =poroechr. Bec~use of
so many veriables involved, undoubtedly influencing tre relstion-
ship between epilepsy énd'SoRcTo, and because of the rel~tivelyr
smell number of evilentics investigmted, the result given in the

table below should be considered »s tentative onlv,
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'obtuse angle. !

On the whole the S.R.T. results of the evilevtic
group, both the sub-group consisting of subjects who cen drauv
an obtuse angle and the sub-group made uv of subiects who cennot
do this, are below the results obtained with the two corresnondine
sub-groups of unaifferentieted rental defectives. Although the
group of epileptics, because of the relativelv low results
obtained in S.R.T. experiment, rss to be excluded from furtrer
experiments, we feel, that these results end treir possible

determinants should be discussed more fully at this stage.

Let us consider at first the results of the experiment
as illustrated in the ebove table. The results of enileptics
who can drasw an obtuse sngle and who had no fits end drugs in
the last 12 months f#re slightly better (220.5 milliseconds) than
the results of the corresponding undifferentisted sub-grouvs
(242,5 milliseconds)., This slight discrepancy between the
above given results could be probebly explained by the size of
two groups involved: There are only 5 epileptics in the group
under consideration while 60 subjects in the undifferentizted

group. There is & sharp decline in the results (340.5 m/sec)
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of the S.R.T. of those epileptics who can draw en obtuse 2nele
and who bad not fits in the last twelve months but who sre on
%
specific drugs. This decline in their results could be explainec

as due to the influence of drugs.

The results of the next group of epileptics, i.e. who
are able to draw an obtuse angle, and who heve fits and are on
the specific drugs, are better (297.1 m/sec) than fhe nrevious
group (340.5 m/sec) and are most interesting. The difference
in the results of the S.R.T. between the last two groups of
epileptics can be well interpreted as both groups are of the
same size, approximately on the seme intelligence level #nd
showing the same drewing ability. It seems reasonable to put
forward the following assumption: the specific drugs, used for
the treatment of epilepsy, heve o suppressing effect on the
physiological reactions of an individuel, whilst the epilentic
fits have just the opposite, stimulating effect on these reasctions.
The above assumntion cen be supported by the experimental
evidence obtained not only with the group of epilentics who can
draw an obtuse angle, but 2lso with the group of epileptics who
cennot do this., In both these groups, subjects with fits and on
drugs obtained better results in the S.R.T. experirent (297.11/sec)
and 371 m/sec) than the two respective groups of epileptics who
had no fits but who are on drugs (340.5 m/sec and 524.1 m/sec).
It should also be mentioned that the sociel behaviour of an
epileptic seems to be somehow related to the cycle of his fits:

it is usually much better immediately after than prior to the

seizure,

There is one point in the table of the S.R.T. results
of epileptics which should be discussed here, namely, the results

of the group'of subjects who were unable to draw an obtuse angle

¥ Epanutin, mysoline, luminal, amphetamine, cytemen, pheno-
barbitone and doriden.

¢ Hoch, P.H. and Knight, R.P., Epilepsy, New York, Grune and
Stratton, 1947.
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and who had no fits or drugs in the last twelve months. The
mean of that group is the lowest in the whole table. It seems
that the only vpossible explanation of their unduly long S.R.T.
is the prolonged treatment by the drugs to which they have been
subjected previously and their advanced deterioration because
of the increase in their age. It should also be remembered
that, as this group is numerically small, chence mey play a
considereble role.

After the discussion of the results obtained in the
S.R.T. experiment on the epileptic subjects let us mention
briefly the difficulty of an experimental approach to the study
of the relationship between the S.R.T. and epilepsy and possible
vafiables involved in that particular.problem. It seems to be
clear from the results obtained that epileptic fits have an
excitatory effect on the physiological reactions of an individual;
it does not mean, however, that his S.R.T. would be within
normal limits, even if he has had no drugs. The difficulty
of the experimental study into the effects of fits on the S.R.T.
is this: there are no available subjects in héspital who héve
fits and who are not on.drugs. Such a subject could hardly be
found in this country. If we accept that the presence of
epileptic fits affects somehow adversely the S.R.T., then we
have to consider their frequency and intensity. There could
be little doubt that frequent and intense fits have greater
effect on the S.R.T. than the sporadic and slight omes.
Frequency of fits could be easily ascertained as each epileptic
has a special card on which this frequency is recorded.
Intensity of fits is also recorded on the same cerd, but because
of the lack of objective standsrds in the assessment of their
degree, all availabie data with fegard to the intensity of fits
are of very limited value.

The next difficulty in the experimental study of the
relationship between fits and the S.R.T. is the irregularity
with which fits occur. As the behaviour of an individual

patient varies considerably between his two subsequent fits,
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his S.R.T. could.also vary. It would be necessary to measure
the S.R.T, of each patient every day between his two fits in
.order to determine the range and mean value of ~is S.R.T.

Even then, the problem could still be complicated, because of
effect of practice and the possible variations in intensity

between his two subsequent fits.

The exact study of the effect of drugs on the S.R.T.
is again a very complicated task, because of the variety of

drugs used in the treatment of epilepsy, in our group.

The group of patients under consideration was treated
with epenutin, mysoline, luminal, amphetamine, cytamen, pheno-
barbitone and doriden. 411 these drugs are supposed to hrave
some beneficial effect on epilepsy; <Thelr side-eflects, horever,

may be as varied as their effects on the S.R.T.

There seems to be another important factor affecting
the S.R.T. of some epileptics, nemely their age. It was not
possible to find any experimental evidence thaet age affects
the S.R.T. when considering the whole group of defectives
subjected to the above experiment. Nevertheless, this factor
seems to be important with deteriorated patients, whether’
deteriorated because of unknown reasons or whether deteriorated
because of epilepsy. It is probably not so much an increase
in age which affects the S.R.T. as the advance in deterioration

which is often psrallel to the age increase.

Last, but not least, we should also mention thet the
various types of epilepsy, as for example, idiopethic end
temporal lobe epilepsy, may affect the S.R.T. in different
ways.

Summing up; in the experimentel study of the effects
of epilepsy on the S.R.T. the following factors end their inter-
relationship should be considered; the type of epilepsy, the

frequency and intensity of fits, the mean of the S.R.T. between
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the two subsequent fits, the type of drugs used and the degree

and rate of deterioration of an individual patient.

After the consideration of the results of the S.R.T.
of various more or less clinically distinct groups, it was
decided to confine the further investigation to the group of
120 undifferentiated defective subjects end to the control

group composed of nursing staff.
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CHAPTER V,

THE MAIN EXPERIMENT.

In the main experiment the three following tests

were included:

(a) Pressure and Drawing Performance Time Test.

(b) Drawing Test.

(¢) Verbal, Performance and scholestic attainment test.

1. Purpose of the experiment.

The main purpose ofAthis experiment was to obtain
data from the three groups of subjects on their hend-pressure
and drawing performance time. The results obtained from this
experiment, and the results from the S.R.T. test, could then
be compared in order to see whether tﬁere are statistically
significant differences between these three groups. It would
also be possible to discover whether there is any correlation
between the results from the various experiments within each
group. The secondary purpose of the main experiment was to
explore more closely the drawing ability within the two defective
groups. It was necessary to re-cheék the results obtained in
the preliminary drawing experiments and to investigate the
guantitative aspects of the improvement of the drawing and the
tendency to draw the figures smaller, which are particularly
manifested when the three drawings of each presented figure

have to be performed by each patient.

Finally, we wanted to compare the two defective groups
on their scores in the verbal and performance tests, and their
simple scholastic attainments, such as the ability to read and

write,

2, Selection of subjects and division of them into three groups.

The experiment was carried out on 180 adult subjects,
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120 of them were certified mental defectives, the remaining
60 were members of the nursing staff. Mental defective subjects
were selected on the basis of their results in the preliminary
experiments and particularly on the basis of the S.R.T. test.
All defective subjects were divided according to their drawing
ability, into two groups: Group I was composed of 60 subjects,
30 male and 30 female patients, who were unable to draw an
obtuse angle in the preliminary test; Group II was made up of
60 subjects, 30 male and 30 female patients who were able to
draw an obtuse angle. Both groups contained clinically
undifferentiated sub jects, There were no hemiplegic, post-
encephalitic, epileptic or deteriorated patients among them.
The results of the S,R.T. test obtained with both these groups
are given in the previous chapter under heading: "Undifferentiated
Patients". The results obtained in all subsequent tests were
arranged exactly in the same order as the results of the S.R.T.
test, so that the data obtained in any of those tests, by any
patient, could be easily traced in the respective tables. The
I.Q.'s of both defective groups, as measured by the Revised
Stanford-Binet Intelligence Scale, Form L, varied between 38
and 57. The third group used in the main experiment was
composed of 60 members pf the nursing staff, 30 males and 30
females, and they were selected by the Chief Male Nurse and
Matron respectively. It should be mentioned here that the
group of nursing staff which toock part in the S.R.T. test was
not made up of exactly the same”subjects as the third group

kS
used in the present experiment.

3. Instruments, procedures and results.

A) Pressure and Drawing Performance Time test.

The pressure and drawing performance time tests were

carried out as follows: a wooden box 8 X 5 inches square and
/ b
7

% Because some nurses were on shift duties, holiday or sick
leave.
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2 inches high was used. (Figure 4). From the base of the

box, in each corner, projected a perpendicular,% inch bress
tube. A rubber tube (similar to those used in the fountain
pen) % inch in length was fitted on each rod with the upper
end of each sealed, Over each rubber tube was fitted a
spiral spring resting on fhe base and finishing level with the
top of the rubber tube. A sheet of perspex was fitted to the
top of the box resting on the four springs and rubber endings.
Rubber tubing was connected to the four projecting ends of the
brass tubes in the base of the box and these were connected to
a single thick rubber tube leading to a round tembour fitted
with a pointer. On a similar principle the writing instrument
was connected by the thick rubber tube to the same tambour.
This box was fitted in an 8 x 8 inch sguare aperture in the
table top in such a way th;%“tﬂé top surface of the perspex
was flush with the top surface of the table. A piece of sheet
metal 12 x 12 inches with a 3 x 4% inch aperture in the centre
was placed on the table with the aperture directly over the
box. On another table was a Kymograph. Beside it was placed
an Electric Time Clock connected to another marker (Figure 5).
There were also three pieces of white cardboard, 3 x 4 inches
with a drawing of an acute angle, a right angle, and an obtuse
angle respectively on them. These were then placed on the
table containing the box described above. Immediately before
the beginning of an experiment a piece of'white paper was fixed
on the perspex, a marker connected to the box and writing
instrument was made to touch the smoked drum in a position
approximately one third from the€ top of the drum. The drum

was then set in motion and a base line was drawn by the marker

on the smoke-covered paper around the drum. When the line was

completed, the ihstrument was stopped and instructions were
given to the subject, sitting comfortably by the table, to draw
in a single movement an acute angle on the paper in the window,

exactly the same as the drawing on the piece of white cardboard
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placed on the table before his eyes. Then the writing
instrument was handed to him and the drum set in motion. When
he had finished drawing an acute angle, the drum was stopped,
the pointer removed, the drawing psper in the window changed,
the marker put in position about half way down the drum, and
the drawing of a right angle and an obtuse angle followed
exactly as described above. The pressure exerted during the
drawing on the perspex surface by the writing instrument and
glso the pressure of the fingers on the writing instrument
pneumatically transmitted to the marker and registered on the
smoke~-covered paper on the revolving drum, as a curve beginning
and ending on the base line. When the three drawings were

completed, the pointer connected with the Electric Time Clock

was put just below the last base line and the drum set in motion

again, providing a time base to the record. The speed of the

drum was constant in all experiments. When the pressure of
the three drawings and the time had been recorded, the smoke-
covered paper was removed from the drum, put into & solution of
shellac and methylated spirits and allowed to dry. By using

a planimeter we were able to measure in square inches the area
between the base line and the curve due to pressure exerted
during the drawing. By using two parallel lines at the

beginning and the end of the pressure-curve, we could measure

the performance time for each angle.

As the pressure recording instrument had been
calibrated, the exact ratio is known between any given weight
placed on the perspex and the linear value of the pointer
deflection, Having also the pressure for any drawing expressed
in square inches, and the performance time, it is easy to

calculate the average pressure exerted during the drawing in

weight units per second. The results of the Pressure and

Performance Time tests obtained with the two groups of defectives

and one group of nursing staff are given below.
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Results of the Pressure test obtained with Group I.

(Mental defective subjects who were unable to draw an Obtuse angle).

"Number 'Pressure in square inches exerted during'Sum of pressures

" of ! the drawing of: 'for the three ':
'subject'Acute angle'Right angle'Obtuse angle 'angles., !
1 ] 1 A 1 1
' 1 ' 215 ' 845 ! 5 57 : 16 17 )
' 2 ' 300 ' 228 ' 1 39 6 67 '
'3 ' o091 ' 5 64 ' 2 54 ' 9 09 '
' 4 ' 918 ' 4 22 ' 2 48 ! 13 88 '
5 ' 580 ' 524 5 98 : 17 02 '
' 6 ' 2 66 ' 3 53 ' 4 26 ' 10 45 '
7T 1z o207 3 26 ! 7 05 :
' 8 ' 222 "1 23 ' 129 ! 4 74 '
9 '11 50 ! 3 "4 ' 7 05 ! 22 29 '
;10 : 3 36 - ! 2 20 ' 3 58 ’ 9 14 )
JE- RIS R I R 1
' 7 86 9

y 13 : 11 70 ' 800 ' 8 56 : 28 26 :
y 14 , 15 19 ' 6 05 ! 8 08 ' 29 32 !
¢y 15 , 5 28 ! 5 94 ' 8 66 ; 19 88 '
. 16 1 300 ' 4 82 ' 3 70 ) 11 32 !
17 . 3 95 ! 4 41 ' 2 93 ' 12 29 '
v 18 130 ' 4 05 ' 4 89 ' 10 24 )
v 19 249 ' 343 ' 3 64 ' 9 56 '
v 20 776 ' 590 ! 8 87 ) 22 53 '
r 21 0 415 ' 2 64 ' 3 48 ) 10 27 '
» 22 394 ' 502 ' 6 08 ! 15 04 '
y 23 .7 86 ! 6 37 ! 10 49 ) 24 72 !
+ 24 315 ' 5 34 ' 121 ! 9 70 !
¢+ 25 . 7 95 ! 3 60 ' 5 80 ) 17 35 )
v 26 . 6 85 ! 3 33 ' 10 55 ! 20 73 )
v 27 . 2 87 ! 2 20 ' 3 92 ) 8 99 )
» 28 10 00 ' g 44 ' 6 10 ! 22 54 !
v 29 . 5 67 ' 10 39 ' 4 80 ' 20 86 '
. 30 . 9 76 ' 19 64 ' 9 65 ) 39 08 '
y 31 , 4 06 ! 5 32 ! 5 34 ' 14 72 !
v 32 1 242 U ' 5 80 ! 15 37 !
r 33 , 2 00 ' 3 41 ' 5 34 ) 10 75 '
v 34 1360 ' 351 ' 3 60 ! 9 71 !
¢ 35 . 7 75 ' 15 75 ' 9 05 ) 32 55 '
v 36 | 2 29 ! 4 25 ' 6 14 ) 12 68 !
v 37 . 1 66 ! 2 69 ' 2 05 ) 6 40 )
¢y 38 5 56 ! 9 40 ! 8 00 22 96 )
., 39 ' 094 t1 12 ' 4 49 ' 6 72 '
y 40 : 6 54 ' o4 82 ' 9 04 : 20 40 )
v 41 414 " 967 ' 1619 ' 30 00 '
. 42 . 6 02 ! 5 38 \ 7 80 ' 19 20 '
» 43 360 ' 6 59 ' 6 22 ' 16 41 )
v 44 540 ' 385 ! 5 38 ! 13 63 !
v 45 . 2 67 ' 3 28 t 7 21 ) 13 16 '
r 46 1 205 o211 ' 3 26 ! 7 42 !
v 47 , 9 16 ! g9 23 ' 10 06 ! 22 45 !
y 48 . 4 55 ! 6 77 ' 4 81 16 13

» 49 1 219 ' 1 82 ' 7 40 ' 11 41 '
50, 171 ' 290 6 30 - ' 10 91 '
¢y 51 2 33 ! 1 62 ' 1 71 ! 5 66 !
, 52 ' 098 ' 1 58 ' 5 03 ' 7 59 '
, 53 | 4 44 190 ' 3 06 : 9 40 '
v 54 | 18 25 ' 1623 ' 17 14 ) 51 62 ;
» 55 396 - S S, 5 86 : 12 53 '
. 56 159 Y1 45 ! 5 37 . 8 41 )
» 57 186 " 460 5 18 ) 11 64

y 58 1 43 ' 470 \ 7 29 13 42

v 59 | 180 'o434 ! 198 ' 8 12

v 60 . 4 25 : 7 4] : 10 29 : 21 95

! ?

% For all significances of differences between means of groups
see chapter VI.
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Results of the Pressure Test obtained with Group II.

(Mental defective subjects who were able to draw an obtuse angle.)

'Sum of pressure'!

Number of'Pressure in square inches exerted
' for the three !

isubject ' during the drawing of :

' 'Acute angle'Right angle'Obtuse angle' angles. !
[} N ' t [ '
' 1 1 0 35 ' 0 29 ' 1 19 ' 1l 83 !

’ o2 + 08 1+ 348 ' 164 ' 5 97 '
' 3 ' 0 80 ' 3 28 ' 5 63 ' g9 71 !
t 4 ' 0 30 ' 0 38 ' 0 40 ! 1 08 '
' ) ' 1 53 ' 2 70 ! 3 78 ! 8 01 !
' 6 \ 1 19 1 1 25 ! 1 40 ' 3 84 !
! 7 ' 0 87 ' 0 55 ' 0 96 ! 2 18 !
' 8 ' 3 50 ' 4 85 ' 4 70 ' 13 05 !
! 9 ' 1 41 ' 1 02 ! 120 ' 3 63 !
v 10 ' 1 00 ' 2 94 ' 3 10 ' 7 04 !
v 11 ' 2 79 ' 1 62 ! 0 55 ' 4 96 !
v 12 ' 0 55 ' 1 55 ' 0 55 ! 2 65 !
v 13 ' 0 54 ' 1 62 ! 1 04 ! 3 20 !
v 14 ' 1 03 1 0 49 ! 0 83 ' 2 35 '
t 15 ' 0 66 ' 102 ! 1l 36 ' 3 04 !
t 16 ' 0 69 ' 0 60 ' 1 18 ' 2 47 !
v 17 ' 0 30 1 1l 41 ' 111 ! 2 82 !
+ 18 ' 2 08 1 1 38 ' 1 38 ! 4 83 !
v 19 t 0 74 ' 1 85 t 0 80 ' 3 39 !
v 20 ' 2 48 ' 2 95 ' 2 96 ' 8 !
1 21 1 0 44 ' 0 50 ! 0 34 ! 1 28 !
22 ' 3 97 ' 2 26 ' 117 ' 7 40 !
t 23 1 2 50 ' 2 28 ! 2 83 ! 7 61 !
v 24 ' 2 20 ' 4 68 ! 313 ! 10 01 !
' 25 ' 1 95 ' 3 48 ' 3 75 ' g 18 !
' 26 1 2 08 1 3 25 ' 1 48 ! 6 81 !
' 27 ' 0 94 ' 0 486 ' 0 88 ' 2 28 '
! 28 ' 1 09 1 0 46 ' 2 57 ! 4 12 !
t 29 ' 073 1 3 16 ! 2 60 ! 6 49 !
1 30 ' 0 79 ' 1 02 ' 0 46 ! 2 27 !
' 31 ' 0 586 1 1 51 ' 1l 69 ! 3 76 !
' 32 1 0 98 ' 1 50 ' 1 26 ' 3 74 !
' 33 ' 1 69 t 1 00 ' 0 35 ! 3 04 '
t 34 ' 0 41 ' 085 0 91 ! 2 17 '
' 35 ' 0 63 ' 1l 85 ' 2 08 ' 4 56 !
! 36 ' 0 37 ' 0 23 ' 0 40 ' 1 00 !
t 37 ' 1 11 ' 2 34 ' 1 60 ! 5 05 !
1 38 ' 2 52 ' 0 45 ! 0 30 ! 3 27 !
' 39 ' 0 39 1 0 40 ! 1 19 ' 1 98 !
' 40 ' 0 20 t 0 05 ' 0 35 ! 0 60 !
t 4] ' 1 99 ' 3 74 ' 2 46 ! 8 19 !
' 42 1 0 67 1 1 0& ' 1 00 ' 2 71 !
' 43 ' 1 31 ' 1 00 ' 0 66 ! 2 97 !
' 44 ' 0 &7 ' 0 34 ' 0 29 ' 1 30 '
' 45 ' 4 85 ' 2 17 ' 1 69 ' 8 71 !
' 46 ' 0 35 1 1 06 ' 1 05 ! 2 46 !
47 ' 0 26 ' 0 24 ! 0 67 ' 1 17 !
' 48 1 071 ' 1 83 ! 2 44 ' 4 98 !
! 49 ' 1 05 ' 0 55 ' 0 75 ! 2 35 '
t 50 ' 0 25 ' 0 30 ' 0 ' 1 50 '
' 51 ' 0 33 ' 0 62 ! 1 ' 2 51 !
' 52 ' 0 58 ' 0 83 ! 2 ' 4 09 !
' 53 1 0 70 1 4 60 ! 0 ' 6 24 '
' 54 t 0 12 1 0 21 ' 0 ' 1 31 '
' 55 1 % 80 ' 4 10 ! 2 ! 10 75 !
' 56 ' 0 64 ' 0 47 ! 1 ! 3 07 !
't 57 ' 1 04 ¢ 0 91 \ 1 ! 3 !
' 58 ' 0 58 ' 0 76 ! 1 ! 2 !
' 53] ' 2 80 ' 3 71 ' 3 ' 0 !

' 80 v 115 094 1 ' 3 '
t 1 ' ' ' !
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Results of the Pressure Test obtained with the Group composed
of Nursing Staff.

Number of' Pressure in square inches exerted 'Sum of press-
*subject.! during the drawing of 'ure for the !
3 'Acute angle' Right angle' Obtuse angle'three angles..
1 ' ] t
y 1 ! 0 85 ' 110 1 64 f 3 59 '
2 ' 0 81 ' 13 1 30 , 345 '
. 3 ' 0 55 ' 028 0 31 y 114 '
y 4 ! 0 47 ' 021 0 57 , 125 '
r 5 ' 0 79 ' 037 0 45 v 16l '
6 ' 0 30 ' 0 65 0 17 y 112 '
v 7 ' 0 34 ' 035 0 22 . 091 '
y 8 ' 473 ' 181 1 28 ., 7 82 '
9 ! 0 72 ' 0 44 0 59 v 175 '
y 10 ' 2 19 ' 145 1 59 + 5 03 '
y 11 ' 1 45 ! 070 110 ., 325 '
v 12 ! 119 ' 224 4 30 . 773 '
v 153 ! 0 47 ' 0 49 0 32 ., 1 28 '
y 14 ! 0 51 ' 053 0 73 v 177 '
y 15 ! 0 81 ' 173 0 58 y 317 '
y 16 ! 0 45 ' 068 0 39 y 152 '
. 17 ' 0 81 ' 060 0 68 . 209 '
y 18 ' 1 70 ' 08l 014 y 2 65 '
v 19 ' 1 64 ' 15 1 40 . 4 63 '
r 20 ! 0 82 ' 076 174 . 332 '
y 21 ! 0 86 ' 1 04 1 00 ., 290 '
, 22 ' 2 92 ' 18 1 34 , 6 08 '
¢ 23 ! 2 60 ' 214 2 19 , 6 93 '
y 24 ' 0 87 ' 023 0 15 y 125 '
y 25 ' 0 97 ' 126 0 94 . 317 '
y 26 ! 112 ' 116 0 90 . 318 '
y 27 ' 3 19 ' 1 38 2 55 y 712 '
, 28 ! 0 29 ' 015 0 38 y 082 '
y 29 ' 110 ' 0 65 114 , 289 '
v 30 ' 116 ' 112 1 35 y 3 63 '
y 31 ' 0 24 ' 0 55 1 06 , 185 '
y 32 ! 128 ! 114 1 67 . 4 03 '
r 33 ! 2 31 ' 035 0 32 . 295 '
y 34 ! 0 50 ' 0 66 0 61 vy 167 '
y 35 ' 0 45 ' 0 43 0 22 . 116 '
'y 36 ! 111 ! 023 0 21 y 155 '
v 37 ! 141 ' 150 2 56 v 5 47 '
, 38 ! 0 D5 ' 035 0 63 y 103 '
v 39 ' 3 17 ' 392 0 94 , 803 '
y 40 ' 1 90 ' 182 1 99 571 '
v 41 ' 0 27 ' 123 0 83 y 2 33 '
y 42 ' 0 92 ' 025 0 95 , 212 '
¢ 43 ' 0 96 ' 124 1 81 . 401 '
v 44 ' 0 82 ' 165 , 1 04 y 351 '
y 45 ' 0 24 ' 022 0 20 . 0 66 '
r 46 ! 0 11 ' 014 , 0 35 . 0 60 '
v 47 ! 3 21 ' 115 0 40 . 476 '
v 48 ! 115 ' 1 44 2 05 y 4 64 ‘
v 49 ' 2 58 ' 161 2 09 . 6 28 '
r 50 ! 0 51 ' 075 1 01 ., 227 '
v 51 ! 0 78 ' 0 56 0 7 , 211 '
y 52 ! 1 20 ' 104 197 , 421 '
y 53 ' 0 66 ' 129 1 06 301 '
y 54 ! 0 80 ' 0 56 0 95 , 2031 '
¢ 55 ' 0 50 ' 054 0 35 . 1 39 '
' 56 ! 0 17 ' 015 0 11 . 0 43 '
y 57 ' 1 80 ' 055 0 54 ., 2 89 '
v 58 ' 5 29 ' 2 3% 1 95 ., 9 57 '
v 59 ' 0 12 ' 015 . 0 24 , 0 51 '
v 60 1 o078 ! 140 + 065 , 283 '

1 t
4 ' ] 1
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Results of the Performance Time Test obtained with Group I.

(Mental defectives who were unable to draw an obtuse angle.)

+Number 'Drawing Performance Time (to the 'Sum of Perform- |,
v+ of ‘nearest 1/3 sec.) for: _ 'ance Times for |
1subject'Acute angle! Right angle' Obtuse angletithe three angles,
! : 1 ' ! '
+ 1 ' 83 , 1233 , 766 r 28 33 '
' 2 , 14 00 ' 7 00 1 8 66 ' 29 66 '
' 3 . 8 66 ' 12 33 ' 8 00 ' 29 00 '
' 4 . 12 00 ' 7 00 ' 6 33 ' 25 33 '
' ) . 8 66 ' 6 66 ' 7 00 ' 22 33 '
' 6 . 7 33 ' 8 66 ' 6 66 ' 22 66 '
\ 7 1 7 33 t g9 33 1 11 00 ! 27 66 '
' 8 . 7 33 ' 8 33 ' 9 66 ' 25 33 '
' 9 , 24 00 ' 12 66 ' 10 66 ' 47 33 '
v 10 16 86 10 66 9 33 ' 36 66 '
v 11 , 21 00 ' 11 66 ' 10 33 ' 43 00 '
v 12 , 14 00 ' 13 00 ' 13 33 ' 40 33 '
v 13 . 22 00 ' 12 66 ' 11 66 ' 46 33 '
v 14 . 16 00 ' 12 00 ' 11 66 ' 39 66 1
v+ 15, 10 33 6 00 9 00 ' 25 33 '
+ 16 . 19 33 ' 9 66 ' 12 00 ' 41 00 '
v 17 . 11 00 ' 4 66 ' 7 00 ' 22 66 '
v 18 8 66 7 00 7 66 ' 23 33 '
v 19 . 8 66 ' 5 66 ' 7 33 ! 21 66 '
v+ 20 . 9 33 ' 10 66 ' 8 66 ' 28 66 '
v 21 , 10 00 ' 6 66 ' 7 33 ' 24 00 '
v 22 . 8 00 ' 10 00 ' 11 00 ' 29 00 '
v 23 8 66 ' 4 66 ' 10 00 ' 23 33 '
v 24 ' 8 00 ' 8 33 ' 7 66 ' 24 00 '
+ 25 , 14 00 ' 10 33 ' 12 33 1 26 66 .
v 26 , 21 33 ' 19 00 ' 17 66 ' 58 00 '
v 27 . 7 33 ' 5 66 1 7 33 ' 20 33 '
r 28 , 12 66 ' 9 66 ' 10 00 ' 32 33 '
v 29 ' 14 33 ' 13 00 1 10 66 ' 38 00 '
v 30 , 13 00 ' 17 33 ' 17 33 ' 47 66 ,
v 31 . 9 33 ' 9 00 ' 10 66 ' 29 00 '
1 32 . 8 00 ' 10 66 ' 7 33 1 26 00 '
v 33 . 7 33 ' 5 33 ' 8 00 ' 20 66 '
v 34 7 66 8 33 5 66 ' 21 66 '
v 35, 16 66 15 00 + 11 00 ' 42 66 '
1 36 . 8 66 ' 7 00 1 7 00 ' 22 66 1
v 37, 533 4 66 4 33 ' 14 33 '
+ 38 , 13 00 ' 9 00 ' 8 00 ' 30 00 '
r 39 . 11 66 ' 6 00 ' 8 33 ' 26 00 .
+ 40 1 7 66 1 8 00 ' 10 00 ' 25 86 .
v 41 8 66 11 33 « 1533 ' 35 33 '
1 42 . 9 00 ' 7 00 ' 8 66 ' 24 66 '
1 43 , 10 00 ' 11 00 ' 9 00 ' 30 00 '
t 44 . 8 33 ' 7 33 ' 10 66 ' 26 33 '
v+ 45 ' 6 33 ' 7 00 ' 10 33 ' 23 66 .
1 46 . 6 66 ' 4 66 ' 5 66 ' 17 00 ,
! 47 ' 7 33 1 9 00 1 11 66 ' 28 00 1
v 48 11 66 12 66  + 10 00 ' 34 33 '
v 49 , 12 00 ' 10 66 ' 15 00 ' 37 66 '
+ 50 . 7 66 ' 7 33 ' 11 ' 26 00 ,
+ 51 . 6 33 ' 6 00 1 ! 18 33 '
52 . 4 00 ' 5 00 ' ' 17 00 '
+ 53 . 7 33 ' 6 00 ' ! 20 33 '
+ b4 , 10 66 ' 9 66 ' ! 31 00 '
v+ 55 . 7 00 ' 4 66 ' ! 17 66 '
1+ 56 , 4 66 ' 3 33 ' ! 15 66 '
v 57 ' 6 66 ' 6 33 ' ! 19 33 '
1+ 58 ' 8 00 ' 9 66 ' ' 30 66 1
+ 59 . 10 66 ' 6 33 ' ' 23 33 '
+ 60 , 11 33 ' 12 33 ' ! 40 33 1
' ' ' 1 ' 1
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Results of the Drawing Performance Time obtained with Group II.

(Mental defectives who were able to draw an obtuse angle.)
|

+ Number 'Drawing Performance Times (to the 'Sum of Perform- ,,
, of ! nearest 1/3 of second). for: 'ance Times for
s subject'Acute angle  Right angle: Obtuse angle'the three angles,
' ! ' ! '
. 1! 6 66 ' 2 66 ! 5 33 ! 14 66 ,
y 2! 866 + 6 33 ' 7 00 ' 22 00 .
- T 833 1+ 6 33 ! 6 00 ! 20 66 ,
4! 7 00 + 10 00 ' 8 66 ' 25 66 .
y 5 900 + 9 00 ' 6 66 ! 24 66 ,
. 6 6 33 + 3 66 ' 3 00 ' 13 00 .
vy 7 ' 12866 1+ 700 ' 7 33 ' 27 00 .
y 8 ' 10 00 r 9 66 ' 10 66 ' 30 33 ,
y 9 ! 10 33+ 11 66 ' 11 33 ' 33 33 ,
. 10 ' 1066 + 11 66 ' 10 66 ' 33 00 .
. 11 7 700 + 7 66 ' 6 66 ! 21 33 .
y 12 ' 1166 1+ 9 66 ' 10 00 ! 31 33 \
. 13 366 1 4 66 ! 5 33 ' 13 66 .
y 14 ' " 3% 1 4 66 ' 6 66 ! 18 66 .
, 15 ' 533 1 5 33 ' 6 33 ! 17 00 ,
. 16 533 1+ 300 ! 5 00 ' 13 33 ,
y 17 466 1+ 6 33 ! 5 66 ' 16 66 .
, 18 ' 833 1+ 500 ' 5 66 ! 19 00 .
y 19 533 1+ 3 66 ' 4 33 ' 13 33 \
y 20 ' 9 33 1+ B 66 ! & 33 ' 22 33 .
, 21 ' 1233 v 6 66 ! 7 00 ' 26 00 .
y 22 ' 1000 + 6 00 ' 5 00 ' 21 00 .
y 23 ' 533 + 500 ' 5 66 ' 16 00 .
, 24 ' 733 1+ 6 00 ' 5 66 ! 19 00 .
y 25 733 + 6 00 ' 6 66 ! 20 00 ,
, 26 ' 800 1+ 4 66 ' 5 66 ' 18 33 .
, 27 & 33 1 5 00 ! 8 33 ' 19 66 .
, 28 466 1+ 500 ! 8 00 ' 17 66 .
, 29 466 1+ 10 00 ' 7 33 ' 22 00 .
, 30 ' 400 + 4 33 ' 3 66 ' 12 00 .
y 31 500 + 400 ' 4 00 ' 12 00 .
, 32 ' 466 1 7 66 ' 6 00 ' 18 33 .
, 33 ' 366 1+ 2 66 ' 2 33 ' 8 66 .
v 34 ! 500 + 700 ' 9 66 ' 21 66 .
v 35 600 + 366 ' 400 ' 13 66 ,
v 36 566 + 266 ' 300 ' 11 33 '
v 37 533 1 5 66 ' 466 ' 15 66 '
, 38 6 00 1+ 4 00 ' 5 66 ' 15 66 .
e 3] 400 + 400 ' 366 P11 66 '
+ 40 40 + 133 ' 333 ' 8 66 :
y 41 6 66 + 6 00 ' 7 00 ! 19 66 '
, 42 ' 666 + 6 66 ' 8 66 ! 22 00 .
I 835 + 500 ' 533 ' 18 66 '
v 44 . 1200 1 15 66 ' 14 66 ' 42 33 '
v 45 635 + 500 ' 466 ' 16 00 '
v 86 333 1+ 433 ' 333 ' 11 00 '
v 47 5 33 1 3 33 ! 4 33 ! 13 00 '
, 48 ' 666 + 5 00 ! 9 66 ' 21 33 .
49 ! 6 33 + 2 00 ' 2 33 ! 10 66 .
. 50 266 1 2 66 ' 3 66 ! 9 00 .
, 51 400 + 4 66 ! 5 66 ! 14 33 .
v 52 ] 633 1+ 466 ' 633 ' 17 33 '
v 53 366 + 500 ' 833 17 00 '
v 54 333 1 3 33 ' 733 L1400 :
v 55 900 + 9 66 ' 9 66 28 33 '
v 56 666 + 6 33 ' 866 ‘2l 66 :
v 57 300 + 2 66 ! 4 33 : 10 00 .
v 58 - 3 33 1 3 00 ! 3 00 ' 9 33 '
v 59 11 33« 6 66 ! 6 66 ' 24 66 \
v 60 5 00 1 3 66 : 5 33 ' 14 00 '
4 t t
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Results of the Performance Times test obtained with the
group of nursing staff.

+ Number ' Drawing Performsnce Time (to the 'Sum of Per-
v of ! nearest 1/3 of second.) for: 'formance

+ Subject.' Acute angle ' Right Angle ' Obtuse angle'!'Times for the
1 t 4

) 'three angles.

Ty

' ! t '
e 1 | 566 ' 666 ' 635 | 18 66 :
v 2 . 4 00 ' 5 33 ' 2 66 12 00
.3 400 ' 23 ' 26 . 900 ,
4 0 50 ' 23 ' 335 | 1066 ;
« 5, 200 ' go0 ' 166 11 66 ,
'8 266 ' 233 ' 2866 . 766 ,
7, 23 ' 23 ' 20 | 666 ,
+ 8 586 ' 6335 ' 600 . 1800 :
v 9 . 1 33 ' 1 66 ' 2 00 ' 5 00 ;
v 10 . 4 00 ' 3 66 ' 6 33 , 14 00 :
v 11 . 4 66 ' 566 ' 6 00 y 16 33 :
v 12 , 2 66 ! 2 33 ' 2 66 . 7 66 .
v 13 . 3 66 ! 3 00 ' 2 66 . 9 33
P14 1 268 ' 233 ' 30 | 800 :
v 15 . 2 66 ' 2 66 ' 4 00 \ 9 33 '
v 16 . 3 33 ! 3 66 ! 2 66 , 9 66 ,
v, 17 , 7 00 ' 7 00 ! 7 33 , 21 33 .
v 18 , 4 00 ' 8 00 ' 3 66 , 15 66
v 19 7 83 ' go00 ' 11 33 28 66 ,
v 20 0 333 ' 5335 ' 500 . 13 66 ,
r 28 266 ' 300 ' 200 | 7eg :
v 22 , 10 33 ' 8 00 ' 9 33 , 27 66 :
v 23 . 7 33 ! 5 00 ' 5 00 , 17 33 ,
v 24 . 3 33 ! 2 66 ' 1 66 , 7 66 .
v 25 . 2 33 ' 2 33 ' 2 33 \ 7 00 :
v 26 \ 3 00 ' 3 00 ' 2 .66 X 8 66 :
v 27 ) 4 33 ' 400 ' 566 , 14 00 '
r 28 . 4 00 ' 2 33 ' 3 33 \ 9 66
v 29 0 13 ' 100 ' 13 | 3¢ ;
v 30 , 1 66 ' 1 66 ' 2 33 ' 5 66 :
v 31 , 2 353 ' 2 66 ' 3 66 , 8 66 :
v 32 . 1 66 ' 2 33 ' 3 33 , 7 33 :
v 33 . 3 66 ' 3 33 ' 3 00 , 10 00 '
v 34 , 2 33 ' 3 66 ' 2 33 ' 8 33 '
1 35 . 5 66 ' 2 66 ' 2 00 , 10 33 :
1 36 . 2 00 ' 1 66 : 1 00 . 4 66 :
v 37 . 2 66 ' 2 66 ' 4 33 , 9 66 :
v 38 1 66 ' 3 66 ' 5 66 , 1100 :
r 39 . 3 66 ' 4 33 ' 4 33 , 12 33 '
1, 40 . 5 00 ' 4 66 ) 5 66 , 15 33 '
v 41 . 2 00 ' 2 00 ' 2 66 . 6 66 '
v 42 . 3 66 ' 3 66 : 4 00 , 11 33 :
v 43 . 2 66 ! 4 33 ! 3 33 , 10 33 '
v 44 . 3 33 ' 3 33 ' 3 33 , 10 00
r 45 1 300 ' 28 ' 266 | 'g33 :
v 46 . 1 66 ' 2 66 ' 1 33 ' 5 66 .
47 . 5 66 ' 5 33 ' 5 66 + 16 66 '
v 48 . 5 00 ! 6 33 ! 5 00 , 16 33 .
v 49 . 4 00 ' 4 66 \ 5 66 . 14 33 '
v 50 . 6 66 ! 6 00 ' 7 33 y 20 00 '
r 61 . 3 00 ' 2 66 ' 2 66 , 833 '
v 52 . 5 00 ' 4 00 ' 4 00 . 13 00 .
v 53 . 6 66 ' 5 00 ' 9 66 y 21 33 '
v 54 4 33 ' 4 33 ' 4 00 , 12 66 '
v 55 . 5 00 ' 5 00 ' 3 33 , 13 33 '
+ 56 . 1 66 ' 1 33 ' 166 y 466 '
v 57 . 2 66 ' 3 00 ' 2 66 , 8 33 '
v 58 , 9 00 ! 6 33 ! 6 66 , 22 00 .
v 59 . 2 33 ' 2 00 ' 2 66 : 7 00 '
v 60 , 3 33 : 3 00 : 2 00 . 8 33 .
t
A
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Certain characteristic features of the pressure curves.

In figure 6 are photographs of the three pressure
curves for acute, right and obtuse angles obtained with three
sub jecCts. The record marked 129 was obtained with a mental
defective subject from Group I. The record 272 was obtained
with a subject belonging to Group II. The record 306 with a
member of the nursing staff. Although there are wide
variations with regard to the volume of pressure used during
the drawing, performance time, and the shape of the curves
obtained between various subjects within the same group,
nevertheless the three records could be considered to be broadly
representative samples of the three groups under investigatioql_
The primary difference between the pressure curves obtained with
the various groups is the volume of the pressure used and the
performance time. | These differences were apparent even without
performing any quantitative measurements. There are also the
secondary differences in the shape of the curves, particularly

between records obtained with Group I and Group II.

These secondary differences could be observed in the
majority of records and also in Figure 6. It seems that the
preparatory time for the drawing of any particular angle would
be somewhat longer in Group I than it is in Group II and the
grow of nursing staff. By the preparatory time is meant the
time interval between the sub ject being handed the writing
instrument and his commencing to draw. As the writing
instrument is pressure sensitive, any hesitation or slow start
would be recorded as a flat or very slow rising curve above the

base line.

In the majorlty of records performed by subjects
belonglng to Group I, this preparatory time is quite obvious.
On the other hand nursing staff or subjects belonging to the

Group II begin to draw immediately after the writing instrument
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is handed to them and their records do not show these flat
lines precéding the drawings. The presence of this preparatory
?ime in Group I could be explained as the prolonged period in
which the formation of motor patterns is completed. The

sub jects of Group II end the nursing staff Group seem to form
these motor ﬁatterns When instructions are given end a demon-
stration performed by the experimenter, But this time is
obviously insﬁfficient for Group I, and, therefore, they
complete the formation of motor patterns in the time provided

for drawing.

Another difference which could be easily observed
between the records of Group I and Group II is the shape of the
pressure curves, The shape of the pressure curves are
relatively smooth and slowly increasing or decreasing in Group
IT and the nursing staff,Group, while the shapes in Group I are
unéven, showing many sudden changes. These sudden variations
in the pressure are probsbly due to the greater degree of
difficulty in performing the necessary changes in direction
of the moving hand and the inability to maintain steady pressure

by those subjects in Group I.

B. Drawing Test.

This test was essentially very similar to the
preliminary drawing test; it was, however, extended in the
hope of obtaining more information about the drawing behaviour

of simple geometrical figures by the mentally defective subjects.

The purpose of the Drawing test was to obtain quantita-
tive data in Group I and in Group II in order to compare these

' two groups with regard to:

“(a) Ability or inability to draw various angles and a diamond.

(b) Type and frequency of drawing failures.

(¢) Ability to improve imperfect drawing in the subseoquent two

attempts,
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(d) Tendency to draw smaller angles or a diamond in each

subsequent attempt.

For the drawing test foolscap papers were provided,
each divided into four equal parts with an acute angle, a right
angle, an. obtuse angle and a diamond in that order printed on
the left-hand side. Each mentally defective subject belonging
to Group I or to Group II was asked to draw on the same paper
opposite the printed figures, an acute angle, a right angle, en
obtuse angle and a diamond. Three attempts were allowed. The
same instructions were given as in the preliminary drawing test,
i.e. "Draw these figures in one movement, like this"; (here the
procedure was demonstrated) "keep your pencil on the paper while

drawing, do not 1ift the pencil."”

If even one of the three attempts to draw some angle
or diamond was successful the subject was classified under the

heading 'Drawing Success'.

(a) Table of successful drswing of the various angles and the

diamond is given below.

* ?

! Number of drawing successes. !
] A\ ] 1 1 1

'Nr of subj.'Acute ang.'Right ang.'Obtuse ang'Diamond’
1 ] ] ! ! \

] * < a -

! o1 ! 0 ! 4
\ 1 \
i t

o8 ' 60

31

'Group I ' 60 !
t 1 t
'Group II! 60 '

1
?
\]

92 56

Two direct conclusions can be dravn from the results
given in the above table, the first: that the ability to draw
an obtuse angle is closely related to the ability to draw a
diamond; the second that the drawing of different angles present
varying degrees of difficulty. These results and their con-
clusions appear to confirm entirely our initial assumptions and
conclusions drawn from theApreliminary drawing experiments,
There are however, some points in the above tzble, particularly

with regard to the results obtained by Group II, which could be
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easily misinterpreted. It seems, judging from the results,
that for the subjects belonging to Group II the most difficult
task was to draw an acute angle. Nothing could be further
from the truth. For the mental defective patients belonging
to Group II the given task of drawing acute and right angles
was subjectively so easy that they did not pay much attention
to its correct execution. They have obtained the best results
with the drawing of an obtuse angle and the dismond because
these presented some difficulty for them and compelled them to
exercise .me effort. For these reasons the degree of diffi-
culty involved in various drawings could be more correctly

assessed by the combined results obtained with both groups.

(b) Type and frequency of drawing failures.
(i) Type of drawing failures and their frequency when an acute

angle was presented.

]

Type of response. ! Frequency
t |

'Group I.' Group II.
1

]

1 1
! 1
A\ 1
| !
1 t
'Both lines are rounded upwards! 4 ! - '
1 t 1 1
\ t 1 1
'One line is rounded upwards. 11 - !
1 ! ' 1
t . [ 1 1
'Three lines are used. ! 4 ! - !
1 A 1 !
] ] t t
'Disconnected lines. ! 8 8 '
t ! ] 1
] \J | !
'Crossed lines. ! 1 - !
1 \l t t
L ' A\l '
'Right angle is drawn. ! 1 ! - !
1 1 | \
! p * !

! 29 ] 8 t

' ' '

'Total number of failures.
t
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(ii) Type of drawing failures and their frequency when a

right angle was presented.

Type of response.

Frequency
?

Group I.' Group II.

t

t

1 ' \
t t t
\] A A
\ t ]
\) t !
'An acute angle is drawn. ' 3 ! 1 '
! ! 1 1
! t ! 1
'Disconnected lines. ! 2 ! 1 '
| 1 t \
1 i t !
'Crossed lines. ! 1 ! - !
|l t 1 !
1 ! 1 \)
'‘Angle is rounded upwards. ! 3 ' - '
] 1 \] !
A t 1 ?
'Total number of failures. ' 9 ! 2 '

1 1 ]

f 1

(iii) Type of drawing failures and their frequency when an

obtuse angle was presented.

' 2
' ! .
+ Type of response. ' Frequency .
' ' t

Y ' Group l. r Group IILJ
' ' 1

' Straight line is drawn I ¢ - )
1 1 ] R
1 ! 1 .
+ Curved line, like a rounded 14 ' - .
'+ obtuse angle. ! ' .
' t 1

+ Curved line, like & rounded ' 6 ' - :
+ acute angle. ! ! .
1 ' 1

t Curved line, like a rounded ' 9 ' - :
't right angle. ! 1 .
) ! 1

' Right engle is drawn v13 ' - :
' ! ' .
t i ! ! '
t Obtuse angle with crosseéd ' 7 ' - .
' lines. ! ! .
' t t .
' Acute angle is drawn ! 2 ' - .
t ' '

' ! ' '
' Acute angle with crosesed ! 3 ! - .
+ lines. ! ! '
' t ' '
t+ Right angle with disconnect-' 1 ! - '
' ed lines. ! ! .
' J 1 '
' Acute angle ending with a ! 3 ! - '
* long comma. ! ! '
t ' [ '
' Total Nr, of failures. ' 60 ! - '
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(iv) The type of drawing failures when & diamond was presented
are illustrated in Picture 7. The frequency of response is

given in the table below.

'Type of response as in' Frequency !
'Figure 7, drawing nr. ' Group I ' Group II !
1 t 1 t
1 l ] 2 ] 2 1
t ] ] ?
1 2 ' 10 ' 1 1
t | t ]
1 3 t 6 ' ] l 1
t 1 ] 1
4 4: t 2 ) - !
1] ] 1 t
1 5 | 7 ] ]
1 \ \] !
1 6 t 2 ! - t
t 1 ] 1
t 7 1 6 ' - t
A ] ] 1
] 8 1 4 \] - ]
t ] 1 1
1 9 t 5 ] - [
1 1 1 1
t 10 1 3 t - {
1 ] 1 t
] ll | 4 1 - 1
) t ] |
t 12 | l 1 - 0
] ] ] ]
15 ] l 1 - t
1 1 1 1
! 14 ] 5 ] - ]
4 ] 1 1
'Total nr.of failures ! 56 ! 4 !

Analysis of the drawing responses to various angles
and a diamond obtained with the two groups of mental defective
subjects confirm the results obtained in the preliminary
experiments. Ability to draw some particular angle or a diamond
seems to be chiefly determined by the mental development of an
individual and particularly by his motor ability to perform
certain changes in the direction of the moving hand. When an
individual is given a task which is beyond his motor development,
then he regresses to some lower motor level, thus employing a
pattern developed previously. The level of his motor develop-
ment, regressive patterns, and even some personality trends
could be infered from the careful analysis of some drawing

responses of mental defec tive subjects.
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(c) Ability to improve an imperfect drawing in the subsequent

two attempts.

In the preliminary drawing test each subject was
asked to draw various angles, and one attempt was allowed for
each angle. In the present test each subject was asked to
draw various angles and a diamond and three attempts were allowed.
The purpose of the extension of the number of attempts allowed
for each figure was to investigate the effects of practice.
We were interested in how many subjects would show some improve-
ment in their subsequent drawings of the same figure, and in
which particular figures this improvement would be the most

significant.

The results of the analysis of the drawings executed
by the mentally defective grouped subjects are given in the
table below.

Improvement in drawing due to practice.

'"Nr of subj.'Nr of subj.' Improvement shown in !
Tunder in- ‘'showing im-'Acute'Right'Obtuse’ !

'vestigation'provement. 'angle'angle'angle 'Diamond!
t 4 1 | ]

@] - < -

!
'Group I ! 60 ! 13 '10 ' 8 ' O ' 1 !
? \ 1 t | 4 | t
'Group IT ' 60 ! 25 t11 ' 1 '12 ! 9 !
1 t ] ) \ ] | ?
'Totals ! 120 ! 38 '2Y * 9 ' 12 ' 10.

Two points in the above table seem to be of some
importance. The number of subjects in Group II who show improve-
ment is almost twice that of the corresponding number in Group I.
There seems to be a significant difference between these groups
as far as their ability to improve their drawing by practice,
or modify their motor responses, is concerned. There is another
interesting point in the above table, namely: the difference
in the pattern of responses. There are significant differences
between the numbers showing improvement in Group II with regard
to right‘and obtuse angles and a diamond. Subjects of that

group show almost equal capacity for improvement in drawing any
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of these figures. On the other hand subjects of Group I show
improvement in acute and right angles. There is no improve-
ment as far as an obtuse angle is concerned and only one
subject improved his drawing of & diamond. On the whole, the
results given in the above table point out not only the various
degrees of improvement in both groups but also the various
levels of motor development on which both groups are capable

of improving their drawings.

(d) Tendency to draw smaller angles or diamonds in each

subsequent drawing.

This phenomenon has been observed during routine
testing with the test design for the seventh mental year in the

Revised Stanford-Binet Intelligence Scale.

The results of the analysis of drawings performed by

Group I and Group II are given in the table below.

Tendency to decrease in size each of the subsequent drawings.

'‘Nr of 'Nr of sub- ' Figure showing the decreasing'’
'subjects'jects show- ! tendency.
‘under in'ing tendency 'Acute'Right'Obtuse

|
t 1
1 1 t
! 'vestiga-'to draw each 'angle'angle'angle ' Diamond.
! 'tion. 'subsequent ' ! ! ' '
\ * 'figure t 1 1 1 !
! ! 'smaller. ! ! ! ! !
t . s t A ! | ' 1
'Group I ' 60 ! 47 ' 15 ' 16 ' 18 ! 24 !
\ ' f 1 \ ! t !
t ] ' ! \ ' ? 1
'Group II ' 60 ! 33 9 1wy 9t 17 '
* t 1 1 1 1 1 '
? ! t ? \ ! * \
'"Totals ' 120 ' 80 ' 24t 33t 27 o 41 '
? 1 \ \ 1 1 \

*

The results of this table show that there is some
difference between Group I and Group II in the numbers of
subjects showing a tendency to decrease the size of their draw-
ing 'in each of the subsequent drawings. Unfortunately, we
are unable to offer an adequate explanation of this phenomenon
at present, or to explain the patterns of responses obtained

with both groups.
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In Figure 8 an illustration is given of the tendency
to decrease the size of each of the subseguent drevings with

four subjects drswing four verious figures.

C., Verbal, Performence and Scholastic Attzinments Tests.

In the course of tre foregoing research it became
apvarent thet the two groups of mental defectives, different
primarilyv in their drswine ebility and secondly in tre S.R.T.,
Pressure and Ferformance Time tests, seem to\differ also in
verbal and nrocticel tests 2nd in the simnle scholestic
attoinments such 2s an 2bility to resd =nd write. It bes
been decided to commare the results of the nrecticel =2nd verbel
tests obtained previously with both grouvs. The scholestic
attainments of those two groups were assessed by mesns of -
very simple test., The verbal test employed by the writer was
the Revised Stanford-Binet Intelligence Scale, Form L. The
I.Q's obtained with both rroups are given in the table below.

The practical test used ves the .Alexander Performence Scele.

It is, however, impossible to give the results of this test in

the form of P.A.R.'s (Fractical Ability Retio) for the whole of
the subjects 2s only 13 subjects were testeble bv this test in
Grovp I end 54 in Groumn IT. vy stetisticsl comn-rison betreen
the P,A.R."=s oht~ined with hoth Grouns seem to be difficvlt 2nd
conclusions drewn from it onlv approximete. Because of this, it
was decided to use the raw score obtained by each subject in the
practical test, irrespective of whether his P.A.R. could be
crlculated from it or not. Results of the practiczl test
recorded in the form of rew scores Are liable to interpret?tibn'
by the use of simnle stetistic2l methods., It should be mentioned
that in order to obtzin P.A.R. every femele subiect has to score
2t least 51, and each male subject 2t least 58 on the trree sub-
tests of which the Alexander test is comnosed. In the teble
below are given I.G's obt2ined by each subject on a verbel ftest,
and the raw score on 2 practical test. "x" denotes those sub-
jects whose raw scores could be changed into P.A.R.'s, "-" denotes

those sub jects whose raw scores were below testable limit.
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Results of the verbal end practical tests obteined with Gronn I

(mental defective subjects, who were unable to draw =n obtrse

-

angle),
1 I.6. ! Alexander Performance Sceale !
¢« Nr, of "Revo Stanford- ! Raw Score ! x testable !
+ subject Binet Intellisence ' - untestable !
' Scale, F.L. ! ' !
' ! ! ! '
[} 1 ! 44 ! 79 ! X !
' 2 ' 46 ! 18 ! - !
' 3 t 41 ! 14 ! - !
' 4 ' 44 ! 108 ! x '
' 5 ' 47 ! 20 ! - !
' 6 ' 43 ! 18 ' - '
' 7 ' 39 ! 20 ! - !
' 8 ' 47 ! 49 ! - !
' 9 ' 44 ' 19 ! - !
' 10 ! 44 ' 48 ! - '
' 11 ' 47 ! 23 ! - !
1 12 ' 40 ! 28 ! - !
' 13 ' 38 ! 44 ! - !
' 14 ' 43 ' 20 ! - '
' 15 ' 38 ' 45 ! - '
v 16 ' 46 ! 58 ! X !
1 17 ' 44 ! 73 ! p'g !
v 18 ' 41 ! 54 ! - !
v 19 ' 43 ' 4 ! - !
¢+ 20 ' 39 ! 10 ! - !
v 21 ' 49 ! 83 ! X !
v 22 ' 39 ! 8 ! - '
v 23 ' 40 ! 60 ! X !
v 24 ' 44 ! 10 ! - !
y 25 ' 47 ' 83 ! X !
v 26 ! 42 ! 20 ! - '
' 27 ' 42 ! 25 ! - '
¢ 28 ! 38 ! 30 ! - !
' 29 ' 42 ! 50 ! - !
v 30 ' 48 ! 54 ! - '
¢ 31 J 46 ' 18 ! - '
v 32 ' 45 ! 20 ' - '
y 33 ' 39 ! 16 ' - !
v 34 ' 49 ! 105 ' ~r Y
v 35 ' 41 ! 18 ' - '
v 36 ' 43 ' 89 ! X !
v 37 ' 42 ! 38 ' - '
v 38 ' 41 ' 17 ' - '
v 39 ' 41 ! 16 ! - !
y 40 ' 49 ! 30 ! - '
v 41 ' 48 ' 24 ' - !
r 42 ' 38 ! 4 ' - '
t 43 ! 42 ' 17 ! - !
' 4:4: ' 43 1 87 1 X 1
v 45 ' 41 ' 25 ' - '
v 46 ' 42 ' 30 ! - !
v 47 ' 42 ' 19 ' - 1
v 48 ! 44 ! 36 1 - 1
v 49 ! 42 ' 78 ! < '
1 50 ' 41 ! 15 ! - !
' 51 ' 41 4 12 1 - t
+ 52 ! 46 ! 17 ! _ '
1 53 ' 43 ! 15 ! - 1
t 54 ' 38 ! 23 ' - '
+ 55 ' 41 ' 17 ' - '
¢ 56 ' 39 ! 67 ! X '
. 57 ' 4:6 4 59 1 x i
1 58 ' 4] ! 20 ' - !
1 59 ! 41 ! 14 ! - !
. 60 ' 59 1 20 1 _ 1
. ' A\ ] 1
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Results of the verbal snd performance tests obtsined with Groun 1T,

(Mentallydefective subjects who were able to draw an obtuse engle).

! ' I.Q.

. Alexander Performance Sc-le
'Nr. of +Rev. Stenford-

t

1

t [

'subject rBinet Intelligence ! Raw Score ' x testable '

! + Scale., F,L. ! ' - untestable

t ' 1 1 1

! 1 1 43 ' 137 ! X '

" 2 ' 49 ! ¥ ' X !
! 3 1 46 ! 93 ! X '

! 4 ' 39 ' 25 ' - '

! 5 ' 49 ! 80 ! X '

! 6 ' 56 ' 44 ! - !

' 7 ' 50 ' 126 ! X t

! 8 1 52 ' 61 ! X J

! 9 ' 49 ! 48 ! - '

' 10 ' 48 ! 109 ! X !

o1l 1 48 ' 112 ! X !

vt 12 1 51 ! 67 ' X '

vo13 1 51 ' 128 ! X '

'o14 1 51 ' 99 ! X '

' 15 ' 48 ! 93 ! X '
' 16 1 57 ! 37 ! - !
vto1y ' 46 ! 120 ! X '
' 18 ' 44 ! 93 ! X '
'o19 1 50 ! 95 ! X '
' 20 ' 54 ! 58 ' X '
21 1 56 ' 155 ! X '

v22 ' 53 ! 99 ! X '

' 23 t 50 ! 142 ! X !

to24 ' 47 ! 118 ! X '
' 25 ! 48 ! 60 ! X !

v 26 ' 43 ! 59 ! X \
'oav 1 39 ! 65 ! X '
! 28 | 51 ! 99 ! b4 t
29 t 49 ' 65 ! X '
' 30 1 56 ' 136 ! b !
'3l ' 57 ! 124 ! X '
v32 ' 56 ! 125 ! X !
v33 ' 48 ! 155 ' X '
v 34 ' 48 ' 102 ' X J
'35 ' 50 ' 100 ! b3 '
' 36 ' 41 ! 63 ' x '
v 3y ' 54 ! 103 ! X '
' 38 t 49 ! 90 ! x Y
'39 ' 56 ! 108 ! X t
' 40 ' 51 ! 117 ! X '
4] ' 42 ! 52 ! - '
vo42 ' 47 ! 127 ! X '
! 43 ' 51 ! 132 ! X !
! 44 ' 51 ' 87 ! X 1
' 45 ' 57 ' 143 ' X !
' 46 ' 47 ' 111 ! X !
'ooan ' 48 ! 40 ! - !
' 48 ' 48 ' 66 ! X '
'49 ' 49 ! 111 ! X '
' 50 ' 56 ' 103 ' x '
' Bl ' a8 ! 14 ' - '
' 52 ' 46 ! 78 ! X !
! 53 ' 44 ' 93 ' X 1
! 54 ' 56 ! 108 ! X '
' 55 ' 54 ! 120 ! X !
' 56 ! 42 ! 74 ! X !
't gy ' 49 ! 68 ! X !
' 58 1 52 ! 111 ! X '
' 59 ' 51 ! 102 ' % '
' 80 ' 54 ' 89 ' X '
t ' ' t 1
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Results of the scholastic attainments test.

t * 1 ‘_1-
! ' Group I ' Group II !
t \ 1 1
! Number of subjects ! 60 ! 60 !
t ] ] 1
1 1 1 1 T
' '*Can read text ! 1 ' 24 !
t 1 ! ] t
] t t 1 ]
' g 'Can read simple words and ! 6 ! 7 !
' o 'short sentences. ! ! !
' ' ' 1 v
v " 1Can read single separate ' 6 ' 4 !
' O twords., ! ! '
! @ ! ' ' t
' o 'Can recognize letters ! 3 ! 2 !
1 m' 1 ! 1
] 1 | t t
! *Cannot even recognize t 44 \ 23 !
! 'letters ' ! !
1 1 t 1 1
! 'Can write t 0 ! 26 !
] 1 t ] 1
) 1 . t 1 |
! 'Can write name only ' 8 ' 10 !
1 QD' t | 1
] ] ] ] t
o i
! '*Can print name only ' 22 ' 17 t
1 i I} 1 t '
t FLI 1 1 [}
' . 'Cen print some letters ' 3 ! 0 !
1 \i ] t t
[

1 Bl t ] 1
' 'Cannot even print letters ' 27 ' 7 !
] 1 1 1 ]
Summary.

In this chapter methods of selection of the three
groups participating in the main experiment, instruments used
and procedures applied are described. The results of the
Pressure, Performance Time, Drawing, Verbal and Performance
tests and also the Simple Scholastic Attainments test obtained
from two groups composed of mentally defective subjects are
given. Only the results of the Pressure and Performance Time
tests are given in the case of the third group composed of
nursing staff, as it was assumed that all subjects in this

group could read, write and draw simple geometrical figures.




CHAPTER VI,

STATISTICAL INTERPRETATION OF WHE RESULTS OBTAINED.

<

The purpose of the present chapter is two-fold:
(a) to see whether the difference between the means of various
tests, obtained with three different groups of subjects, is
statistically significant, and
(b) to find out whether there is any correlation between the

results of various tests within the same group.

The differences between the means for the Simple
Reaction Time and Pressure and Performance Time tests were
investigated firstly, between the two groups consisting of
mental defectives and secondly, between the higher grade group

of mental defectives and the group made up of nursing staff.

It was only possible to investigate the difference
between the mesns for verbal and practical tests between the
two groups composed of mentally defective subjects, as these

tests were only carried out with these two groups.

The results of other tests obtained with two groups
of mental defectives, as for example the drawing of various
angles and a diamond, the ability to improve drawing by
practice, the tendency for each suécessive drawing to decrease
in size and scholastic attainments tests were not investigated
statistically, but these results differ so strikingly in both
groups, that the statistical evaluation of them would appear
to be superfluous. The ability of the normal group to draw,
read and write was not investigated since the results of nurses

examinations gave no cause for doubt in this matter.

The significant difference between the means of
various tests was calculated by the usual statistical method.

Correlation between the results of various tests was calculated
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by r (product-moment correlation). Applying the null hypo-
thesis, a correlation (r) of up to 0.253 mey occur 5 times in
100 or r of up to 0.332 once in 100 from errors and fluctuations
of sampling when N is 60, Clearly any value of r which falls
between 0.253 and 0,332 is significant at 5% level, end r of

0.333 and over at 1% level of confidence for N<60.

Somé of the items such as the standard deviation and
the mean, which are necessary for the calculation of r, were
taken from the first part of this chapter dealing with the
calculation of the significant difference between various means,
In one instance, when calculating r between various tests within
the group composed of nursing staff, it was necessary to
calculate the standard deviation and the mean anew, because of a
difference in the number of subjects of this group taking part
in the S.R.T. experiment (70 subjects), and in the Pressure and
Performence Time experiment (60 subjects). For the purpose of
calculating the correlstion between different variables, the
results of ten subjects were eliminated from the record 1list
giving the results of the S.R.T. test of staff. The elimina-
tion was carried out in the following way: the five best and
the five worst results of the S.R.T. were omitted from the
original list given in Chapter IV and subsequently because of
the change in number of subjects, all other items had to be

calculated anew,

There is another point which it seems necessery to
explain, i.e. the approximation to 1/3 of a second accepted in
the Performance Time test. This was chiefly determined by the
1ihitation of the Electric Time Clock which was recording
performance time below pressure curves in the form of dashes
corresponding to 2/3 and 1/3 of a second. If the vertical
line drawn from the end of the pressure-curve cut off half or
more than half of the dash representing 1/3 of a second, then
1/3 of a second was added to the performance time. If it cut

off le ss than half of the dash, then nothing was added. As
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540 trials were carried out altogether, the total result of
the performance time for each group should not be greatly
affected by this approximation. Moreover, possible errors
made by adding or subtracting 1/3 of a second seem to be
proportionally negligible as the time to draw each angle

lasted usually several seconds.
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Difference between means.

Group I

t t X 1 X" U
'Nr of subject' (Simple Reaction Time)' '
! ! in milliseconds ' !
] ) t 1
' 1 ! 407 ! 165649 '
! 2 ' 366 ! 133956 '
! 3 ! 952 ! 906304 '
! 4 ! 283 ' 80089 '
! ) ! 301 ' 90601 '
! 6 ' 399 ! 159201 '
! 7 ' 303 ! 91809 '
! 8 ' 250 ! 62500 '
! 9 ! 537 ! 288369 '
' 10 ' 271 ! 73441 '
' 11 ! 299 ! 89401 '
' 12 ! 362 ! 131044 !
' 13 ' 372 ! 138384 '
! 14 ! 302 ' 91204 !
! 15 ! 474 ! 224676 !
' 16 ' 291 ' 84681 !
' 17 ' 563 ! 316969 !
! 18 ! 342 ' 116964 !
! 19 ! 359 ' 128881 !
' 20 ' 394 ! 155236 '
' 21 ' 515 ! 265225 !
' 22 ! 327 ' 106929 !
' 23 ! 452 ! 204304 !
' 24 ' 307 ! 94249 !
! 25 ! 491 ! 241081 '
! 26 ! 333 ! 110889 '
! 27 ! 347 ! 120409 !
! 28 ! 711 ' 505521 '
! 29 ' 594 ' 352836 !
! 30 ' 609 ! 370881 !
! 31 ' 387 ! 149769 !
! 32 ! 628 ! 394384 !
! 33 ! 642 ! 412164 !
' 34 ! 518 ! 268324 !
! 35 ! 452 ' 204304 !
' 36 ! 316 ' 99856 !
' 37 ' 682 ' 465124 :
' 38 ' 342 ! 116964

1 39 ' 300 ' 90000 !
1 40 ' 546 ' 298116 !
] t t
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Difference between means.

Group I
continuation.
1 1 X 1 N 1
'Nr of subject '(Simple Reaction Time) ! X '
! ' in milliseconds ! !
] 1 11! |
1 ? 1 1
' 41 ' 297 ' 88209 !
t 42 ' 412 ' 169744 !
' 43 ' 273 ' 74529 !
' 44 1 520 ' 270400 !
' 45 v 567 ' 321489 :
' 46 ' 486 ! 236196 '
! 47 ' 383 ! 146689 !
! 48 ' 392 ' 153664 '
' 49 ' 312 ! 97344 !
! 50 ! 323 ! 104329 !
' 51 ' 316 ! 99856 '
' 52 ' 517 ' 267289 !
! 53 ! 364 ' 132496 !
' 54 ' 358 ' 128164 !
' 55 ' 666 ' 443556 !
! 56 ! 575 ! 330625 '
' 57 ' 459 ' 210681 !
' 58 ! 512 ' 262144 !
' 59 ' 367 ! 134689 !
! 60 ' 365 ! 133225 '
t t [ 1
N = 60 S(X)=25795 S(X)] = 12206006
| _ sk _ 25T p29.9/6
Mean = X = v = So
. S(X®) -1 ,2206006 2
Variance =y =0 = — - X =0 ’_(ﬂ?'m%/:

= /9705, 1504 -




Difference between means.

Group II.

t 1 X *

'Nr of subjct '(Simple Reaction Time)' x*
v ! in milliseconds

t t 1

] ] t

! 1 ! 195 ! 38025
! 2 ! 259 ! 67081
! 3 ! 250 ! 62500
' 4 ! 231 ! 53361
! S ! 232 ! 03824
! 6 ! 199 ! 39601
! 7 ! 240 ! 57600
! 8 ! 293 ! 85849
! 9 ! 172 ! 29584
! 10 ! 238 ! 56644
! 11 ! 252 ! 63504
! 12 ! 214 ! 45796
! 13 ! 194 ! 37636
! 14 ! 272 ! 73984
' 15 ! 214 ! 45796
! 16 ! 276 ! 76176
! 17 ! 279 ! 77841
! 18 ! 288 ! 82944
! 19 ! 254 ! 64516
! 20 ! 226 ! 51076
' 21 ! 250 ! 62500
! 22 ! 331 ! 109561
! 23 ! 230 ' 52900
! 24 ! 311 ! 96721
! 25 ! 307 ! 94249
' 26 ' 237 ! 56169
! a7 ! 304 ! 92416
! 28 ! 169 ! 28561
! 29 ! 308 ! 94864
! 30 ! 207 ! 42849
! 31 ! 257 ! 66042
! 32 ! 293 ! 85849
! 33 ' 258 ! 66564
' 34 ' 290 ! 84100
! 35 ! 225 ! 50625
' 36 ! 191 ! 36481
' 37 ! 205 ' 42025
! 38 ! 274 ' 75076
' 39 ! 192 ' 36864
! 40 ! 354 : 125316
\ '

. 4 4 4 4 4 e 4 @ @ @ W @ 4 4 @ + P e 4 w ® =+ @ @+ 4 @+ - @4 @ @ + 4 4 - - - - 4 * 4 =y 4 - -

70
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Difference between means.

Group 1I

continuation. |
|
|
|

1 1] X ] t
'Nr of subject '(Simple Reaction Time) ' x* '
' ! in milliseconds ! !
1 1 ! t
t ] 1 | 4
' 41 ! 178 ' 31684 !
! 42 ' 209 ! 43681 '
! 43 ! 174 ' 30276 !
! 44 ' 266 ! 70756 '
' 45 t 235 ! 55225 '
! 46 ' 286 ! 81796 '
! 47 ! 210 ! 44100 '
! 48 ! 272 ! 73984 '
! 49 ! 194 ! 27636 !
' 50 ! 165 ! 27225 !
' ol ' 241 ! 58081 '
' 52 ! 265 ! 70225 !
' 953 ' 182 ! 33124 !
' o4 ! 213 ' 45369 !
! o5 ! 213 ' 45369 '
' 56 ' 289 ' 83521 '
' 57 ' 278 ' 77284 '
' 58 ' 176 : 30976 '
' 59 ' 295 ' 87025 '
' 60 ' 228 ' 51984 '
] t 1] ]
N=60 S{X) = 14550 S(X)=3642395
5(X 14

Mean = X = /\(/') = ;;fa — 242.5;

. x 2 - 642575 z 0. 3373 ;
Variance =p=4 "= ';,( / e JHEE o — (2.9 = 1552 ’

—

Difference between means (Group I and Group II) =

=X —X, = H29.9/66 —242.5 = /57 4766,

Standard error of difference ==£Iri- .t /C;gbf75b“*h£ﬁ’lﬁ3'—
s f' &
s A
= V357.258 = /8747,

Critical ratio = X — X2 = 187 4766 . 787/5 J;o ot/ /C’W/..
Sic.f.dﬁ‘ /5. 747




Difference between means.

Group of nursing staff,

'

X

? t [}
tNr, of subject ' (Simple Reaction Time) ° x+ '
t ! in milliseconds ' !
) 1 | ]
1 ' 1 A\
! 1 ' 147 ' 21609 !
! 2 ' 182 ' 33124 '
! 3 ' 197 ! 38809 !
' 4 ' 212 ! 44944 '
! 5 ' 167 ' 27889 '
' 6 ! 180 ' 32400 !
\ 7 ! 171 ' 29241 !
' 8 ! 144 ' 20736 !
' 9 ' 182 ' 33856 !
' 10 ! 142 ' 20164 '
! 11 ! 159 ' 25281 '
! 12 ' 191 ' 36481 !
! 13 ' 169 ' 28561 '
' 14 ' 177 ! 31329 !
' 15 ' 178 ' 31684 '
' 16 ' 167 ' 27889 '
' 17 ! 197 ' 38809 '
' 18 ' 180 ' 32400 '
' 19 ' 149 ' 22201 !
' 20 ' 163 ' 26569 '
' o1 ' 165 ' 27225 '
' 55 ' 181 ' 32761 '
' 23 ' 218 ' 47524 '
' 24 v 254 ' 64516 !
! 25 ' 172 ' 29584 '
' 26 ' 184 ! 33856 '
' on ' 160 2 25600 '
' 8 ' 170 ' 28900 '
' 29 ' 167 ' 27889 '
' 30 ' 156 ' 24336 !
' 31 ' 164 ' 26896 !
' 32 ' 182 ' 33124 !
' 33 ' 134 ' 17956 !
' 34 ' 155 ' 24025 '
! 35 ' 232 ' 53824 !
' 36 ' 188 ' 35344 !
' 37 ' 190 ' 36100 !
' 28 ' 214 ' 45796 '
' 39 ' 210 ' 44100 '
' 40 ' 195 ' 38025 !
' 41 ! 218 ' 47524 !
' 42 ' 165 ' 27225 !
' 43 ' 191 ' 36381 !
' 44 J 215 ' 46225 !
' 45 ' 171 ' 29241 :
1 1 4 1

72
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Difference between means.

Group of nursing staff.

continuation.
1 % X 1 2 \
'Nr of subject' (Simple Reaction Time)* X '
' ! in milliseconds ' v
7 ? ? )
? 1 % )
¢ 46 ’ 203 ' 41209 '
! 47 ! 154 ' 23716 '
v 48 ¥ 183 ' 33489 '
! 49 ! 189 ! 35721 '
! 50 ' 176 ! 30976 '
! 51 y 217 ! 47089 '
! 52 ! 184 ! 33856 f
! 53 ! 190 ! 36100 '
' 54 ! 198 7 39204 '
! 55 ¥ 249 ! 62001 !
v 56 ! 200 ! 40000 '
' 57 ' 168 ' 28224 f
’ 58 ' 203 ! 41209 !
! 59 f 224 ! 50176 !
! 60 ! 156 ! 24336 !
¥ 61 ! 183 ! 33489 v
v 62 ! 128 ! 16384 '
¢ 63 ! 181 ! 32761 '
! 64 i 181 ' 32761 '
¢ 65 ! 204 ! 41616 !
' 66 ! 175 ' 30625 '
' 67 ! 149 ! 22201 '
v 68 ! 199 ! 39601 !
! 69 ! 175 ! 30625 '
f 70 ! 165 t 27225 !
T ) 1 1
N = 70 S(X) = 12731 S(Xf= 2361637
-2 SO _ /LT3 . 1878774
Mean =4 = v “Ho
Z

L sy _gr 23837 (151 87%) = 660. 4657,

Variance=p =0 = —_— 70

Difference between means (Group II end Group.of nursing

Staff) = X, X, =242 . 5— 1§/ §71¥ = 60,6256

Standard error of difference = '/4;_/'+§£ = [660.4617 L 1850, 55
‘ 2 -

7o 6o

Critical ratio= X —*4» _ 60.62%¢

J e.7l dt/y 6346

- 95538 f,/ at 1% level.
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Difference between means.

Group I

| | t X ] 2 ]
'Nr of subject'(Sum of pressures for' X !
' ' the three angles) ! '
! ' in squaere inches. ' '
1 ] ] 1
? 1 ] t
! 1 ! 16 17 ! 261 4689 !
' 2 ! 6 67 ! 44 4889 !
' 3 ' 9 09 ! 82 6281 '
' 4 ' 13 88 ! 192 6544 !
! 5] ! 17 02 ! 289 6804 !
' 6 ' 10 45 ! 109 2025 !
! 7 ! 7 05 ! 49 7025 !
! 8 ' 4 74 ! 22 4676 !
' 9 ' 22 29 ! 496 8441 !
' 10 ! 9 14 ! 83 5396 !
' 1l ! 9 68 ! 93 7024 '
! 12 ! 23 13 ' 534 9969 !
' 13 ' 28 26 ' 798 6276 !
' 14 ' 29 32 ! 859 6624 !
! 15 ! 19 88 ! 395 2144 !
! 16 ' 11 32 ! 128 1424 !
! 17 ' 12 29 ! 151 0441 !
! 18 ! 10 24 ! 104 8576 !
' 19 ! 9 56 ! 91 3936 !
' 20 ' 22 53 ' 507 6009 !
' 21 ' 10 27 ! 105 4729 !
' 22 ' 15 04 ! 226 2016 !
' 23 ! 24 72 ! 611 0784 !
! 24 ' 9 70 ' 94 0900 '
! 25 ! 17 35 ! 301 0225 !
' 26 ' 20 73 ! 429 7329 '
' 27 ' 8 99 ! 80 8201 !
' 28 ! 22 54 ! 508 0516 '
' 29 ' 20 86 ! 435 1396 !
' 30 ! 39 08 ! 1527 2464 !
' 31 ' 14 72 ' 216 6784 !
! 32 ' 15 37 ! 263 2369 !
' 33 ' 10 75 ! 115 5625 !
' 34 ! 9 71 ! 94 2841 !
' 35 ! 32 55 ' 1059 5025 '
! 36 ! 12 68 ! 160 7824 !
! 37 ! 6 40 ! 40 9600 !
' 38 ! 22 96 ! 587 1616 '
' 39 ! 6 72 ! 45 1584 '
! 40 ! 20 40 ! 416 1600 !
1 1 ] \]




Group I.

continuation.

Difference between means.

] t X 1
! ' (Sum of pressures for L
'Nr of subject' the three angles) ! X
' ' in square inches. '
t 4 t
t 1 ]
! 41 ' 30 00 ' 900 0000
! 42 ' 19 20 ' 368 6400
' 43 ' 16 41 ' 269 2881
! 44 ' 13 63 ' 185 7769
' 45 ' 13 16 ' 173 1856
' 46 ' 7 42 ' 55 0564
! 47 ! 22 45 ' 504 0025
' 48 ! 16 13 ' 260 1769
' 49 ' 11 41 ' 130 1881
' 50 ' 10 91 ! 119 0281
' 51 ' 5 66 ' 32 0356
' 52 ' 7 59 ! 57 6081
' 53 ' 9 40 ' 88 3600
' 54 ' 51 62 ' 2664 6244
' 55 ! 12 53 ! 157 0009
' 56 ' 8 41 ' 70 7281
' 57 ' 11 64 ' 135 4896
' 58 ' 13 42 ' 180 0964
' 59 ' 8 12 ' 65 9344
' 60 ! 21 95 ' 481 8025
1 ] 1

N =60 S(X) = 945,31 S(X9=19428.2847

S(X) 945 31
Mean _ — 15.7581
N 60
s(X) 19428 2847 .
vt i __ X ="75.5816

Variance;ﬂ:Ft_

60

75
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Difference between means.

Group II

1 t X t

' '(Sum of pressures for ! e
'Nr of subjects' the three angles) ! X

! ' in square inches. '

1 1 \

1 1 T

! 1 ! 1l 83 ! 3 3489
' 2 ! 3 97 ! 35 6409
! 3 ! 9 71 ! 94 2841
' 4 ! 1 08 ! 1 1664
! o) ! 8 01 ! 64 1601
' 6 ! 3 84 ! 14 7456
! 7 ! 2 18 ! 4 7524
! 8 ! 13 05 ! 170 3025
' 9 ' 3 68 ! 13 1769
! 10 ! 7 04 ! 49 5616
! 11 ! 4 96 ! 24 6016
! 12 ! 2 63 ! 6 9169
' 13 ! 3 20 ! 10 2400
! 14 ' 2 35 ! 5 5225
! 15 ' 3 04 ! 9 2416
! 16 ! 2 47 ! 6 1009
! 17 ! 2 82 ! 7 9524
' 18 ! 4 84 ! 23 3289
! 19 ! 3 39 ! 11 4921
' 20 ! 8 39 ! 70 3921
! 21 ' 128 ! 1 6384
! 22 ! 7 40 ! 54 7600
! 23 ! 7 61 ! 57 9121
! 24 ! 10 01 ! 100 2001
! 25 ' 9 18 ! 84 2724
! 26 ! 6 8l ! 46 3761
' 27 ! 2 28 ! 5 1984
' 28 ! 4 12 ! 16 9744
! 29 ! 6 49 ! 42 1201
! 30 ! 2 27 ! 5 1529
! 31 ) 3 76 ! 14 1376
! 32 ! 3 74 ' 13 9876
! 33 ! 3 04 ! 9 2416
! 34 ! 2 17 ! 4 7089
! 35 ! 4 56 ! 20 7936
! 36 ! 1 00 ' 1 0000
! 37 ! 5 05 ! 25 5025
! 38 ! 3 27 ! 10 6929
' 39 ' 1l 98 ! 3 9204
! 40 ' 0 60 ! 0 3600
] 1 t
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Difference between means.

Group II
continuation,
] \ X T '
? "(Sum of pressures for' " '
'Nr of subject' the three angles) i X '
! ' in square inches., ! !
? ¢ ? t
? ? ) ]
' 41 ! 8 19 ! 67 0761 !
' 42 ! 2 71 ' 7 3441 '
! 43 ! 2 97 ! 8 8209 !
v 44 ! 1 30 ! 1 6900 !
' 45 ! 8 71 ' 75 8641 !
! 46 ’ 2 46 ! 6 0516 !
! 47 ! 117 ! 1 3689 !
! 48 ! 4 98 ! 24 8004 7
! 49 ! 2 35 ! 5 5225 !
' 50 ! 1 50 ' 2 2500 !
! 51 ! 2 51 ! 6 3001 !
' 52 ! 4 09 ! 16 7281 !
I 53 ! 6 24 ! 38 9376 !
! 54 ! 1 31 ? 1 7161 !
! 55 ' 10 75 i 115 5625 !
! 56 ! 3 07 ! 9 4249 !
! 57 ! 3 20 K 10 2400 !
! 58 ! 2 36 ! 5 5696 !
! 59 ! 10 38 i 107 7444 !
! 60 ' 3 35 ' 11 2225 '
? t ? 1
N = 60 S(X) = 264.64 S(XT = 1670.1128
_  S(Xx) 264.64
Mean = X _ —_— — 4.4106
- —
60
s(X)
Variance.: 5. 1670,1128 _y*_— 8.3819
N 60

Bifference between means (Group I and Group II) =

= /( —& = 1877837 — 4% = /], J44S;

Standard error of difference = /__ . r‘ -,/ 75—5-;,5_,33;//7
V,
= ‘/ 1.3993 = 11827

e R=dy L NIYHE S0 at 1) level .
Critical ratio = = = 2.2
Seqap  ros2y ~ RT70% ]
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Difference between means.

Group of nursing staff.

1 ] - X '

! *(Sum of pressuresfor’ 2
'Nr of subject' the three angles) ' X

! ' in square ineches. '

1 \ \)

\ 1 \

! 1 ! 3 59 ! 12 8881
! 2 ' 3 45 ! 11 90286
! 3 ! 114 ! 1 2996
! 4 ! 1235 ! 1 5625
! o ' 161 ! 2 5921
! 6 ! 112 ! 1 2544
! 7 ! 0 91 ! 0 8281
! 8 ! 7 82 ! 61 1524
! 9 ! 175 ! 3 0625
! 10 ! 5 03 ! 25 3009
! 11 ! 3 25 ! 10 5625
! 12 ! 7 73 ! 59 7529
' 13 ! 128 ! 1 6384
' 14 ! 1 77 ! 3 1329
! 15 ! 3 17 ' 10 0489
! 16 ! 152 ! 2 3104
! 17 ! 2 09 ! 4 3681
! 18 ! 2 695 ! 7 0225
! 19 ! 4 63 ! 21 4369
! 20 ! 3 32 ! 11 0224
! 21 ! 2 90 ! 8 4100
' 22 ' 6 08 ! 36 9664
! 23 ! 6 93 ! 48 0249
! 24 ! 125 ! 1 5625
! 25 ! 3 17 ! 10 0489
! 26 ! 3 18 ! 10 1124
! 27 ! 7 12 ! 50 6944
! 28 ! 0 82 ! 0 6724
' 29 ! 2 89 ! 8 3521
' 30 ! 3 63 ! 13 1769
! 31 ! 1 85 ! 3 4225
! 32 ! 4 03 ! 16 2409
' 33 ! 2 98 ! 8 8804
' 34 ! 1 67 ! 2 7889
! 35 ! 116 ! 1 3456
! 36 ! 1 55 ! 2 4025
' 37 ! S 47 ! 29 9209
! 38 ! 1 03 ! 1 0609
' 39 ' 8 03 ! 64 4809
! 40 ! 5 71 ! 32 6041
R 1 \

*® Tt * s e 8 % W4 % % W % . % 8 4 4 % 4 @ w 4 e 4 @ @ ® % ® @ 4 & @ @ @ 4 w4 ® o o @ w - ® - -
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Difference between means

Group of nursing staff.

continuation.
? 1 X . \ 1
k "(Sum of pressures for' N '
'Nr of subject' the three angles) ! X :
? ' in square inches ! !
¢ 1 1 t
] ] A T 9
! 41 i 2 33 ! 5 4289 !
! 42 ! 2 12 ! 4 4944 !
! 43 v 4 01 ! 16 0801 '
! 44 ! 3 51 ' 12 3201 !
! 453 ! 0 66 ! 0 4356 !
! 46 ! 0 60 ! 0 3600 !
? 47 ! 4 76 ! 22 6576 '
! 48 ! 4 64 ! 21 5296 !
! 49 ! 6 28 ! 39 4384 !
! 50 ' 2 27 ! 5 1529 !
! 51 ! 2 11 ' 4 4521 '
! 52 ! 4 21 ! 17 7241 !
; 53 ! 3 01 ' 9 0601 !
! 54 ! 2 31 ! 5 3361 !
! tots} ! 1 39 ! 1 9321 !
' 56 ! 0 43 i 0 1849 !
' 57 ! 2 89 ! 8 3521 !
! 58 ! 9 57 ! 91 5849 '
? 59 1 0 51 ' 0 2601 !
! 60 ' 2 83 ! 8 0089 '
T ¥ ¥ ?
" N=160 S(X)=190.97 S(X) = 879.1005
. 8(Xx) 190.97
Mean =X _ —_ — 3.1828
N 60
s(X) |, 879.1005 \
Variancezﬂzg; - — X — 4.5214

N 60

Difference between means (Group II and Group of nursing staff)=

Standard error of difference -/ //d’f&’/? r4E21Y _
"7

= / 0.2/75 = J, 9‘63’71 60

Critical ratio = 7*;:"7_ = L2278 = 1222%8

= lev,
J.e.7d:7/. O 4638 0‘/6}5 ,264/72 f/?"'/] Ce/
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| Group I

/00
Difference hetween means.
t 1 X 1 '
' *(Sum of performance times ' e '
'Nr of subject!' for the three engles) ! X '
' ' to the nearest 1/3 of sec.! '
1 1 ' '
1 t
' 1l ! 28 33 ! 802 5889 '
' 2 ' 29 66 ! 8792 7156 !
' 3 ' 29 00 ! 841 0000 !
' 4 ' 25 33 ! 641 6089 '
' 5 ' 22 33 ' 498 6289 '
! 6 ! 22 66 ! 513 4756 !
' 7 ' 27 66 ! 765 0756 !
' 8 ' 25 33 ! 641 6089 '
' 9 ' 47 33 ! 2240 1289 '
' 10 ' 36 66 ' 1343 9556 !
' 11 ! 43 00 ! 1849 0000 '
' 12 ' 40 33 ' 1626 5089 '
' 13 ' 46 33 ' 2146 4689 '
' 14 ' 39 66 ! 1572 8156 '
' 15 ' 25 33 ' 641 6089 '
' 16 ' 41 00 ' 1681 0000 '
! 17 ' 22 66 ! 513 4756 '
! 18 ' 23 33 ! 544 2889 '
' 19 ! 21 66 ' 469 1556 !
' 20 ' 28 66 ! 821 3956 '
' 21 ! 24 00 ' 576 0000 '
! 22 ' 29 00 ' 841 0000 !
' 23 ' 23 33 ' 544 2889 '
' 24 ' 24 00 ' 576 0000 !
' 25 ' 36 66 ' 1319 8689 '
' 26 ' 58 00 ' 3364 0000 '
! 27 ' 20 33 ! 413 3089 '
' 28 ' 32 33 ' 1045 2289 !
' 29 ' 38 00 ' 1444 0000 '
! 30 ' 47 66 ! 2271 4756 '
' 31 ' 29 00 ' 841 0000 !
! 32 ! 26 00 ' 676 0000 '
' 33 ! 20 66 ' 426 B356 !
! 34 ! 21 66 ' 469 1556 '
' 35 ' 42 66 ' 1819 8756 '
! 36 ! 22 66 ' 513 4756 !
' 37 ' 14 33 ' 205 3489 !
' 38 ' 30 00 ! 900 0000 '
! 39 ! 26 00 ' 676 0000 '
! 40 ' 25 66 ' 658 4356 '
1 ] 1 ?
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Difference between means.

Group I.

. W % B e @ @ 4 @ % @ @ = W 4 B @ W@ W w @ . @ e . - -

continuation.

| t X 1

' '(Sum of performance times ! L

'Nr of subject' for the three angles) ! X

! ' to the nearest 1/3 of sec.'

! 1 1

! e A\l

! 41 ! 35 33 ! 1246 2089
! 42 ! 24 66 ! 608 1156
! 43 ! 30 00 ! 200 0000
! 44 ! 26 33 ! 693 2689
! 45 ! 23 66 ! 559 7956
! 46 ! 17 00 ! 289 0000
! 47 ! 28 00 ! 784 0000
! 48 ! 34 33 ! 1178,5489
! 49 ! 37 66 ! 1418 2756
! 50 ! 26 00 ! 676 0000
! 51 ! 18 33 ! 335 2889
' 52 ! 17 00 ' 289 0000
! 53 ! 20 33 ! 413 3089
! 54 ! 31 00 ! 961 0000
' 95 ! 17 66 ! 311 8756
! 56 ! 15 66 ! 245 2356
! o7 ! 19 33 ! 373 6489
! 58 ! 30 66 ! 940 0356
! 59 ! 23 33 ! 544 2889
! 60 ! 40 33 ! 1626 5089
] ] \

N =— 60 S(X) = 1735.00 S(XT= 55011.0078
. . 8(X) 1735
Mean = X — — ——  28.9166

N 60
s(x) 55011.0078
Variance :/1-—6"= -7 = _x =80.6804
N 60
ST

- 8 JAN1957
LIERARY
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Difference between means.

Group II

] ] X 1
! '"(Sum of performance times ! g
'Nr of subject' for the three angles) !

' to the nearest 1/3 of sec.'

]

1 t )

t | 1

! 1 ' 14 66 ! 214 9156
' 2 ! 22 00 ! 484 0000
' 3 ! 20 66 ! 426 8356
' 4 ' 25 66 ! 658 4356
' 5 ! 24 66 ! 608 1156
' 6 ! 13 00 ! 169 0000
! 7 ! 27 00 ! 729 0000
' 8 ! 30 33 ! 919 908¢
' 9 ' 33 33 ' 1110 8889
' 10 ! 33 00 ' 1089 0000
' 11 ' 21 33 ! 454 9689
' 12 ! 31 33 ! 981 5689
! 13 ' 13 66 ' 186 5956
! 14 ! 18 66 ! 348 1956
' 15 ' 17 00 ! 289 0000
' 16 ' 13 33 ! 177 6889
! 17 ! 16 66 ! 277 5556
' 18 ! 19 00 ! 361 0000
! 19 ' 13 33 ! 177 6889
! 20 ! 22 33 ! 498 6289
! 21 ' 26 00 ' 676 0000
' 22 ! 21 00 ! 441 0000
' 23 ! 16 00 ! 256 0000
! 24 ! 19 00 ! 361 0000
' 25 ' 20 00 ! 400 0000
! 26 ! 18 33 ! 335 9889
' 27 ! 19 66 ! 386 5156
' 28 ' 17 66 ! 311 8756
' 29 ! 22 00 ! 484 0000
' 30 ! 12 00 ! 144 0000
! 3l ' 13 00 ! 169 0000
! 32 ! 18 33 ! 335 9889
' 33 ' 8 66 ! 74 9956
! 34 ! 2l 66 ! 469 1556
! 35 ! 13 66 ! 186 5956
! 36 ' 11 33 ! 128 3689
' 37 ' 15 66 ! 245 2356
' 38 ! 15 66 ! 245 2356
' 39 ! 11 66 ! 135 9556
' 40 ' 8 66 ! 74 9956
? 1 ]
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\ Difference between means,

Group II
continuation.
t t X 1 [)
! {Sum of performance times ' v
'Wr of subject'for the three angles) ! X L
v '*to the neesrest 1/3 of sec.’ v
] T ' [}
] t ] ¥
y 41 ' 19 66 ' 386 5156
f 42 ' 22 00 ' 481 0000
' 43 ' 18 66 ' 348 1956 °
' 44 ' 42 33 ' 1791 8289
' 45 ' 16 00 ' 256 0000
, 46 ' 11 00 ' 121 0000
v 47 ' 13 00 ' 169 0000
' 48 ' 21 33 ' 454 9689 !
' 49 ' 10 66 ' 113 6356
' 50 f 9 00 ' 81 0000
' 51 ' 14 33 ' 205 3489
' 52 ' 17 33 v 300 3289
' 53 ' 17 00 ' 289 0000 °
' 54 ' 14 00 * 196 0000 !
' 55 : 28 33 ' 802 5889
' 56 ' 21 66 ' 469 1556
: 57 ' 10 00 ' 100 0000 °
v 58 ' 9 33 ' 87 0489
’ 59 ' 24 66 ' 608 1156 !
° 60 ' 14 00 ' 196 0000 !
1 1 T ?
N =60 S(X) = 1115.535 S(X) = 25484, 6300
_s(x) 1115.353
Mean=X__ - ——  18.5888
N 60
s(x) 23484,63
Variance= y=gi By X5 = 47.3837
N 60
Difference between means (Group I and Group II) =
Fo-X, = 289166 ~18.5488 = 10.3278 ;
Standard error of difference = ;/a',‘ e /7!0 6804 +47.3837 —
- TR
2,344 = /[ 46/;
Critical ratio — A==A. _ 103275 _ 70589 j’i at 1% level .
JSe. of Aff l 46/
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Difference between means,

Group of Nursing staff.

! X

'(Sum of performance times

Nr of subject' for the three angles) X
' to the nearest 1/3 of sec.

66
66
66
66
33
00
33
33
66
66
00
33
33

el )
VOHOPRODOTMUI O N DT~

1
]
|
1
1
\
t
1
1
1
|
]
]
]
\)
1
?
\]
?
'
t
]
t
' 18
t
?
?
t
t
?
t
t
t
|
!
1
!
t
4
1
t
1
1
1
1
]
1

]

!
1 ! 18 66
2 ! 12 00
3 ! 9 00
4 ! 10 66
) ' 7 66
6 ' 11 66
7 ! 6 66
8 ' 18 00
9 ! 5 00
10 ! 14 00
11 ' 16 33
12 ! 7 66
13 ! 9 33
14 ! 8 00
15 ' 9 33
16 ! 9 66
17 ! 21 33
! 15 66
19 ! 28 66
20 ! 13 66
21 ! 7 66
22 ! 27 66
23 ! 17 33
24 ! 66
25 ! 00
26 ! 66
27 ' 14 00

\

?

!

!

t

t

!

!

|

1

]

]

!

4




Difference between means.

Group of nursing staff.

/05

—-o—o<--.n—-o..-.q--o-.-<-—-.—n-.-—n

continuation,
1 1 X t
! '(Sum of performence times ' 2
'Nr of subject' for the three angles) ' X
' ' to the nearest 1/3 of sec.'
t 1 |
? ] ]
! 41 ' 6 66 ' 44 3556
' 42 ! 11 33 ! 128 3689
! 43 ! 10 33 ! 106 7089
! 44 ! 10 00 ! 100 0000
! 45 ! 8 33 ! 69 3889
' 46 ! S 66 ! 32 0356
' 47 ! 16 66 ! 277 5556
' 48 ' 16 33 ' 266 6689
' 49 ! 14 33 ! 205 3489
' 50 ! 20 00 ! 400 0000
! sl ' 8 33 ! 69 3889
! 952 ! 13 00 ! 169 0000
' 93 ! 21 33 ! 454 9889
' 54 ! 12 66 ! 160 2756
! 55 ! 13 33 ' 177 6889
! o6 ! 4 66 ! 21 7156
! 57 ! 8 33 ! 69 3889
! o8 ' 22 00 ! 484 0000
' o9 ! 7 00 ! 49 0000
! 60 ! 8 33 ! 69 3889
t ] \]

N = 60 S(X) — 698.33 S(X9=9860.4080

_8(x) 698. 33
Mean = X _ —_ — 11.6388
N 60
s(X] 9860.4080
Variancesy=¢L 7= _y == 28.8785
N 60 -

Difference between means (@Group II and Group of nursing staff) =

/2

= A, - X, = 185588 —1.6388 = 6. 95

Standard error of difference:[__—oT,_
», N,

[ 2.

127/
X —A

ui(w% e

—

Critical ratio

58785+ 473837 _

6o

_ 635 J,’o at | % level .
T - =4 /66§
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Difference between means.

Alexander Performance Scale.

!
X 1

Nr of subject 'Sum of raw score! x*

T T T
1 1 1]
\] 1 t
1 ' 1 '
1 1 1 '
1 1 t 79 ' '
1 2 1 18 ' '
1 3 ' 14 ' '
' 4 1 108 1 '
' 5 ' 20 1 '
1 6 ' 18 ' '
' n ' 20 1 1
' 8 ' 49 1 1
' 9 ' 19 ' 1
' 10 ' 48 t '
' 11 ' 23 ! !
' 12 ' 28 1 1
t 13 1 44 1 '
! 14 ' 20 ' !
1 15 1 45 ' 1
! 16 ! 58 ' !
' 17 1 n3 t '
! 18 ' 54 ' 1
! 19 ' 4 ' '
! 20 ' 10 ! '
T2 ' 83 ' '
1 22 ] 8 ? ]
' 23 ' 60 ' !
' 24 ' 10 ! '
' 25 ! 83 ! !
' 26 ! 20 ' !
' 27 ' 25 ' !
' 28 ' 30 ! !
' 29 ' 50 ' '
' 30 ! 54 ! '
! 31 ' 18 ' 1
' 32 ! 20 ! !
1 33 ' 16 ' 1
' 34 ! 105 ' '
' 35 ' 18 ' !
' 36 ! 89 ' !
! 37 ' 38 ! !
t 38 ' 17 t '
t 39 ' 16 1 '
1 40 ' 20 ' 1
1 ' ' '




/07

Difference between means.

Alexander Performance Scale.

Group I

continuation.

t 1 1 ]
t t X 14 (]
'Nr of subject' Sum of raw score ! X)' !
1 1 ] ]
\ t b § t
' 41 ' 24 ' 576 '
! 42 1 4 t 16 t
! 43 ! 17 ! 289 !
' 44 ' 87 ' 7569 '
' 45 ' 25 ' 625 '
' 46 ' 30 ' 900 '
' 47 ! 19 ' 361 !
' 48 ) 36 ' 1296 '
' 49 ' 78 ' 6084 '
' 50 ' 15 ! 225 '
' 51 ' 12 ' 144 '
' 52 ' 17 ' 289 !
' 53 ' 15 ' 225 '
' 54 ' 23 ' 529 '
' 55 ' 17 ' 289 '
' 56 ' 67 ' 4489 '
' 57 ' 29 ' 3481 '
' 58 ' 20 ' 400 '
' 59 ' 14 ' 196 '
' 60 ' 20 ' 400 '
? | ? !
N = 60 8(x)=2141 S(xJ=118419
S(X) 2141
~ —_ 35.68
Mean = X =
N 60
, s(xy  _. 119419
Variance =u/= L X - —1273.06 = 700.59

N 80
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Difference between means.

Alexander Performance Scale.

Group II

A

! X

[} 1 1
\l 1 N [}
'Nr of subject' Sum of raw score ' X '
] | ? t
0 t 1 '
! 1 ! 137 ! 18769 '
' 2 ! 67 ! 4489 '
! 3 ' 93 ! 8649 '
! 4 ! 25 ! 625 !
' 0 ' 80 ! 6400 !
' 6 ! 44 ' 1936 !
! 7 ! 126 ! 15876 !
! 8 ! 61 ! 3721 !
! 9 ! 48 ! 2304 '
! 10 ! 109 ! 11881 '
! 11 ! 112 ! 12544 !
' 12 ! 67 ! 4489 !
! 13 ' 128 ! 16384 '
' 14 ' 99 ! 9801 !
' 15 ' 93 ! 8649 !
' 16 ' ki ' 1369 !
v 117 ! 120 ! 14400 !
' 18 ! 93 ! 8649 '
! 19 ! 95 ! 9025 !
! 20 ! 58 ! 3364 !
! 21 ! 155 ! 24025 !
! 22 ! 99 ! 9801 '
' 23 ! 142 ! 20164 !
! 24 ! 118 ! 13924 '
! 25 ! 60 ! 3600 !
! 26 ! 59 ! 3481 '
' 27 ! 112 ! 12544 '
! 28 ' 99 ! 9801 !
! 29 ! 65 ! 4225 !
! 30 ! 136 ! 18496 '
' 31 ' 124 ' 15376 '
! 32 ! 125 ! 15625 !
! 33 ! 155 ' 24025 !
! 34 ! 102 ! 10404 !
! 35 ! 100 ! 10000 !
' 36 ! 63 ! 3969 !
! 37 ! 103 ! 10609 !
! 38 ' 90 ! 8100 !
' 39 ! 108 ! 11664 !
: 40 ! 117 ! 13689 !

A t \
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Difference between means.

Alexander Performance Scale.

Group II.
continuation,
] ! ? 1

1 X t {
'Nr of subject'Sum of raw score ' x* '
[] ? t t
t ? ? ]
' 41 ' 52 ! 2704 '
' 42 ! 127 ! 16129 !
! 43 ! 132 ! 17424 '
! 44 ' 87 ! 7569 '
' 45 ' 143 ! 20449 '
! 46 ! 111 ! 12321 '
' 47 ' 40 ' 1600 '
' 48 ! 66 ' 4356 !
! 49 ! 111 ' 12321 '
! 50 ' 103 ! 10609 !
! 51 ' 14 ! 196 '
' 52 ' 78 ' 6084 !
! 53 ! 93 v 8649 '
! 54 ! 108 ! 11664 '
' 55 ! 120 ! 14400 '
' 56 ! 74 ! 5476 !
! o7 ' 68 ' 4624 !
! 58 ! 111 ' 12321 '
' 59 ' 102 ! 10404 '
! 60 ! 89 ! 7921 '
] . ? 1 ]

N = 60 S(X)=5652 S(X) = 594067
_8(x) 5652
Mean=X _ — — 94,2
N 60

s(x3 -
Variance =g g _ X "= 9901.11 — 8875.64 — 1027.47

N

Difference between means (Group I and Groﬁp II) =

= X, ~X, = 942 —3568=5552;

Standard error of difference — '/i-: . ot = 102747+ 700.57
7 A -
— 1258 = 4.3%; 6o

Critical ratio = X=X _ $K.JZ2 _ S at /
= — = = /7. 9, 7; /el./f/
ie,%d,él. £ 34 0 7.5— 7
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Difference between means.

Revised Stanford-Binet Intelligence Scale, Form L.

Group I
t \ ! 1
' X 1 £ ' £x ' fX)“ '
] 1 ! \ !
] ? ? ' ]
! 38 ' 5 ' 190 ' 7220 !
! 39 ' 6 ' 234 ! 9126 !
! 40 ' 2 ! 80 ' 3200 !
' 41 ' 11 ! 451 ! 18491 '
! 42 ' 8 ' 336 ! 14112 !
! 43 ' 6 ! 258 ' 11094 '
! 44 ! 7 ' 308 ! 13552 !
' 46 ! 5 ! 230 ! 10580 '
' 47 ! 4 ! 188 ! 8836 !
! 48 ' 3 ! 144 ! 6912 '
' 49 ! 3 ! 147 ' 7203 '
' 1 ' ] ' 1
N=S(f) =60 Z(fx)=2566 > (tx)=110326
~ _ =(X)_ _ 2556  _ .
Mean = = — 50 = 4/2.76/
: 2 i
Variance = yoot = (XY _ (/2/"*’} — 1838 T6-/898% =10.35,
4 v :
Group II
i ? ] ] ]
' x iy ' £x ' £x* '
! t t ! t
t 1 ] ! |
' 39 \ 1 ' 39 \ 1521 '
voo4 ' 1 41 ' 1681 '
' 42 ' 4 168 ' 7056 '
' 43 ' 2 ' ' 86 ' 3698 '
' 44 v 2 ' g ! 3872 '
' 46 ' 3 ' 138 ! 6348 '
' 47 ' 4 ' 188 ' 8836 '
' 48 ' 7 ' 336 ' 16128 '
' 49 ' 7 \ 343 16807 '
' BO ' 4 : 200 ' 10000 '
' 51 ' 8 ' 408 ' 20808 '
' 52 ' 2 ' 104 ' 5408 '
' 53 ' 1 ' 53 ' 2809 '
' 54 ' 4 216 ' 11664 !
! 56 ' 7 ' 392 ' 21952 '
' 57 ' 3 ! 171 ' 9747 !
] | \ t

?

N=S(f)=60 S (x)=2971 S ()/=1485%5
Mw=2:§#ﬁ=%gL=4¢f/
siixt) = (X)) Jy72.25—2450.25= 22,
— (E ) =

”

Variance zy=0%

Difference between means (Group I and Group II) ==
—_ /\/_2_,‘-/; = ‘/?,)-— Y2.76 = 6. 74,

Standard error of difference = }/fi +Z,:‘ o / 22 + /0.3 —
A 6o

= I, 5J7 = 19.73,' _
Critical ratio — A2 =X/ 4.y
Se ofeltd ~ T3 = 7.23 ﬂ,j at | 7% [level.
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Correlation between performance time and pressure.

Group T.
1 t X 1 Y t '
'Nr of subj,'Sum of perfor/Sum of ! XY '
! ' times. 'pressures.’ !
1 t ' ' '
t t \ ' 1
' 1 ! 28 33 ' 16 17 ! 458 0961 '
' 2 ! 29 66 ! 6 67 197 8322 !
! 3 ! 29 00 ! 9 09 263 6100 !
! 4 ! 25 33 ' 13 88 351 5804 '
' 5 ! 22 33 o 17 02 380 0566 !
! 6 ! 22 66 ' 10 45 236 7970 '
! 7 ' 27 66 ' 7 05 195 0030 '
' 8 ! 25 33 ! 4 74 ! 120 0642 '
! 9 ! 47 33 ' 222 ! 1054 9857 '
! 10 ! 36 66 ! 9 14 ! 335 0724 '
' 11 ' 43 00 ' 9 68 ! 416 2400 '
! 12 ' 40 33 ' 2313 932 8329 !
! 13 ! 46 33 ' 28 26 ! 1309 2858 !
! 14 ! 39 66 ' 29 3& ¢! 1162 8312 !
! 15 ! 25 33 ' 19 88 503 5604 '
! 16 ' 41 00 ' 11 32 ! 464 1200 '
! 17 ! 22 66 ' 1229 ! 278 4914 !
! 18 ! 23 33 ' 10 24 238 8992 '
! 19 ! 2l 66 ! 9 56 ' 207 0696 '
! 20 ! 28 66 ' 2253 645 7098 '
' 2l ! 24 00 ' 10 27 246 4800 '
' 22 ! 29 00 ' 1504 7 436 1600 '
! 23 ! 23 33 ! 24 72 576 7176 !
! 24 ! 24 00 g 70 232 8000 '
! 25 ! 36 66 ' 17 35 ¢! 63 0510 '
! 26 ! 58 00 ' 2073 1202 3400 '
! 27 ! 20 33 ! 8 99 ' 182 7667 '
! 28 ! 32 33 ' 22 54 ' 728 7182 '
! 29 ! 38 00 vt 2086 792 6800 !
! 30 ' 47 66 ' 39 08 1862 5528 !
! 31 ! 29 00 14 72 426 8800 '
! 32 ! 26 00 15 87 ¢ 399 6200 '
! 33 ' 20 66 ' 10 75 222 0950 !
' 34 ' 2l 66 ! 9 71 210 3186 !
' 35 ' 42 66 ' % 55 ! 1388 5830 '
' 36 ! 22 66 ' 12 68 287 3288 !
! 37 ! 14 33 ! 6 40 91 7120 !
' 38 ! 30 00 ' 2296 688 8000 !
! 39 ' 26 00 ! 672 174 7200 '
: 40 ' 25 66 ! 20 40 523 4640 !
! A\ ? \
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Correlation between performance time and pressure.

Group I

Continuation.

t 1 X t Y ' 1
'Nr of subj.'Sum of perfor.' Sum of ' XY '
! ' times. ' pressures’ '
] t . 1 ' 1
t t 1 1 '
! 41 ' 35 33 ' 30 00 1059 9000 '
! 42 ! 24 66 ' 19 20 473 4720 '
! 43 ! 30 00 v16 41 ! 492 3000 !
! 44 ! 26 33 13 63 ! 358 8779 !
! 45 ! 23 66 ' 1316 ! 311 3656 '
! 46 ' 17 00 ! 7 42 126 1400 !
! 47 ! 28 00 ' 22 45 ! 628 6000 !
! 48 ! 34 33 ' 16 13 ¢ 553 7429 '
! 49 ! 37 66 t11 41 ! 429 7006 !
! 50 ! 26 00 ' 1091 ! 283 6600 !
! 51 ! 18 33 ' 566 ! 103 7478 '
' 52 ' 17 00 ! 7 59 ' 129 0300 '
! 53 ' 20 33 ' 940 ! 191 1020 !
! 54 31 00 ' 51 62 ! 1600 2200 '
! 55 ! 17 66 ' 12 53 ! 221 2798 '
! 56 ! 15 66 ' 841 ! 131 7006 !
! 57 ! 19 33 ' 11 64 225 0012 !
! 58 ! 30 66 vo13 42 411 4572 !
! 59 ' 23 33 ! 8 1l 189 4396 '
! 60 ! 40 33 ' 2195 889 2765 !
! 1 \] A} A\

N = 60 S(XY)-29872.9393
Sxy) —x7
: ld
Product moment correlation=r =
% by

n=60

/\7—:_- 25 Q/éé
7—: /5. 7\5_.5_/
G =80 6504

o}‘ = 75 5816

278721393 _ 78 9166 x 15 7557
V/ — 60

[

P/ 80. 6804 x 75.58/6

— 22734 Jig, at | % leve/.
vho7 - 0.54/ / v
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Correlation between performance time and pressure.

Group IT.

\ 1 X \ Y ! 1
'Nr of subj.'Sum of perfor ' Sum of ! XY '
! ' times. ' pressures.’' !
? 1 t t '
1 1 ' 1 1
' 1 ! 14 66 ! 18 26 8278 '
' 2 ! 22 00 ! 5 97 ! 131 3400 !
! 3 ! 20 66 ' 971 ¢ 200 6086 !
! 4 ! 25 66 ! 108 27 7128 !
! 5 ! 24 66 ! g8 01 197 5266 !
! ) ! 13 00 ! 3 84 ! 49 9200 '
! 7 ! 27 00 ! 218 ! 58 8600 !
! 8 ! 30 33. ' 13 05 ! 395 8065 !
! 9 ! 33 33 ! 3 63 120 9879 !
! 10 ! 33 00 ' 7 04 232 3200 !
! 11 ' 21 33 ' 4 96 ' 105 7968 !
! 12 ! 31 33 ! 2 63 ! 82 3979 '
! 13 ! 13 66 ! 320 43 7120 !
! 14 ! 19 66 ' 2 35 ' 43 8510 '
! 15 ! 17 00 ' 304 51 6800 !
! 16 ' 13 33 ' 2 47 32 9251 !
! 17 ! 16 66 ! 2 82 46 9812 !
! 18 ! 19 ©0 ' 4 83 ! .91 7700 !
! 19 ! 13 33 ! 3 39 ! 45 1887 !
! 20 ! 22 33 ' 8 39 ! 187 3487 !
! 21 ! 26 00 ! 128 33 2800 !
! 22 ! 21 00 ' 7 40 ! 155 4000 !
! 23 ! 16 00 ' 7 61 ! 121 7600 !
! 24 ! 19 00 ' 10 01 190 1900 !
! 25 ' 20 00 ! 9 18 ' 183 6000 '
' 26 ! 18 33 ! 6 8l ' 124 8273 !
! 27 ! 19 66 ! 2 28 ! 44 8248 !
' 28 ! 17 66 ! 412 ! 72 7592 !
! 29 ! 22 00 ! 6 49 ! 142 7800 '
! 30 ' 12 00 ! 2 27 ! 27 2400 !
! 31 ! 13 00 ! 376 ! 48 8800 !
! 32 ! 18 33 ! 374 ! 68 5542 '
! 33 ! 8 66 ! 304 26 3264 !
' 34 ! 2l 66 ! 2 17 ' 47 0022 !
! 35 ! 13 66 ! 4 56 ' 62 2896 !
! 36 ! 11 33 ! 100 ' 11 3300 '
! 37 ! 15 66 ! 505 79 0830 !
! 38 ' 15 66 ! 327 51 2082 '
! 39 ! 11 66 ! 198 ! 23 0868 !
! 40 ! 8 66 ! 0 60 ! 5 1960 !
1 * ] ] \
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Correlation between performance time and pressure.

Group II.

continuation.

\ 1 : X 1 Y v 1
'Nr of subj.'Sum of perfor *Sum of ° XY '
! ' times. 'pressures’ '
\ ? 1 1 L]
? ! 1 \] 1
! 41 ! 19 66 ' 819 161 0154 !
! 42 ' 22 00 271 ! 59 6200 '
! 43 ' 18 66 a7 55 4202 !
' 44 ! 42 33 13 55 0290 '
! 45 ' 16 00 871 ¢ 139 3600 '
! 46 ! 11 00 2 46 27 0600 '
7 47 ! 13 00 117 15 2100 '
! 48 ? 21 33 ' 498 ! 106 2234 '
' 49 ! 10 66 ' 23 ! 25 0510 '
! 50 ! 9 00 150 13 5000 !
' 51 ! 14 33 ' 251 ' 35 9683 !
! 52 ! 17 33 ' 4 09 ' 70 8797 !
! 53 ! 17 00 ' 6 24 ¢ 106 0800 '
! 54 ! 14 00 ' 13 ¢ 18 3400 '
! 55 ! 28 33 ''10 75 ¢ 304 5475 '
' 56 ! 21 66 307 66 4962 '
! 57 ! 10 00 v 3ao0 ot 32 0000 !
! 58 ' 9 33 23 22 0188 '
! 59 ! 24 66 10 38 ! 255 9708 !
' 60 ! 14 00 33 7 46 9000 !
1 ? t ? ?
N = 60 S(XY)=5319.8696

(X _

J/(V‘//_A,
Product moment correlation =r =

Ox

g

I(xy) = 5319.8696

N= 60
X=185888
7—: i) 06
O/’Y": 7. 3437
JL: b’,jé)/?
J

53/7.8696 /18,5888 X 4. 4104
V= 60

[

[ 47.5637 x 83819

6.6767
e
9. 93

= 0.335-J;¢- at [/ % leel
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Correlation between performance time and pressure.

Group of nursing staff.

T ' X ' Y 1 '
'Nr of subj.'Sum of perfor'Sum of ' XY '
' ! times. 'pressures’ '
1 1 1 ' 1
t t 1 t !
! 1 ! 18 66 ' 359 ! 66 9894 '
! 2 ! 12 00 '3 45 ! 41 4000 !
! 3 ! 9 00 114 10 2600 !
! 4 ! 10 66 125 ! 13 3250 !
! 5 ! 7 66 161 ! 12 3326 !
! 6 ! 11 66 112 13 0592 !
! 7 ! -6 66 ' o091 6 0606 !
! 8 ! 18 00 ‘78 140 7600 !
' 9 ! 5 00 ' 175 ! 8 7500 !
! 10 ! 14 00 ' 503 ! 70 4200 '
! 11 ! 16 33 ' 325 53 0725 !
! 12 ! 7 66 vt 773 ! 59 2118 !
! 13 ! 9 33 ' 128 ! 11 9424 !
' 14 ! 8 00 177t 14 1600 !
' 15 ! 9 33 '3 17 ! 29 5761 !
! 16 ' 9 66 ‘152 14 6832 !
! 17 ! 21 33 t2 09 ! 44 5797 !
! 18 ! 15 66 ' 265 ! 41 4990 !
! 19 ! 28 66 ' 463 ! 132 6958 !
! 20 ' 13 66 '3 32 ! 45 3512 !
' _l ! 7 66 ' 2 90 ! 22 2140 !
' 22 ! 27 66 ' 608 ! 168 1728 '
! 23 ' 17 33 ' 693 120 0969 '
! 24 ! 7 66 ''1235 9 5750 '
! 25 ! 7 00 ' 317 ! 22 1900 '
! 26 ! 8 66 '3 18 ! _27 5388 !
! 27 ! 14 00 718 ! 99 6800 !
! 28 ! 9 66 ' 08 ! 7 9212 '
! 29 ! 5 66 ' 2 89 ! 10 5774 !
' 30 ! 5 66 ' 363 20 5458 '
! 31 ! 8 66 185 16 0210 '
! 32 ! 7 33 ' 403 29 5399 '
! 33 ! 10 00 ' 298 ! 29 8000 !
! 34 ! 8 33 167 ! 13 9111 '
! 35 ! 10 33 116 ! 11 9828 !
! 36 ! 4 66 ''1 55 ! 7 2230 !
' 37 ! 9 66 ' 5 47 ! 52 8402 !
! 38 ! 11 00 103 11 3300 !
! 39 ! 12 33 ' 803 ! 99 0099 !
! 40 ! 15 33 ' 571 87 5343 '
1 1 \J t A\
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Correlation between performance time and pressure.

Group of nursing staff.

continuation.

? . A ] X t Y 1 [
'Nr of subj.'Sum of perfor 'Sum of ' XY !
' ' times. 'pressures' !
] 1 1 ] \
1 4 | 1 1
' 41 ! 6 66 ' 2 33 ' 15 5178 '
' 42 ' 11 33 ro 212 ' 24 0196 !
! 43 ! 10 33 ' 4 01 ! 41 4233 !
' 44 ' 10 00 ' 3 581 ' 35 1000 !
' 45 ' 8 33 ' 0 66 ! 5 4968 !
! 46 ' 5 66 ' 0 60 ! 3 3960 !
! 47 ' 16 66 ' 4 76 ' 79 3016 '
! 48 ' 16 33 ' 4 64 ' 75 7712 '
! 49 ! 14 33 ' 6 28 ' 89 9924 !
! 50 ' 20 00 vt 227 ' 45 4000 !
' 51 ' 8 33 r2 11 ! 17 5763 '
! 52 ' 13 00 ' o4 21 ' 54 7300 '
' 53 ! 21 33 't 301 ! 64 2033 !
' 54 ! 12 66 ' 2 31 ! 29 2446 !
! 55 ! 13 33 1 & ! 18 5287 '
! 56 ' 4 66 ' 0 453 ! 2 0038 !
' 57 ' 8 33 ' 2 89 ! 24 0737 !
' 58 ! 22 00 r 9 57 ! 210 5400 !
' 59 ' 7 00 ' 0 51 ! 3 5700 !
' 60 ! 8 33 ' 2 83 ! 23 5739 '
] 1 ] 1
N = 60 S(XY) =2561.2966
Product moment correlation=r = ul

&

S&y) = 25412946

V=40

A= 16388

[7‘: 3. /828

Gl= 288785

52: Y.52/4

. :ii/'zy'%~ W63 88x 3828

Il

/' 285785 x 4 s2/%

Y
= S:6943  5 Loy f/ at /7% fevel,
.38
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Correlation between Simple Reaction Time and Pressure.

Group I.

] ? X 1 Y 1 1
'Nr of subj.' S. R. T.'Sum of ! Xy '
! ' ! 'pressures’ !
1] ! | t '
] ] ] t L |
! 1 ' 407 ' 16 17 6581 19 !
! 2 ! 366 ' 6 67 ! !
! 3 ! 952 ! 9 09 !
! 4 ! 283 ' 13 88 ! !
! S ! 301 '17 02 ot !
! 6 ! 399 ' 10 45 !
! 7 ! 303 ! 7 05 ! !
' 8 ! 250 ! 4 74 !
! 9 ! 537 ' 22 29 '
! 10 ! 271 ! 9 14 ! !
' 11 ! 299 ! 9 68 ! !
! 12 ' 362 ' 2313 !
! 13 ! 372 ' 28 26 !
! 14 ' 302 ' 29 32 ! '
' 15 ! 474 ' 19 88 '
' 16 ! 291 'o11 32 !
' 17 ! 563 '12 29 !
! 18 ' 342 ' 10 24 !
! 19 ' 359 ! 9 56 ! !
' 20 ' 394 ' 22 53 '
' 2l ! 515 ' 10 04 ! !
! 22 ! 327 ' 24 72 !
' 23 ' 609 ' 15 04 !
' 24 ! 452 ! 9 70 ! !
! 25 ! 307 ‘17 35 !
! 26 ! 491 ' 2073 * !
' 27 ' 333 ! 8 99 ! !
' 28 ! 347 ' 22 54 ! !
' 29 ' 711 ' 2086 !
' 30 ' 594 ' 39 08 '
' 31 ! 387 ' 14 72 '
' 32 ! 628 ' 15 37 !
' 33 ! 642 ' 1075 !
! 34 ' 518 ! 9 71 ! !
! 35 ! 452 ' 32 55 ! '
' 36 ! 316 ' 12 68 ! '
' 37 ' 682 ! 6 40 ! '
' 38 ! 342 ' 22 96 ! !
! 39 ' 30 ' 672 '
' 40 ' 546 ' 20 40 !
[ 1 A t 1
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Correlation between Simple Reaction Time and Pressure,

Group I.
‘continuation.
t 1 X ] Y ? ]
'Nr of subj.' S. R. T. 'Sum of ! Xy '
! ' 'pressures.' L
1 4 ] | ]
\ t | 1 ]
' 41 v 297 't 30 00 ' 8910 00 '
' 42 ' 412 ' 19 20 ' 7910 40 '
' 43 ' 273 '16 41 ' 4479 93 '
' 44 ' 520 ' 13 63 ' 7087 60 '
' 45 ' 567 ' 13 16 ' 7461 72 '
! 46 ! 486 ' 7 42 ' 3606 12 '
' 47 ' 383 ' 22 45 ' 8598 35 '
' 48 ! 392 ' 16 13 ! 6322 96 !
' 49 ! 312 ' 11 41 ' 3559 92 '
' 50 ' 323 ' 10 91 ! 3523 93 !
' 51 ' 316 ' 5 66 ' 1788 56 !
' 52 ' 517 ! 7 59 A 3924 03 !
' 53 ' 364 ! 9 40 ! 3421 60 !
! 54 ' 358 ' 51 62 ' 18479 96 !
! 55 ' 666 ' 12 53 ' 8344 98 '
' 56 ' 575 ' 8 41 ' 4835 75 !
' 57 ' 459 ' 11 64 ! 5342 76 !
' 58 ' 512 ' 13 42 ' 6871 04 !
' 59 ! 367 ' 8 12 ' 2980 04 !
! 60 ' 365 t 21 95 ! 8011 75 :
b 1 ] ?
N =60 S{XY)=402742.10
S(xy) _,\7(7—
Product moment correlation = r = i
&
J/A’y) = HORTH2.10
= 60
X=4225 966
j—: /5. 7557
0= 19705 1504
@": 75. 5616

40RTH2:10 _ 129 97464 157557
v = 60

J 19705 1504 X 755816

I

— 610107 _ o 58 et Jéam'fé'muz“.
365.7
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Correlation between Simple Reaction Time and Pressure.

Group I1I.
t ' X ! Y t 1
‘Nr of subj.' S. R T. 'Sum of ! XY '
! ! 'pressures. ' '
? ! t ] '
] A\ ] ] t
! 1 ! 195 ! 1l 83 ! 356 85 !
' 2 ! 259 ! 5 97 ! 1546 23 !
! 3 ! 250 ' 9 71 ' 2427 50 !
' 4 ! 231 ' 1l 08 ' 249 48 !
! 5 ! 232 ! 8 01 ! 1858 32 '
' 6 ! 199 ! 3 84 ! 764 16 !
' 7 ! 240 ! 2 18 ' 523 20 '
! 8 ! 293 ' 13 05 ' 3823 65 '
! 9 ! 172 ! 3 63 ' 624 36 !
' 10 ' 238 ! 7 04 ' 1675 52 !
! 11 ' 252 ! 4 96 ! 1249 92 !
' 12 ' 214 ! 2 63 ! 562 82 !
! 13 ! 194 ! 3 20 ! 620 80 !
! 14 ! 272 ! 2 35 ' 639 20 !
' 15 ' 214 ! 3 04 ! 650 56 '
' 16 ' 276 ! 2 47 ! 681 72 !
' 17 ' 279 ! 2 82 ' 786 78 !
' 18 ' 288 ! 4 83 ! 1391 04 !
! 19 ! 254 ! 3 39 ! 861 06 !
! 20 ! 226 ! 8 39 ! 1896 14 '
! 21 ! 250 ! 1l 28 ! 320 00 !
' 22 ! 331 ! 7 40 ! 2449 40 !
' 23 ! 230 ! 7 61 ' 1750 30 !
! 24 ! 311 ' 10 01 ! 3113 11 !
' 25 ' 307 ! 9 18 ! 2818 26 !
' 26 ' 237 ! 6 81 ! 1613 97 !
' 27 ! 304 ! 2 28 ' 693 12 !
! 28 ! 169 ' 4 12 ! 696 28 !
' 29 ! 308 ' 6 49 ! 1998 92 !
' 30 ! 227 ! 2 27 ! 469 89 !
! 31 ! 257 ' 3 76 ! 966 32 !
' 32 ! 293 ! 3 74 ! 1095 82 !
! 33 ' 258 ' 3 04 ! 784 32 !
! 34 ! 290 ! 2 17 ! 629 30 !
' 35 ! 225 ' 4 54 ! 1026 00 !
! 36 ! 191 ! 1 00 ! 191 00 !
! 37 ' 205 ! 5 05 ! 1035 25 !
' 38 ! 274 ! 3 27 ' 895 98 !
' 39 ! 192 ' 198 ! 380 16 !
: 40 ! 354 ! 0 60 ! 212 40 !
A 1 1 1
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Correlation between Simple Reaction Time and Pressure.

Group II.

coOntinuation.

. T ? X ] Y ? ]
'Nr of subj.' S Ro To 'Sum of ! XY v
! ! 'pressures.’ !
) ) 1 ) []
| 1 1 ¢ ?
S o178 ' 819 ¢ 1457 82 '
142 o200 ' 271 566 39 '
't 43 o174t 297 0 516 78 '
v 44 266 ' 130 345 80 '
v 45 ' 235 t* g7l 2046 85 '
v 46 ' 286 ' 248 703 56 '
v 4y 210 v 117 245 70 '
' 48 7 272 ' 498 1354 56 :
49 1947t 235 ¢ 455 90 '
' 50 165 ' 150 ° 247 50 '
5 ' 241 ' 251 ¢ 604 91 :
' 52 " 265 ' 409 1083 85 '
' 53 18 ' 624 1135 68 '
' 54 o213 v 131 ¢ 279 03 '
' 55 ' 213 v 1075 2289 75 :
r 56 289 t* BoO7 ¢ 887 23 ;
v 57 278 ' 320 889 60 '
' 58 176 ' 236 ° 415 36 :
T 59 ' 295 ' 10 38 ! 3062 10 '
' 60 " 228 ' 335 T 763 80 '
[ T [} ? !
N = 60 S(XY) =65681.28
S(xy) ig
Product Moment correlation—=r — v
. o q}

J'/xﬂ = 65648125

= t6o

X =242.5

;I—: Y.4/06

0;‘: /£50.3333

o = 83807

6568128 __ u2.5 4 44106

V\_/: §0 —— _—

/. /§50. 3333 X ﬁjf/9

— 25 /75 = 0. 2016 ﬂ@%-c{gewwﬂfkau/f&
124 53
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Correlation between Simple Reaction Time and Pressure.

Group of nursing staff.

1 t X t Y ! [}
*Nr of subj.' S. R. T. 'Sum of pressures! XY '
' ' t ' v
[ 1 1 t t
! 1 ! 147  t 3 59 ' 527 73 '
1 2 ' 182 1t 3 45 't 627 90 !
! 3 ! 197 ! 114 ! 224 58 '
' 4 \ 212 125 ! 265 25 '
! ) ' 167 ! 1 61 ' 268 87 '
! 6 ! 180 ! 112 ! 201 60 '
! 7 ' 171 0 91 ! 155 61 '
' 8 ' 144 ! 7 82 ' 1126 08 '
' 9 ' 184 ¢ 175 ! 322 00 '
! 10 ' 159 ! 5 03 ! 799 77 '
' 11 ' 191 3 25 ! 620 75 '
! 12 ' 169 ! n N3 ! 1306 37 !
v 13 ' 177 1 28 ' 226 56 '
v 14 ' 78 ! 1 77 ' 315 06 '
v 15 167 317 ) 529 39 )
v 16 ' 197 1 52 ' 299 44 '
t 17 ' 180 ' 2 09 ! 376 20 !
v 18 ' 149 2 65 ' 394 85 '
v 19 ' 163 ! 4 63 ' 754 69 '
v 20 ! 165 ! 3 32 ! 547 80 '
' 21 ' 181 ' 2 90 ! 524 90 !
' 22 ' 172 ' 6 08 ! 1045 76 !
' 23 ' 184 ! 6 93 ! 1275 12 !
v 24 ' 160 ! 1 25 ! 200 00 '
t 25 ' 170 ' 3 17 ! 538 90 '
v 26 ! 167 v 3 18 ! 531 06 '
v 27 ' 156 ! 7 12 ' 1110 72 1
' 28 ' 164 ' 0 82 ! 134 48 '
' 29 ' 182 ' 2 89 ' 525 98 !
! 30 ' 155 ' 2 63 ! 562 65 !
' 31 ! 188 ' 1 85 ! 347 80 !
' 32 ' 190 ! 4 03 ! 765 70 '
! 33 ' 214 2 98 ! 637 72 '
' 34 ' 210 ! 1 67 ! 350 70 !
t 35 ' 195 ! 116 ' 226 20 '
\ 36 ' 218 ' 1 55 ! 337 90 !
' 37 1 165 ! 5 47 ' 902 55 '
' 38 ' 191 ' 1 03 ! 196 73 !
' 39 ! 215 ' 8 03 ! 1726 45 !
' 40 ' 171 5 71 : 976 41 '
t 1 1] 1
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Correlation between Simple Reaction Time asnd Pressure.

Group of nursing staff.

continuation.

? ) X \ Y 1 ]
'"Nr of subj.' S. R. T.'Sum of ! XY i
f ! 'pressures.’ !
4 ? T ] 1
T 1 { 1 T
! 41 ¥ 203 2 33 ' 472 99 !
' 42 ¥ 183 ro2 12 ' 387 96 '
v 43 ! 189 ' 4 01 ! 757 89 '
¥ 44 ! 176 351 ! 617 76 !
' 45 ' 217 ' 0 66 ' 143 22 '
' 46 ' 184 * 0 60 ' 110 40 '
' 47 ! 190 4 76 7 904 40 !
' 48 ' 198 ' 4 64 ! 918 72 '
' 49 ' 200 ' 6 28 ' 1256 00 '
' 50 ' 168 Y2 27 ' 381 36 '
' 51 v 203 211 ' 428 33 '
! 52 ! 156 v o4 21 ' 656 76 '
' 83 ' 183 '3 01 ' 550 83 '
' 54 ' 181 v 2 31 ' 418 11 '
' 55 ' 181 ' 1 39 ! 251 59 !
' 56 ! 204 0 43 ! 87 72 '
! 57 ' 175 vt 2 89 ¥ 505 70 !
v 58 ! 199 9 57 ! 1904 43 !
¢ 59 ' 175 ' 051 t 89 25 !
! 60 f 1865 ' 2 83 ! 466 95 !
T ) ] | 1
N=60 S{XY)=34118.35

, S(xy) <7
Product moment correlation= r — Al
9
J’Gy/ =34/ & 37
M= 60

=/§0.-7833
3./4425

H

X
0.2= 370.3/5/
6}": 4.5214

TN 35 150, 7833 x 3. 1828
) = > — =

/?70. Fr57 & Y5204

=TT 5 shs Mot o&ﬂu,/'é'm«t.
40. 9/ |
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Correlation between Simple Reaction Time and Performance Time.

Group I
| ] X | Y | 1
'Nr of subj.' S. R. T.'Sum of perfor.' XY '
' ! ' times. ! '
1 t t t ]
1 ' 1 ' 1
' 1 ! 407 ! 28 33 ' 11530 31 !
! 2 ! 366 ! 29 66 ! 10855 56 !
! 3 ' 952 ! 29 00 ! 27608 00 !
! 4 ! 283 ! 25 33 ! 7168 39 !
! o ! 301 ! 22 33 ! 6721 33 !
! 6 ! 399 ! 22 66 ! 9041 34 !
! 7 ! 303 ! 27 66 ! 8380 98 !
! 8 ! 250 ! 25 33 ! 6332 50 !
! 9 ! 537 ' 47 33 ! 24016 21 !
! 10 ! 271 ! 36 66 ! 9934 86 !
' 11 ! 299 ! 43 00 ! 12857 00 !
! 12 ! 362 ! 40 33 ! 14599 46 '
' 13 ! 372 ! 46 33 ! 17234 76 '
' 14 ! 302 ! 39 66 ! 11977 32 !
' 15 ' 474 ! 25 33 ! 12006 42 '
' 16 ' 291 ! 41 00 ! 11931 00 !
! 17 ! 563 ! 22 66 ! 12757 48 !
! 18 ! 342 ! 23 33 ! 7978 86 !
! 19 ! 359 ! 21 66 ! 5609 94 !
! 20 ! 394 ! 28 66 ! 11292 04 !
' 21 ! 515 ! 24 00 ! 12360 00 !
! 22 ! 327 ! 29 00 ! 9483 00 !
' 23 ! 452 ! 23 33 ! 10545 16 !
' 24 ! 307 ! 24 00 ! 7368 00 !
' 25 ! 491 ! 36 66 ! 18000 06 !
' 26 ! 333 ! 58 00 ! 19314 00 !
! 27 ! 347 ! 20 33 ! 7054 51 !
! 28 ! 711 ! 32 33 ! 22986 63 !
! 29 ' 594 ' 38 00 ' 22572 00 !
' 30 ! 609 ! 47 66 ! 28024 94 !
' 31 ! 387 ! 29 00 ! 10623 00 !
! 32 ! 628 ! 26 00 ! 16328 00 !
' 33 ! 642 ! 20 66 ' 13263 72 '
! 34 ! 518 ! 21 66 ! 11219 88 !
' 35 ! 452 ! 42 66 ! 19282 32 !
' 36 v 316 ! 22 66 ! 7160 56 !
' 37 ! 682 ' 14 33 ! 9783 06 !
' 38 ! 342 ! 30 00 ! 10260 00 !
! 39 ! 300 ! 26 00 ! 7800 00 !
: 40 : 546 ! 25 66 ! 14010 36 !
1 | 1
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Correlation between Simple Reaction Time and Performance Time.

Group I
continuation.
1 1 X ', Y ] ?
'Nr of subj.' S. R. T.'Sum of perfor.' XY !
' ' ' times ' !
' ' 1 t 1
] ] 1 1 4 1
' 41 ' 412 ' 24 66 ' 10159 92 '
' 42 ' 297 ' 35 33 ! 10443 01 '
' 43 ' 273 ' 30 00 ! 8190 00 '
' 44 ' 520 ! 26 33 ' 13691 60 '
' 45 ' 567 ' 23 66 ' 13415 22 '
' 46 ' 4886 ' 17 00 ' 8262 00 '
' 47 ' 383 ' 28 00 ' 10694 00 '
' 48 ' 392 ' 34 33 ' 13457 36 !
' 49 ' 312 ' 37 66 ! 11749 92 '
! 50 ' 323 ' 26 00 ' 8398 00 '
' 51 ' 316 ' 18 33 ' 5792 28 '
' 52 ' 517 ' 17 00 ' 8749 00 '
' 53 ' 364 ' 20 33 ! 7400 12 !
' 54 ' 358 ' 31 00 ' 11098 00 '
' 55 ' 666 ' 17 66 ' 11761 56 '
' 56 ' 575 ' 15 66 ! 9004 50 '
' 57 ' 459 ! 19 33 ' 8872 47 '
' 58 ' 512 ' 30 66 ' 15697 92 '
' 59 ' 367 ! 23 33 ' 8562 11 '
' 60 ' 365 ' 40 33 ' 13520 45 '
4 1 1 4 \]
N =60 S(XY)=726232.40
Sxy) ;7"
Produet moment correlation—r — 44 -
Oe Ty
J(xy) = 726232 40
V= 60
irzzéél?,Q/éé
;’zz[. 9/ 66

o % = /97(7.5—,./.;04

I 4

f; = J0. 6804

72623240 __ 99, 966 x 98 .9/
Vo= ‘o

/ 19705 1504 x S0 6804

I

— 348 7263 =— 09260 JZ)O, at 5 7% leved
1260.8

(meé'ue L’awé/av‘/'w')-
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Correletion between Simple Reaction Time and Performence Time.

Group II

1 t X 1 Y 1 ]
INr of subj. * S. R. T.t Sum of perfor. ! A4 '
' ' ' times. 1 '
] ] ] t t
1 1 1 t '.
! 1 ! 195 ' 14 66 ' 1688 70 !
' 2 ! 259 ! 22 00 ' 2698 0OC !
' 3 ! 250 ! 20 66 ! R165 00 !
! 4 ! 231 ! 25 66 ' 5927 46 !
' ) ' 232 ! 24 66 ! 5721 12 t
! 6 ! 199 ' 13 00 ! 2587 00 '
! 7 ! 240 ' 27 00 ! 6480 00 *
! 8 ! 293 ' 30 33 ! 8886 69 !
! 9 ' 172 ! 33 33 ! 5732 76 '
' 10 ! 238 ! 33 00 ! 7854 00 !
! 11 ! 252 ! 21 33 ' 5375 16 !
! 12 ! 214 ! 31 33 ! 6704 62 '
! 13 ' 194 ! 13 66 ' 2650 04 !
! 14 ' 272 ! 18 66 ' 5075 52 !
! 15 ! 214 t 17 00 ! 3638 0N !
! 16 ! 276 ! 13 33 ' 2679 0OR !
! 17 ' 279 ! 16 66 ! 4648 14 t
! 18 ! 288 ! 19 00 ' 5472 00 '
! 19 ! 254 ! 13 33 ' 3385 82 !
! 20 ' 226 ! 22 3% ' 5046 58 '
! 21 ! 250 ! 26 00 ! 6500 0C t
! 22 ' 331 ! 21 00 ! 6851 00 '
! 23 ! 230 ' 16 00 ! 3680 00 !
! 24 ! 311 ' 19 00 ! 5909 COC !
! 25 ! 307 ! 20 00 ' 6140 00 '
! 26 ! 237 ! 18 33 ! 4344 2] !
! 27 ! 304 ' 19 66 ! 5978 64 !
! 28 ' 169 ! 17 66 ' 2984 54 '
! 29 ' 308 ! 22 00 ! 6776 0OC '
! 30 ! 207 ! 12 00 ' 2484 00 '
! 31 ! 257 ' 13 00 t 3341 0D !
! 32 ! 293 ' 18 33 ! 5370 69 !
! 33 ! 258 ! 8 66 ' 2234 28 '
! 34 ' 290 k 21 66 ' 6273 50 '
! 35 ! 225 ' 13 66 ' 3073 50 !
! 356 ! 191 ! 11 33 ! 2164 03 '
' 37 ! 205 ! 15 66 ! 3210 20 !
! 48 ' 274 ! 15 66 ! 4290 R4 !
! 39 ! 192 ! 11 66 ' 2238 72 !
! 40 ' 354 ! 8 66 ' 3065 64 !
1 4 ] 4 |
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Correlation between Simple Reaction Time end Performance Time.

Group II

continuation.

] ] X ] Y ' t
'Nr of subj.' S. R. T.'Sum of perfor.’ XY !
! ! ' times. ! '
L t t A\ ]
\] T 1 t t
! 41 ! 178 ! 19 66 ! 3499 48 !
! 42 ! 209 ! 22 00 ! 4598 00 !
! 43 ! 174 ! 18 66 ! 3246 84 !
! 44 ! 266 ! 42 33 ! 11259 78 !
! 45 ' 235 ! 16 00 ! 3760 00 !
! 46 ! 286 ! 11 00 ! 3146 00 !
! 47 ' 210 ! 13 00 ! 2738 00 !
! 48 ! 272 ! 21 33 ! 5801 76 !
! 49 ! 1904 ¢ 10 66 ! 2068 04 !
! 50 ! 165 ! 9 00 ! 1485 00 !
tt 51 ! 241 ! 14 33 ! 3453 53 !
' 52 ! 265 ! 17 33 ! 4592 45 !
! 53 ! 182 ! 17 00 ! 3084 00 !
! 54 ! 213 ! - 14 00 ! 2982 00 !
! 55 ! 213 ! 28 33 ! 6034 29 !
! 56 ! 289 ! 21 66 ! 6259 74 !
! 57 ! 278 ! 10 00 ! 2780 00 !
! 58 ! 176 ! 9 33 ! 1642 08 '
! 59 ! 295 ! 24 66 ! 7274 70 !
! 60 ! 228 ! 14 00 ! 3192 00 !
\J \] t ) 1
N =60 S(XY)=271331.11
Sxy) »«7
Product moment correlation=r= id —
e 0y
"
S(xy) = 87733/ 1t

= 60

X = 242.5

7 = 15,5558

Or=/850.3333

/ .
R77337. 1/ — 2425 15 5h 5
r}/" _ o —_

/ 1850.3333 < 473537

z/j;f/a s Ooug ek Spufeant.
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Correlation between Simple Reaction Time and Performance Time.

Group of nursing staff.

] 1 X 1 Y '
'Nr of subj.' S.R.T. 'Sum of perfor.' XY '
' ' ' times. ' '
[3 1 1 1 '
1 ] 1 4 t
' 1 vo147 0 18 66 ' 2743 02 '
! 2 ! 182 ' 12 00 ! 2184 00 '
' 3 ' 197 ' g9 00 ! 1773 00 !
! 4 ! 212 ' 10 66 \ 2259 92 '
! 5 ' 167 ! 7 66 \ 1279 22 '
! 6 ' 180 11 66 ! 2098 80 '
! 7 ! 171 ' 6 66 ! 1138 86 !
! 8 ! 144 ! 18 00 ! 2592 00 !
! 9 ! 184 ! 5 00 ' 920 00 !
! 10 't 159 ' 14 00 ! 2226 00 '
! 11 t191 t 16 33 \ 3119 03 !
' 12 ' 169 ! 7 66 \ 1294 54 !
' 13 t177 ! g 33 ! 1651 41 '
! 14 ' 178 ! 8 00 ! 1424 00 !
! 15 ! 167 9 33 ' 1558 11 '
' 16 ' 197 ! 9 66 ' 1903 02 !
! 17 ! 180 ! 21 33 ! 3839 40 !
! 18 ' 149 ! 15 66 ! 2333 34 !
! 19 ' 163 ! 28 66 ' 4871 58 '
! 20 ! 165 ! 13 66 ' 2253 90 '
! 21 ' 181 \ 7 66 ' 1386 46 '
! 22 \ 172 ' 27 66 ' 4757 52 !
! 23 ! 184 17 33 ! 3188 72 '
! 24 ! 160 \ 7 66 ' 1225 60 !
! 25 ! 170 ! 7 00 ' 1190 00 '
J 26 voo1e7 ! 8 66 \ 1446 22 !
' 27 ! 156 ! 14 00 ! 2184 0O !
! 28 ! 164 ! 9 66 ! 1584 24 '
! 29 ! 182 ! 3 66 ! 666 12 !
! 30 ! 155 ' 5 66 ! 877 30 !
! 31 ' 188 ! 8 66 ! 1628 08 '
! 32 ' 190 ! 7 33 \ 1392 70 '
' 33 ! 214 ' 10 00 ! 2140 00 !
! 34 ' 210 ! 8 33 ! 1749 30 '
! 35 ! 195 ! 10 33 \ 2014 35 '
! 36 ' 218 ' 4 66 ! 1015 88 !
' 37 ' 165 ! 9 66 ! 1593 90 !
! 38 ! 191 ! 11 00 ' 2101 00 '
' 39 ! 215 ! 12 33 ! 2650 95 !
! 40 ! 171 ' 15 33 ' 2621 43 !
% | 4 1 ] 1
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Correlation between Simple Reaction Time and Performence Time.

Group of nursing staff.

continuation.
[ t X 1 Y 1 P}
tNr of subj.' S. R. T, "Sum of perfor.’ XY !
’ ' ' times, ' t
9 1 ? 1 t
1 1 ] t %
? 4l 203 ° 6 66 ' 1351 98 '
! 42 ' 183 11 33 ' 2073 39 '
! 43 ! 189 ! 10 33 ! 1952 37 '
! 44 ' 176 ' 10 00 ' 1760 00 '
! 45 ! 217 ' 8 33 ! 1807 61 !
' 46 ! 184 5 66 ? 1041 44 !
t 47 ' 190 ¢ 16 66 ? 3165 40 \
? 48 ! 198 ! 16 33 ' 3233 34 v
' 49 ! 200 14 33 v 2866 00 '
! 50 ! 168 ¢ 20 00 ¢ 3360 00 '
! 51 ! 203 ' 8 33 ! 1690 99 \
! 52 \ 156 ? 13 00 ¢ 2028 00 '
! 53 ! 183 ¢ 21 33 L 3903 39 '
! 54 ! 181 ' 12 66 ' 22901 46 '
' 55 ! 181 ! 13 33 ' 2412 753 '
! 56 v 204 4 66 ' 950 64 '
' 57 v 175 ' 8 33 \ 1457 75 !
! 58 ' 199 ' 22 00 ' 4378 00 '
' 59 ' 175 ? 7 00 ' 1225 00 !
! 60 ! 165 ' 8 33 t 1374 45 '
? [ [ t t
N =60 _ S(XY)=124996.86
. S(xy) - 'FJ—
3 N
Product moment correlation — r— .
&
-~ ‘
Jny/ = /2H996.56
=60

X = [§0.7833

5;::/L¢i3ff

Gl = 370315/

zgl:fﬁf%&?

_1Z¥996-86 __ 00 70330116398
r — 60 p—
V 57OWW5VA’?XX7X5”
— —20.5%05 /S
— = — Q0678 Not v%fuyk4dé%&f7\

327.09
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CEHAPTER VII,

KINESTHETIC DISCRIMINATION EXPERIMENT.

(1) The present experiment was carried out before the
main experiment and four independent groups of subjects were
used, each consisting of 30 adult subjects.

The mean I Q of each group being 40, 50, 60 and 106.

The results are particularly important in showing
a significant difference between the mean scores of the 40 and

50 I.Q. groups.

(2) As these two groups are very close to the two groups
of subjects which took part in the main experiment with regerd
to their mean I.Q's (40 & 50 and 42, 76, & 49.5) respectively,
some of the conclusions drawn from the present experiment seem
to be applicable to the conclusions drawn from the main

experiment.

l. Purpose of the experiment.

The main purpose of this experiment was to investigate
the relationships, if any, between groups of subjects of various
intelligence levels and their ability to discriminate different
weights. In addition it was expected that some other relevant
information would be obtained on the following:- (1) the
influence of misleading visual clues on the Kinesthetic discrim-
ination; (2) ability to improve performance with practice;

(3) Degree of variasbility in dealing with stimuli; (4) Relation-

ship between the distribution of actual scores in particular
trials to the distribution of these scores according to chance;

differences in scores which would be attributed to sex differences.

{2) Selection of subjects and division of them into four groups.

120 adult subjects were selected, 60 females and 60
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males. 90 subjects were mentally defective patients, selected

on the basis of their results obtsined on the Revised Stanford-
Binet Intelligence Scale, the 30 remaining subjects were members
of the nursing staff selected at random by the Chief l7ale Nurse

and the Matron.

Mentally defective subjects were divided according
to their I.Q's into three groups. Each group consisted of
30 subjects, 15 male and 15 female patients. ‘he I.Q's of the
first,group varied between 38 and 42, the mean I.G. being 40;
the I.Q's of the second group varied between 48 and 52, the
mean I.Q. being 50 and the I.Q's of the third group varied
between 58 and 62, the mean I.Q. being 60, The I.Q's of the
group composed of the nursing staff were not measured, but it
could be safely assumed that the mean I.Q. of this group would
be somewhere about 106. This last figure represents the mesn
I.QG. of 96 prospective student nurses and nursing scholars
tested by the writer in the last three years on the Revised

Stanford-Binet test, Form L.

3. Apparatus and procedure,

The experiment consists of two parts. For the first
part of the experiment 5 tins of the same shape and colour were
used. Each tin was 4 inches in height and 3.3 inch in diameter.
Each tin was loaded with a different quentity of sand so that
their weights were 200, 112, 224, 336 and 248 gm. respectively.
For the second part of the same experiment, intended to measure
the influence of misleading visuz2l clues on Kinesthetic
discrimination, 5 bottles of the same shape snd colour were
used., Each bottle was the standardized type for 4 fluid ounces,
amber coloured. The btottles were filled to various levels with
different fluids up to the weights 200, 212, 224, 236 and 248 gm
respectively. In the table below are given; number of each

bottle, its weight, type and level of fluid in each bottle.
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!

'Nr of bottle
t

jav]
W\

t

'Weight of the
'bottle in gm.

1

'Type of fluid
| 4

224 ' 200 ' 248 ' 236 212

t

o] = = 2] - - o
- o e . 4 -
-l = o ) 2 -

\] 1

0il 'Ether'Sugar'Glyce-'Paralde-
! 'Syrup'rine. ‘hyde.
1 ! ] 1

2.65'2,55 '2.35 '2.25 ' 2,05
t 1 t

\

!

'Level of fluid
'in inches.

* @ a] e 4 e @ o 4] - e -
- o o @ = 2] @ @ o w -

4. Procedure and Scoring.

Each subject, when sitting comfortable st the table,
has been presented with the five tins and has been ssked to 1lift
them up and point to the heaviest one. Vhen he did so, that
tin was taken away and he was asked to select the second heaviest,
and so on. Two minutes after the first part of the experiment
was completed he was presented with five bottles, and the
procedure was repeated. For each correctly selected tin or
bottle in each trial he was given one point; for each failure
0 was given, so that each subject could score between O and 8
points in both parts of the experiment. In the course of the
experiment it was also recorded whether he has used one or both
hands throughout the whole experiment, or whether he switched
from one hand to the other, or from one hand to both in the

course of ris performance.

It should be mentioned thet the pilot experiment was
carried out previously with SO:members of the nursing staff
using tina with weights of 200, 210, 220, 230 and 24C gm.
respectively. As the results were poor and as the experiment
was intended not only for normal but for defective subjects as
well it was decided to increase the difference in weights from
10 gm. up to 12 gm. In order to avoid practice effects 3ll
members of'staff taking part in the pilot experiment were

excluded from the subsequent investigation.

In analysing the results we can confine ourselves to
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the following:-

1) The sum of the scores obtained by each subject and each
group in both parts of the experiment; 2) cslculation of the
statistical significance between the means of the groups, and
finally, some of the results which seem to be compliﬁentary

to the conclusions drawn from the mein experiment. | The results
given below for each group were arranged so that the subjects

from 1 to 15 were males and from 16 to 30 females.

Kinesthetic discrimination.

Group of 30 subjects with mean I.Q. of 40.

[} “r

* A\ i
'Nr of subject ! Sum of Scores ! X !
' ' 1 i
A ' T t
! l A 2 \ 4_ \
\ 2 ! 3 \ 9 !
1 5 1 3 t 9 1
14 4 ] 3 t 9 ?
1 5 t 5 |l 9 1
] 6 t 4 ] 16 1
1 7 \ 5 | 9 t
! 8 \ 2 1 4 t
\ Q9 t 4 t 16 1
t 10 1 1 v l 1
' 11 ! 4 ' 16 !
! 12 1 3 1 9 !
! 13 ! 5 ! 25 '
t 14 ot 1 t 1 t
! 13 ' 5 ! 25 !
\ 16 ] 2 ! 4 1
! 17 ' 5 ! 25 !
1 18 1 3 A\ 9 !
t 19 1 3 1 o] 1
\ 20 1 3 ' 9 t
\ 21 | 3 1 9 1
t 22 t 6 1 56 1
! 23 \ 3  { 9 A
\ 24: \ 2 ! 4 !
' 25 ' 6 ' 36 '
t 26 ' 5 t 25 1
Al 27 1 2 1 4 1
! 28 ! 5 ! 25 '
[} 29 1 2 1 4 ]
' 30 ' 5 ' 25 '
t ? p \

N = 30 s(¥) =101 S{X) = 294

Mean=% __ S(X) 11 _—— 3.066

N 30
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Kinesthetic discrimination
Sum of scores

t
't t
]
1

Group of 30 subjects with mean I.Q. of 50.

'Nr of subjec

]
]
\

Rl T

Lol ol T o o i o I T I I S T T T P,

DNOOVOWVWWVINOHOEESENDHNOMNOO©OON WM O ON D

Lol o o o o o R o T R o T T e = Y N S S

S(X) = 747

141

S(X)

30

-—
-—

u

4.7

141
30

Mean



Kinesthetic discrimination.

Group of 30 subjects with mean I.G. of 60.

?
]

'‘Nr of subject

X
Sum of scores

30

1

- 5.01

1 1 1

4 \ ]

14 1 1
| t 1 \
4 ? 1 |
1 l 5 4 25 !
t 2 t 5 t 25 4
] 3 6 1 56 1
1 4: i 6 1 36 1
n 5 ? 3 1 9 1
1 6 1 l7 1 49 1
t t 1] 1
: : ' : : ¥ -
1 9 1 6 t 36 ?
! 10 ' 6 ' 36 '
t 11 ' 5 ' 25 '
' 12 ' 4 ' 16 '
' 13 ' 5 ! 25 !
! 14 ' 5 ! 25 '
' 15 ' 6 ' 36 '
! 16 ' 4 ! 16 '
! 17 ' 6 ' 36 t
' 18 ' 3 ' 9 '
' 19 ' 4 ' 16 '
' 20 ' 5 ' 25 '
1 21 1 3 1] 9 ]
' 22 ' 5 ' 25 '
' 273 ' 4 ! 16 '
' 24 ' v ' 49 '
\ 25 ' Vi ' 49 '
' 26 ' 6 ! 36 '
! 27 ' 5 ' 25 '
' 28 ' 6 ' 36 '
' 29 ' 4 ' 16 '
! 30 ' Vi ! 49 '
1 1 1 t

= 30 S(X) = 154 S(X) = 832
S(X) 154
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Kinesthetic discriminstion.

Group of 30 subjects composed of nursing staff.

* t \] 1
' ' X 1 , '
'Nr of subject Sum of scores ! X '
1 . t 1 ]
t 1 1 ]
' 1 r 5 ' 25 !
' 2 ' 6 ! 36 !
1 3 ' 4 ' 16 !
' 4 ! 8 ! 64 !
' 5 ' 8 ' 64 !
' 6 ' 8 ' 64 ?
' n ! 8 ' 64 !
1 8 t ” ! 49 '
' 9 t 5 J 25 '
! 10 ' 4 ' 16 '
' 11 ! 5 ' 25 '
' 12 ' ) ! 26 '
1 13 ' 8 ' 64 !
' 14 ' 6 ' 26 '
' 15 ' 4 ! 16 !
' 16 ' 8 ' 64 '
! 17 ! 6 ! 36 !
! 18 ! 5 ' 25 t
! 19 ' 6 ot 36 '
1 20 ' 6 ! 36 !
! 21 ' 5 ! 25 '
' 22 ' 6 ! 36 !
' o3 ' 5 ' 25 !
' 24 ' 3 ' 9 '
! 25 ' 7 ' 49 '
! 26 ' 6 ' 36 '
' 27 ' 7 ! 49 !
! 28 ' 6 ! 36 !
! 29 ! 5 1 25 1
' 30 ' 6 ! 36 '
1 1 1 ]
N= 30 S(X)=179 S(®™=1121
S(X) 179 5.966

Mean = }—(-__-:
' N 30
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Calculation of significant difference between means.

As the means of the groups which have to be compared

are relatively small we shall use the formuls:

[5-% [
T L) TE . LT

.Zé_

I. M
Group of 30 subjects with Group of 30 subjects with
mean 1.Q. of 40, mean I.G. of 50,
N=30 N =30
S(X,) =101 S(X,.) =141
S5(X}*) =294 S(Xt) =747
, =3.066 X =4,7
4

t=2,0502 Jéy et 57% level .
II
Group of 30 subjects with Group of 30 subjects with
mean I.Q. of 50 mean I.Q. of 60
N =30 N =30
S(X,) =141 S(X,) = 154
S(Xf) =47 S5(X4) = 832
X, = 4.7 X‘= 5.01

1=0.8164 L 57'

. /

IIT.
Group of 30 subjects with Group of 30 subjécts composed
mean I1.Q. of 60 of nursing staff.
N =30 N =30
S(Xs) = 154 - S(X.)= 178
3(X;}) =832 S(X:z)= 1121
X =5.01 X =5.966

/ 4L

t=1.367 L ‘5(7
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Two things may be observed from the table below,
first, the influence of the misleading visual clues on the
performance improvement due to practice and second,differences

in weight discrimination due to sex.

Sum of scores

Male subjects Female sub jects

1 1 1
1 t t
] ] 1
1 ] 1
4 4 1 A\
1 1 1 ]
t 1 ] 1 ] '
' ' Tins ' Bottles' Tins ' Bottles !
t t ? [ t t
1 1 1 1 ? ]
'Group with mean I.Q, 40 ¢ 24 22 ' 30 ! 25 '
1 ] 1 ] t 1
v " m_ 50 t+ 32 v 39 + 33 1 37 '
[] 1 1] 1 \ 1
't " " " 80 v 39 + 39 ' 44 32 '
Y 1 1 1 ! t
'Nursing Staff. ' 44 * 48 v 45 1 42 '
"Sum of scores for each ' ! ' ' '
'group in each part of the' 139 ' 148 + 152 ' 136 '
'experiment. ' ' ' ' '
| 1 [} t
' TOTALS. ! 287 ' 288 '

1 . [] ]

\

A number of tentative suggestions could be made on the

basis of the above results.

(1) There is practically no difference between the sum of scores
obtained by male and femszle subjects in the two parts of the

experiment.

(ii) In the first part of the experiment concerned with weight
discrimination between various tins, female subjects obtained
better results than males,

In the second part of the experiment concerned with
bottles, males obtained better results than female. These
differences between the sexes, although statistically not
significant, may suggest that femsle subjects are slightly

better in the discrimination of different weights, but that
they are also more suggestive to misleading visusl clues, and

because of this they do not show improvement in the course of
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the experiment. On the other hand, male subjects, although
not as good as females initially, are less suggestible in
respect of misleading visual clues and thus they subsequently

show some improvement, probably due to practice.

(iii) With regard to the two groups with mean I.Q's of 40 and
50, the first one does not show any improvement, either male
or female subjects. On the other hand, male and female

sub jects belonging to the second group show improvement, which

could be only described as due to practice.

The degree of variability in dealing with the

presented weight is given in the table below.

'"Freguency of response !
'One hand em- 'Switch from 'Both hands em- !
'ployed through-'one hand to 'ployed through-'
'out the whole ‘'another or ‘'out the whole

- - w® - -

'performance. 'from one to 'performance. !

! ! 'both hands, !
'Group with mean ' ! ! !
'I.Q's of 40 ! 26 ! 3 ! 1 !
'Group with mean ' ' ! !
'I.9's of 50 ! 17 ! 10 ' 3 !
'Group with mean ' ' ' '
'T1.9's of 60 ! 14 ! 11 ' 9 !
t ? t 1 ]
! 10 ! 11 ! 9 !

1

'Group of Staff
?

Although it is difficult to draw any valid conclusions
from the results given in the above table, nevertheless the
pattern of responses seems to be of some value. It could be
observed that as we move up the intelligence scale the groups
tend to show greater variety of responses. It should also be
noticed that the widest gap in responses is between groups with

mean I.Q's of 40 and 50 respectively.

The problem of the exact evaluation of the results
in Kinesthetic discrimination appears to be complicated because
successive as opposed to simultaneous comparisons seem to

involve two entirely different mental operations.

The analysis of the relationship between the distribu-

tion of actual scores in particular trials to the distribution
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of scores with a chance distribution is very instructive and
interesting. As the scores of each subject were recorded in
each trial, it is easy to find the sum of scores of each trial
for every group. It is equally easy to calculate how the
actual sum of the scores would be distributed by chance; in

the table below is given the distribution of actual scores in
particular trials in the first and second part of the experiment,

and also their distribution according to dhance.

Distribution of scores in the first part of experiment (Tins).

! ! Score s !
? ] ' ' A\ !
'Number of trials, 'l ! 2 ! 3 4
\ 1 1 t 1 1
'Group with mean I.g's of 40' 8 M R AR
A\ 1 f || ] |
1 n 1" 1t 1" ) 501 12 t 12 ' lg 1 22 !
t 1 1 ' ! t
] i n " " " 60 t 20 ] 17 t 23 ! 23 1
\ t 1 1 t 1
'Group of Staff, ' 20 ' 22 ' 23 ' 24 ¢

Distribution of the sum of the above scores according to chance.

1
\

Scores

- ] -

\]

1 t 1 1

'Number of trials 1 ' 2 ! 3 ' 4 '
A 4 1 ] 1 1 ]
'Group with mean I.Q's of 40' 8.4]1 ! 10,51 ' 14,02 * 21,03 !
] 1 4 1 4 |
ton " " " " 50" 10,13 ' 12.66 ' 16.88 ' 25.32 ¢
t ] 4 1 1 ]
v " " " " 60' 12,93 ' 16,16 ' 21.15 ' 32.33 t
L 4 b § 1 t 1 ]
'Group of Staff. ' 13.87 ' 17,33 ' 23,11 ' 34,67 !

1

Distribution of scores in the second part of the experiment

(Bottles)

1 1 Score,s '
1 1 [] ¢ | t
tNumber of trials 1 1 . 2 , 3 ' 4 .
' 1 [ A t
'Group with mean I.G's of 40: 8 ' 8 : 18 ' 13 .
' ? [ ]

roon " " " " 50+ 12 ' 19 : 22 ' 23 :
| ] [ ' 1 1]
t " " 1 " 1" 601 14 . 14 ) 21 ' 28 .
? g [ 1 ]
'Group of Staff | v 21, 21 ' 24 ., 24 |
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Distribution of the sum of the above scores according to chance.

! ! Scores !
1 1 ] ] 1 |
'Number of trials ! 1 ! 2 ! 3 ! 4 !
t 1 4 t 1 1]
'Group with mean I.Q's of 40.' 7.3 ' 9,15 ' 12,2 ' 19.09
1 1 ] ] |
voon " roooon " 50 ' 11.84 ' 14,80 ' 19.74 ' 29.61 !
4 ? 4 1 1 ?
roon " " 1 " 60 ' 11,06 ' 13.83 ' 18,44 ' 27,73
1 | t ] 1 t
'Group of Staff ' 14,02 * 17,53 ' 23,37 ' 35,06 '

If we present the actual scores obtained in particuler
trials and the chance distribution of these scores in the form

of a graph, then a number of interesting observations may be made.

(i) On the whole the curve of the actual scores appears to

. accompany the curve of scores distributed by chance in the group

on the lower end of the intelligence scale. Uhen we move upwards
these curves diverge more and more. The factor responsible for
this growing divergency is obviously the fact that more correct

Judgements of weight are being magde.

(ii) The above curves seem to be more close to each other in the
first part of the experiment dealing with tins than in the second
part dealing with bottles. In this cese, the fector determining
the divergency Between the curves seem to be the suggestibility
of the subjects caused by the various levels of fluid in the

bottles.

(iii) If we analyse the relationship between both curves in
particular trisls then the picture is as follows: in trial 1,

2 and 4 both curves are close to each other as far as the group
with mean I.4's of 40 is concerned. As we gradually move
uprards in the intelligence scale the gaps between both curveé
within those particular trials grédually widen. The divergency
between the curves is the widest with the group of staff. The
relationship betveen both curves is reversed'with regard to triel

number 3, i.e. the gep between curves is the widest in the leest
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intelligent group and it greduslly closes as we move uowerds
through defective groups towards the group composed of nursing
staff, It is impossible, however, to offer any explanatioﬁ

of this phenomenon at present.

(iv) We should also mention the shape of the curves representing
the actual scores. The shape of this curve is more curved with
the groups of defective subjects and it gradually becomes

straight vhen we come to the group of nursing staff.

Summing up the results of the above experiment it cen
be said that there is @ significant difference, s far as
Kinesthetic discrimination is concerned, between scores obtained
with groups with mean I.Q's of 40 and 50 respectively. There
1s no significant difference between the scores obtained with
groups with mean I.Q's of 50 and 60, there is also no significent
difference between the group with mean I.Q. of 60 and the group

made up of the nursing staff.

The other differences between the results of the four
groups under investigation, such as the influence of misleading
visual clues on the weight discrimination, ability to improve
performance due to practice, etec., are statistically not
significant, but they seem to be more pronounced between groups
with mean I.4's of 40 end 50 respectively then between any other

groups.
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CHAPTER VIII

DISCUSSION OF RESULTS AND CONCIUSIONS.

The most significant outcome of this investigetion
is concerned with the esteblishing of the relationshin between
the pressure exerted by the hend while drawing some simple
geometrical figures and the vperformence time. These two
variables correlste in the two groups of mentsl defective
subjects at various intelligence levels and g2lso in the third

group composed of nursing steff.

There is no nositive correletion between S.R.T. and
pressure, or between the S,R.T. and performence time in any
of those three groups, except a slight negaetive correlation
between the S.R.T. end performesnce time which is present in

Group T.

If attention is focused in turn on the difference
between meens of verious tests obtained with the three groups
under investigation it can be said that there is statisticelly
significant difference between the mesns of the S.R.T. pressure,
and performance time, between the Group II, and the Group made
up of Nursing Staff; there is also significant difference
between means of the S.R.T. pressure, nerformance time, verbal
and performance tests, between both groups composed of mentally
defective subjects. There are also differences between the
two last mentioned grouvns with regerd to their drewing abilityv,
scholastic attainments test, 2bility to improve drawing by
prectice and the tendencyv to drew a smaller figure in each
subsequent drawing, =although these differences were not
interpreted stetisticelly. It seems there is hafdly any
need for the statistics wit» regard to the comperison of the
drawing ability, and scholastic attainments of both grouvs.

The respective tables show thet the existing differences
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are too big to be non significent, The other two items, i.e.
ability to improve drawing by prectice, end tendency to draw =
smaller figure in each subsecuent attempt, 2lthoueh interestine,

seem to be of lesser irportance for the present investigetion.

The gap between the two groups composed of mentslly
defective subjects, which are significently different in every
test given to these groups, is further accentusted by the
results of the Kinesthetic Discrimination experiment. The
first two groups @t the lower end of the intelligence scele
which took part in this exveriment, es frr as their mean I.C°s
are concerned, are very close, to the two gr-ups wihich took
part in the mzin experiment, =°nd tre conclusions drevn from the
main experirent cen therefore be suvplemented bv the conclusions
drawn from the Kinesthetic experiment. Here ~g~in there is
sienificent difference in ebility to discriminete between
various weights between the two grouns composed of mentrlly
defective subjects with their me<n I.G's of 4C 2nd 50 resvect-
ively. There is no significant difference betireen the groun
of defectives with 2 meen I.(Q. of 60 ond the eroup of ntrsine
staff, With regard to other differences, as for instance,
rigidity of responses, obtrined in the Kinesthetic Discrimineftion
experiment with various erouvs, these #re much more nronounced
between the two gmups with meen I.Q's of 40 and 50 resnectively,
than between the groups with mean I.Q's of 50 2nd 60 or between

the group with meen I.0. of 60 2nd the group made unp of nursing

staff.

If a very generel joint conclusion is drevm from the
results obteined in the msin £nd Kinssthretic Discriminetion
experiments with regerd to the grouvns a2t various intelligence
levels, then it can be s=2id that trtere is s much wider #3v or
difference in results of various tests between the two grouns
with their spproximete mean I.G.'s of 40 end 50 resrectively,

then between eny other neighbouring two erouns higher up the
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intelligence scale, At this perticuler-level of the intelli-
gence scale (between 40 end 50 I.Q's) all results of various
tests rise very steeply, at a different rate of co rse, cnd
then their further rise, with regerd to the grouns of subjects
placed higher.up the intelligence scale, becomes only slight,
resembling in some way the gradual rise of the intelligence
curve, In order to illustrete the different rete of rise of
the curve of results obtained of verious tests, the results of
drawing, pressure end weights discrimination tests should be
considered, 8 far as drawing of simple geometrical figures
is concerned there seems to be no difference between the results
of Group II snd the results of nursing steff. With ree2rd to
nressure test, both these groupé are significently different.
As far as weights discrimination is concerned there is no
significant difference between the results obtained with the
group of mental defective subjects whose mean I.7., is 60 2nd
the results of nurses, Although the curves illustrating
diagramatically the results of various tests obtained.wit%
groups 2t various levels of mental development, 2re all risins
sharply with regard to the two groups with mean I.Q's of 40 2nd
50 respectively, some oflthem may, however, be no perallel to

each other or to the gradually rising curve of intelligence.

Iﬁ summing up,it may be said that on individuel,
whether normal or defective, may achieve various results in
different tests, some of them, in spite of differencesin their
rate of rising and the position to the curve of intelligence,
may, and they do, correlete. Results of other tests obt=ined
with mental defective subjects; which do not correlzte with each
other may show considerable variations with regerd to results

obtained with the so called normal group.

It may safely be se2id that results of the seme test
carried out with various groups at different levels of mental

development if connected together would not form a curve par=llel
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to the grzdually rising curve of intelligence.

Another important outcome of this work is concerned
with the drawing ability of simple geometricel figures by the
defective subjects at different levels of mental develoopment.
Results of drawing tests cerried out on 120 mental defective
subjeéts within the renge of I.A.'s 38 - 57 on the Revised
Stanford-Binet Intelligence Scale Form L show that there are
various degrees of difficulty involved in drawing of different
angles, The easiest to perform is the right angle, and the

most.difficult is an obtuse angle.

Ability to draw the last mentioned angle is highly
correlated with an ability to drew a diamond. The correlstion
between ability to draw an sppropricte angle snd the simple
geometrical figure is not limited to en obtuse angle and a
diamond. It seems that the positive correlation is maintained
with regard to subjects 8t the lower end of the intelligence
scale between an ability to draw a curved line and circle,
between a2 right engle and a square, and between en scute angle
and a triangle. It is possible tb say that an ability to draw
. any simple geometrical figure is directly determined by the
ability to perform an essential part of it, i.e., a curved line
Oor an appropriate angle. This generalization apvpears to be
fully justified by our drawing experirents, observetions derived
from routine testing of mental defectives, and by the analysis
of drawing requirements embodied in the Revised Stenford-Binet
test. According to the above test an averege child of three
years should be able to draw a circle, of five years a square,
and of seven a diamond. Observations with regard to various
degrees of difficulty involved in the drewing of different
angles by mental defectives seem to be in complete agreement
with the drawing requirements oif the Stanford-Binet test.

Both of them,drawing requirements of this test, and observations,

point out the existence of various distinct levels of mental
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development through which any normal child would pass in the
course of his rmaturation, but a mental defective subject may
fail on some of them according to the degree of his arrested
motor development, which may be, however, in some variance with

his intellectual achievements.

It can be concluded thet the failure to draw some
angle, or a simnle geometrical figure By the mental defective
adult subject, depends on the attained level of his motor

development.

It cennot be agreed that the failure to draw a simple
figure can be adequately explained in terms of the existing

perceptual errors.

Analysis of drawing failures, ability of all patients
who failed to draw a diemond, to identify it emong other figures,
and results of the inguiry, indicste that the perception, however
defective i1t may be among our subjects, cennot be held respons-

ible for failures to draw simple figures.

By postulating vaerious levels of motor development
the failures to draw some angle or simple geometricel figures
as being above the attained level of motor development of an
individual cean be explained to a certain extent; but this
explanation has only a limited value because of its high
degree of generalization, If it is accepted that the failure
to draw some particular angle or simple figure cannot be
explained in terms of perceptual error, but by the attained
level of motor de#elopment, then the next logical step is to
analyse in detail some particuler motor level. It is possible
to venture the simple statement that any angle or simple figure
can be drawn by the subject if he is able ito execute the
necessary hand movements, anyv failure in drawing is determined

by his inability to make the appropriate hand movements.

Circular movement such as is required when @& circle
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or a rounded line is drawn can be performed by an average
child of three years old, that means at a very early stage
of maturation, The most characteristic feature of that
particular movement is the gradual change in the direction
of the moving hand while the number of rmuscle fibres imvolved

remain roughly the same throughout the whole motion.

Angular movements such as are required when various
angles or simple geometrical figures are drawn, cre at a2 more
advanced level of motor development. They are craracterised
by the relatively sudden change in the direction of the moving
hand, and a considerable variation in the number of muscle
fibres engaged in their execution. The angular changes in
the direction of the moving hend are effected by the haermonious
interaction between two distinct groups of muscles, i.e.,
between flexors and extensors, Drawing of various angles or
figures involved various degrees of interaction between the two

above mentioned groups of muscles.

The interaction between flexors and extensors, as
required when angular changes in the direction of the hend ere
executed, seems to be adveréely affected by the phenomenon
which I call 'dominaence of flexors' This phenomenon can be
explained more clearly by the following example: when a rigrt
angle 1s drawn by a normal person the vertical arm is executed
by a flexion of a thumb, the index and the middle finger;
the horizontal arm is subseguently executed by the extension
of the wrist and fore-arm muscles; drawing of this angle by
some mentally defective subjects show rounding up of the angle
itself which is due to their inability to inhibit flexor
activity at the turning point. Some other drawings by defect-
ive subjects show not only the rounding of the angle but also
the curving upwards of the horizontal erm of a right angle;
which seems to be due to their inability to inhibit flexors

for a prolonged time. (Chapter III, Figure 2, drawing 1),
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In short, the action of flexors overlap the action of extensors
at one or more points of the performance, resulting in failure

to draw an appropriate angle.

Results of the drawing experiment carried out with
the mental defective subjects show verious degrees of difficulty
involved in drawing of right, acute and obtuse sngles; a
right angle was the easiest to draw, snd an obtuse angle the
most difficult. This could be easily explesined, if, during an
attempt to analyse movements ipvolved in the drawing of some
particuler angle, the previously mentioned concept is kept in
mind, i.e., ddminance of flexors. The change in direction of
the moving hand, as required when a right angle is drawn, is
effected br the interaction between relatively weak flexors
and powerful extensors. Beceuse of the considereble difference
in the number of the ruscle fibres involved in each of the two
separate hand movements, initial dominance of flexors is
subsequently successfully neutrelized by the powerful extensors,
and hence a remarkable success of defective subjects in the
drawing of a right angle. The change in direction of the
moving hend, as required vhen en acute angle is drawn, is
effected b the interaction of flexors end extensors in which
the number of muscle fibres involved is roughly the seme.
Dominance of flexors is much more pronounced then, and the
success of drawihg is déclining. The most comvlicated movement
however, is required when the drawing of an obtuse angle is
attempted. The verticzl erm of this angle is effected by the
flexion of the three previously mentioned fingers, the second
arm is effected not only bv the extension of the wrist 2nd fore-
arm muscles, but also by the further, however diministed flexion
of the three fingers.  The change in the direction of the
moving hand as. required when an obtuse angle is drawn is ~1lmost
impossible for meny young children and low gr=de defectives,
and, because of that, drewing feilures are most freguent in

our experiment.
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Dominance of‘flexors with regerd to en unsuccessful
attempt to drew an obtuse sngle is manifested in tvo orincipel
ways during the drawing of the second arm of the r~ngle. “Then
the flexion of the three fingers cannot be sufficiently
diminished, then the sﬁbject is dr-wing a streicht line instead
of an obtuse angle; end vhen subjects counteract this flexion
by the extension of wrist end foreerm muscles too strongly then
ne is c¢raving a right 9ngle,instéad of an obtuse =nele, It
should be noted thet the drawing of 2n obtuse angle reocuires,
at first, the employment of flexors mnd then the extensors,
similerly to fhe drawing of right and acute engles, but also
a considerable and gradual modificeztion of flexor activity

when extensors play their nart.

Inebility to execute thet particuler comvnliceted
movement, which is temmorary in norma2l voung children and wich
may be permenent in some defectives, is the cruciel fector

determining the failure to draw an obtuse angle or a diamond.

On the whole,it mev be seid thet the motor develon-
ment of an average child passes trrough certein distinct levels.
They are manifested in the progressive 2bility of 2 child to
execute, at first, the curved line or a circle, then e risht
angle or a square, end finellyv an obtuse engle or aldiamond,

The motor development of some of the mentz2lly defective subiects
can be zrrested at ahy of those levels. Feilure to nerform
any of the a2bove mentioned figures is due to the insbilitv of
an individuel to form the 2pprovoriate motor vatterns. Te
chief difficulty in the formation of motor nctterns seems to

be due to the dominance of flexors over extensors, An averoae
child in the course of metureation can_9nd does overcome to a
considerable extent this dominence of flexors, but same of the

mentally defective subjects are able to co this only to 2 very

limited extent.

In chepter one of this work we rttempted to -n=lyvse =2
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variety of skills, 2nd it was observed thzt in 2nyv one of them
there were alweys present the three followine f~ctorsi- force
or pressure exerted b;” muscles, nerformence time, snd veri-~tions
in the direction. These three factors were accented =s thre
essenti~l components of anv skilled performence. It vre 2ls0
sald that the degree of simple skill depends on the hermonious
interplay between these three commonents, whichk 2re in turn
closely interrelated, Any immoirment in enr of trem would
influence directlyv the other two, end indirectly the decree of
skill. These three essential components of anv skill seenm

to be prirerily innete, and becsuse of thet they can be improved

by practice only to a linited extent.

It is now nossible to consider the results of the
drawing performsnce obtained with the two grours of mentellw
defective subjects ot different levels of develovment snd with
one groun composed of nursing steff, 2nd review those results

in the terms of skill.

It was possible to esteblish experimentellv the
relationshin existing in a2ll three investigeted erouvs, between
the pressure exerted by the hend during the drevine »snd its
performance timre, This relafionship is manifested in a
positive correlation between these two varisbles, and it is
independent of the developned mental level of 2 groun. Al
three groups are significantly different as far -s mesns of the
pressure 2nd performance time tests are concerned. Group I
and Group II are elso significsntly different witr regerd to
their drawing ability of simvle geometrical figures, whicl, as
was stated before, is determined bv 2n abilityv to =erform
angular chsenges in the direction of the moving 17end. The t.0
groups, comvosed of mental defective'subjects ¢t different
levels of mentzl development, are significently different with
regard to the three essential componénts of sxill, moreover the

two of them are correlated,'it is vossible to s2y, that trese
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two éroups are also significently different with regard to

the degree of attained skill. Thre differences betreen both
groups ere not limited to the purely motor skill as en obilitr
to draw simple geometrical figures, but there is o wide
difference between them with regard to the more comnliceted
skilled performence, =2s for instence an abilitvy to write. !
Both groups composed of mentally defective subiects =re not
only significently different in the simple skilled nerformance,
2s writing ebilityv, they core elso significantlv different in
every test carried out with both grouns, even in those tests
which cannot be lasbelled ss the skilled performences, as for

instance, the S.R.T. and the Kinesthetic Discriminetion test.

N

If seems to be possible to meke some generalization
by saying that if the two groups of subjects 2re at different
levels of skill, i.e., are significently different with regard
to the three essential components of skill, they are eglso bound
to differ significantly in #ny other nerformence, It does not

matter whether more or less skill is required.

Group II and the Group composed of the nursing st~ff
are significently different with regard to results obtained
vith pressure and performence tests, but differences in drawing
ability of both groups seems to be somehow unclear. In svnite
of the fact that all subjects of Group II vere able to draw en
obtuse angle and only verv few of them failed to draw a diamond,
it cannot be said that Group II is equal to the Group made up
of nursing staff with regerd to drawing aﬁility° llembers of
nursing staff drew all required angles without visible effort
and without failures.x Subjects of Group II drew an obtuse
angle, although correctly, with a considereble effort; there
were also some feilures, however, infrecuent, not only in dr-~wing

of a diamond, but even in the drawing of right sand acute angles.

These 'unnecessary' drawing failvres and also elfort in the

¥ See Chapter V for times.
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execution of an obtuse angle, occuring in Grouv II indicate

that the motor patterns were poorly esteblished et that
particular level of develOpment and bence the regression to

the earlier and simpler levels where motor patterns were better
developed. Because of differences between both groups with
regard to the performance time and ovressure exerted while drawing,
which are significant, end because of the difference in the
ability to vary hand direction, which is less obvious but
nevertheless existent, even in such a simple performance é&s
drawing, it can be concluded thet both grouvs sre significantly

different in their respective skills,

Results of préssure and performance time tests
obtained with the Group of nurses vary considersbly between
individual subjects. Their 2bility to vary hend direction
seems to be less varisble in the simple drawing performance,
but it is conceivable that with the introduction of more
skilled performances than the drawing, and with the use of
precise measuring instruments, it would be possible to find
as wide variations in that particular ability at an adult level
as there are among young children and mentally defective sub-
jects., It seems trat any skill would depend ultirately on the
interrelation and interplay between the pressure, —erformence
time, and the ability to vary direction, which were defined as
the essential components of skill, These three skill-components,
the time of their maturation and deterioration seem to be innete
and particular to each individual. Practice mey modify to a
certain extent an interplay between them and possibly the

durability of their efticient operatioh in one's life-time.

The present work, initiated by‘a few observations
and basic assumptions made in connection with unsuccessful
attempts to draw a diemond by a mentally defective subject,
consisted of a series of experiments carried out with the

three groups of subjects at various levels of their intellectual
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and motor development. The results of these experiments
prove that these groups are significsntly different with
regard to every test given to them, and that ttere is a
definite relationship betwen the hend pressure exerted
during the drawing and its performence time existing in each
of these groups. The results of drawing exveriments seem

to point out that an ability or inability to draw simple
geometrical figures, i.e,‘to execute the eppronriate hend
movements, is motor and not perceptual in origin. The three
factors, i.e., the hand pressure, performance time, end ability
to vary hand direction, manifested in any drewing performance
seem to be closely interrelated. They also eppear to be the

essential components of any motor skill,.

The last statement, or rather a tentative hypothesis,
put these experiments into a very large framework embracing
a variety of repetitive comvplex motor responses which can be
roughly defined as skill. It also opens nev vistas into an
investigation of skill, not only at verious intellectu=2l levels,
buf also with different age groups. It seers to be vossible
to make here some suggestions with regard to the direction of

experimental investigation of skill,

(a) Skill maturation.

The following problem hss to be answered: when does
an average child reach the adult level vith regar? to the three
essential components of skill, and which of them is the first
to maturate? An experiment ofyoung children with the use
of pressure and performance time recording apparatus may be

of some help.

(b) Skill deterioration.

There can be little doubt that the skill of an
individual deteriorates as his age advances; there are a

decreasing number of oldish people in jobs which require motor
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skill; an age limit is necessary in the case of mnersons who
have to undergo speciel training in the armed services; a
considerable difficulty is encountered by the aged in the
learning of some skill, These fully support th: above stzte-
ment.

It seems to be possible to design and carry out 2
series of experiments with oldish people which may indicate
their time of deterioration and which one of the three

essential components of skill is the first to deteriorate.

(¢) Comparison between Groups of skilled and unskilled subiects.

As a matter of scientific interest it should be
possible to investigate and comvare the results of hand pressure,
-performance time, &nd ability to very hsnd direction, in two
groups of subiects 3t approximetely the same level of intelli-
gence and of atout the same eage. The first groun of subjects
should possess a high degree of some manual skill, and the
second should be comnosed of subjects who ere known to be
'clumsy' end devoid of physical skill. If mv concept of skill,
and particularly its composition is right, the positive results
-of such an experiment could be of some value with regerd to
the selection and treining of individuals for skilled

occupations.

(d) Effects of practice on skill.,

It seems to be easy to investizate the trree essentiol
components of skill in a l=rge group of persons Tho zre about
to commence training in some menual skill, and to reveat the
seme experiment some time later when they heve reached a certein
level of proficiency. It would be very interesting to see
whether there is esny correlation between their progress in

acquisition of skill end irprovement in skill components.

(e) Ability to vary hend movements.

This particular ability was partly investigated in
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my experiments et the lower end of the intelligence scele.
It would be interesting to explore it in everage skilled or
unskilled individuals. The use of pursuit meters may be

quite useful.

(£) Dominance of flexors.

It was previously suggested that ebility to vary
hand direction is directly detérmined by the degree of inter-
action between flexors 2nd extensors. Feilures or impeirments
in varietion of hend moverents were attributed to tre distortion
of the intéraction between the two groups of opposite muscles,
due to dominance of flexors. Meny experiments can be designed
end carried out to check this concept. which, if nroved, meyv

be a considerable contribution to the body of knowledge.,

In the course of tris ﬁork'l encountered many
problems which I was unable to pursue or to expl2in, as for
instance the tendency to decrease‘each subsequent drawing in size,
or the influence of epilentic fits and drugs on the Simple
Reaction Time. It does not matter whether these topics
are somehow connected with skill, or whether they constitute
separate problems, in either case, they deserve some attention

by experimentel psvchologists.
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ABSTRACT.

It was observed thet mentel defectives, wro vere
unable to drew a diemond, revesled en associasted decrease in
their nerformence time o~nd increase in hend pressure.

Closer studyv of the fsilure to execute 2 disrond
suggested the hypothesis thet the chief difficulty consisted
in the petient's ineability to draw the obtuse aneles, i.e. to
make thet perticul~r 2neulsr chenge in the direction of tre
moving hend.,

Subsequent exveriments confirmed the clonse rel~tion-
shin between the abilitv or inabilitv to drew e di~mond end thre
draving of =n obtuse cnrle. Verious degrees of difficulty
involved in the drevine of different aneles viere 2lso deﬁdnsfra-
ted. These exnreriments ~lso indicated thet neatients with» an
I.Q. below 38 could not draw en ohtuse Angle or s diamond, vhile
subjects with an I.Q. above 57 could.

The mein experiment consisting of 2 battery of tests
was carried out on fvo erouns of defectives 2nd = trird eroun
comnosed of nursing staff. The I.C.'s of both erouns of defect-
ives veried between 38 and 57. The subjects in the first eroun
could not while those in the second groun could drew sn obtuse
angle.

The results of the main exnmeriment showed e significent
difference between the mesns of the three erouns for Sirmle
Reaction Time, Pressure e#nd Performance Time tests. Trere weas
also a significant difference between the means of verbal ond
practicel tests of both grouns of defectives. In a2ll three
groups positive corfelstion vas established between the Pressure
and Performance Time tests.

On the whole, drawings, as other skilled verforrences,
were shown to depend on the ability of tre individual to main-
tain and v2ry direction and pressure, end the correct timine
of these nctivities. Thece three f2ctors would anppear to be

the essential components of skill studied.
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