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A lt::d? wag made 'of the forces which plicts ccmld ho @xpected {0 apply to aireraft conirols operated frcin
tii% prone pwmon. Thves dimammm & hand moveinept suitzble for c«peration of elevater, rudder, nad
ailsrca contzdls were tested on subjects in aach.af € nrone positions and in the seated: mmon. Fromthe
staudpoint of forces which can be applied %o herd opergéied controls, the prone pos!ttoa comparas faverably @
with the seatéd position. The prote is superior 1o the seated pos’tlon for opplication ¢2 pull forces on ‘
elevator contzels, but is inferior to the Waﬁed position for the rotation movement normally used Zor atispss -
conirol, The push right-push luft mmmqnt dimension, sgitable for opsration of \mo rudder ¢ontrols, 18 '
enfavorsble :or siplication of hizh ma'oi‘ioreoa in the prone positiocn.
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MAGNITUDE OF FORCES WHICH MAY BE APPLIED B8Y THE PRONE PLLOT
TO AIRCRAFT CONTROL DEVICES. . THREE=DIMENSIONAL HAND
CONTROLS, BY C. W. BROWN, E, E. GHISELLI, R. F, JARRETT,

€. W. MINIUM AND ROBERT M. U'REN, UNIVERSITY OF CALIFORNIA
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SUBJECT & /I-Xagnrithde of Forces fthioh May Bo Applied by the ,
. Prone Pilot to Airoraft Control Devices. 1. . ;

[ Three-Dimensional Hand Controls, By C. . Browm, {

B, B. Ghiselli, R. P, Jarrett, E. V. liiniwn and H

SECTIQi: Aero Hedical Laboratory

SERTAL NUNBZE; }NCREXD-EOL-ld Expenditure Order lo, 69417
[ —

A, PURFPOSE:

ls A report is submitted whioh has been prepared by Dr. C. Vi. ;
rowrn and co-workers of the University of Califernia under the title H
of "Magnitude of Forcss ¥ihich May Po applied by the Prone Pilot to .
Aircraft Control Devices", Tho purpose of the reported study waes &
detormination of the foroces which pilots could be expeoted to apply e
to aircraft oontrels operated from tho prone position. This study i
covered three dimonsions of hand movement suitable for operation of
elevekor; rudder, and eileron controls fram the prone position.
For purposes cf comparisoi, measursments were also made of the
foross whioh oo:ld bo applicd to the identical hand grips from the
seatad position.

7]

B. FACTUALL DATA:;

2« Prosented as Appendix I is tiw bthird report recoived froam
the Universibty of Californis of cempletod researsh, on tho dosign of
prone position aireraft controls being carried out undor Air Hateriol
Command Contrass Yo, 133=038 0c-15098. Previous repoirts regoived
under this oortract have boen published as lomorandun Reports lios.
TSBAL-GOL~LH and 1CREXD~69L-LI. additional studics hovo bocn
conploted of foress which can bo applicd in several othor possiblo
oontrol dimensicns. These studios will be deseribed in futuro roports.

3. Throe dimensions of control movement wore studied in this
exporimont, &8 illustreted in Exhibit A and Figires 1 and 2 of
Appendix I. ThoSe san be desoribud as "pushemull", "push right-
push loft®, and "rotatien" about tho longitudinel axis, For fiying
an aireraft frem the prene position these movemonts would ds suitablo

. Robert L. U'Ren, University of California, 1 o
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Engincoring Division
Hemorendum Roport Nos 1 CREXD=-60h-1J
I; tarch 1949

for operation respectively of elevators, rudders, and aileronss
Pormevr militery pilots who wero studonts. at the University of Celifornia
sorved as subjects. By usc of a hydraulic system which permitted only
slight movemont of tho sontrol, measuremcnts wora made of tho forsus
in pounds whioh could be applied at the hand grips in tha vorious di-
Mossurcments included both moaximum foroos

monsions uaing both handse

and what tho pilots judged to be reagonable forces, for nine positions
of tho prono bed with respect to the oontrol grips. Comparablo
moasurcments wore mede for onc scotod position while operating tho samo

grips in the samo oontrol dimensionse

L. For a dotailod doseripticn of tho exporiment ond tho rosulte
tho roondor is rcforred %o Appondix I, The most signifiocant data,
namely, tho maximum foroos to be oxpceted from tho strongost, avoragu,
ond woskost pilots is showm in Exhibit 4, aiong with en illustration
of the oontrol dimcnsions, Othor significant findings may bo surmerizod

as follows:

a. For porformanoce of the seme mowvcmonts 03 hené grips tho

osition cemparcd favorably with the scabed position (Seo Table 5,
Yhile in the scabed position more foroo oould bo applicd

pronc p
pernitted the pilots to

Appondix I).
in the "push!.direotion, ®he pronc-position
apply more forco im tho t5u11" dircction, For Npotation® about tho
longitudinel axis (suitable for cilcron contrel) tho scated was somovhot
supcrior to tho prono position., For tho “push right-push ioft"

movemont the prone position was slightly superior %o tho scatod.

bs Therc was no oleerly eptimm position of tho prono bed
with rospect to tho oontrols {Soc Tevle 2, Appendix 1), A position
which was-most favorablo for onc control dimcmsion tended to handiefp
sthor control dimensions, For all movemonts combined tho fromt middle
bod position govo tho highest average control £orooe

0. Of the thros movcmonts studiod tho “push right-push io it
dimonsion gave tho lowost and tho My shepallt dimension $ho highest
control forass (See Exhibit 4, ond appondix I).

¢ CONCIYSIONS,

e

rovm from this stueys

(49

5 Tho following sonciusicns eam bs

. Se
a.. From tho stondpoint of foress which can bo appliod to -
oS :‘ct_’f_\ra}i}l“‘f 'with %ho

“hand opurated ooutrols the prono position ocumph
soatod position for aireraft pilots,
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Engineering Division
Hemoranduwi Report 0. !'CREXD-69L-Ld
Iy Harch 1949

L4

g b, The "push right-push left" movemeént dimension, suitable

° for operation of rudder oontrols, is unfavorable fér application of
high control fdroes, Its uss in the prone position, as opposed to faot
operated pedals in the seated position, would inorease the need for
basst in the rudder control system,

o R ese

0s The prone position is inferior 6 ths ssatsd positicn
for the ¥rotation" movement normally used for aileronm control, Use
of the prone position would, therefore, inorease the need for boost

in the aileron control system.

ekl by

£ ds The prone is superior to the seated position for ap-
’ plication of ¥pull® forces on elevator codtrols,

es Although there appears to be no position of the prone
bed with reference to the oontrol grips which is optimum Tor application
of foroe in all movement dimensions the front middle height position
is prcbably the best compramise, For this bed position the fgrips in
the neutral position are § inches below and 9 inches forward of the
pilot's shoulders.

D. RECOIIEIDATIONS:

6. - It is reoommended that the findings of this investigation be
applied by the Design Branch of the Airoraft Laboratory and the Blophysices
Branch of the Aero ledioal Laboratery in future research installations
of prone position oontrols in siroraft,. 5 e
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MAGNITUDE OF FORCES WHICH MAY BE APPLIED BY THE PRONE
PILOT TO AIRCRAFT CONTROL DEVICES. 1. Three-~Dimensional
Hand Controls. .
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MAGNITUDE OF FORCES WHICH MAY BE APPLIED BY THE PRONE
PILOT TO ATRCRAFT CONTROL DEZVICES. 1. Three~Dimensional

Hand Controls.

Once the advisability of placing the pilot of some parti-
cular aircraft in the prone position has been conceded; the problem
immediately arises as to thé nature of the controls with which
he should be provided. In view of the many ways in which the
experience of the pilot of an airborne craft differs from that
of the operator of any grounded substitute for such a craft, it
appears clear that the only valid test of the relative efficiencies
of several apparently feasible types of control must iie in the
comparison of the speed of learning and ultimate performance of
groups of men initially learning to fly in the prone position

with the several nossible control devices. Some of the questions

raised by the nroblem, however, mav be answered by earth-bound
research., )

Logical analysis reveals many movements and combina-
tions of movements which might be employed in the design of air-
craft controls. Some of these possible comtinations are suitable
for operation by the seated pilot, and it is reasonable to believe
that in more than thirty years of experience with the control of

aircraft frca the seated poasition the most effective controls

would have survived., The writers, however, are not aware of an;
H 3
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psychological study aimed at the discovery of the ideal system
of control from the seated position.

The long and successful use of the stick~and~rg§§§r or
wheel-and~rudder system for the control of conventional planes

is a powerful suggestive influence upon the design of controls

for craft which must be flovm from the prone position. The

psychologist’s experience with many similar problems, however,

¢

would indicate that the mere modifisation of such controls so

they couldﬂgi used by the prone pilct would not necessarily
constitute téé ideal solution to this problem. Indeed, subject~
ive experience suggests immediately that ?udder—control with
such a device would be most fatiguing and perhaps inefficient,
The necessiiy of changing the positicon of the pilot
from the seated to the prone Qosition thus provides an oppor-
tunity to consi;er ;ontrol mechanisms quite different from the
conventional ones, and the investigation to be reported in this
pape; has concerned itseif wilh a three-dimensional hand control

which, on g priori grounds; seemed most likely to Sc optimal for

the prone control of aircraft. We have arrived at our decision

to invsstigate this particular system of hand controls on the
basis of the following consideraticns.
The possibility of injury to one side of the body,

as well as the necessity for the pilot to manipulate other
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should be capable of operation by one hand.* The often=reported
dependence of pilois upon the "feel" of the centrols further
demands that they be of such nature as to require work on the
part of the pilot.s# The degrees of freedom available for
consideration, then, are the degrees of freedom of a point
(within the grip of one hand), the manipulation of which re-
quires that an appreciable amount of work be done.#itt

The weakness of vrist movements implies that of the
5ix degrees of freedom of a point in space (three of translation
and three of rotation) which must be manipulated 2? one hand,

only those associated with translation can be employed for do-

ing work., Thus only the three degrees of freedom of translation

are available.

Since it may often be possible for the pilot to use
both hands in controlling the plane, two contrelling points must
be provided, and these two points may be linked together in
several ways, all of which vermit each point motion of transla-

tion in the same three dimensions. The linkage between these

% The Tison control constructed during the war for use with
an experimental model of a prone-flown nlane suffers the
serious disadvantage that 3t cannot he operated in all three
dimensions of control by a single hand.

st If no work were done, the only information available to the
pilot would be by way of the position of the conirol grips,

and this is almost useless in a rate~controlled situation

such as aircraft contrel. In this connection it is of interest
to note thie findings of MHelson {1) that in general and within
rather broad limits, tracking operations with a hand~wheel become

-6~




.

points may require both points to move in the same or in opposite

directions in each of the three dimensions of movemsnt. Thus

ol

in ‘the fore-aft dimension, the two control points may be linked

the other does 2lsc, but

22 LR 2% Ly o uld

go. that when on2 noint moves forward

linkage could be provided so that when one point moves forward,
the other moves backward., Similarly for right-left or up~dovm
motion the two points may move in the same or in opposite direc~

tions. N
Thus‘although only three dimensions of movement are

possible, several arrangements are available by which these

three dimensions may be employed in a two-handed contirol. For

only one dimension did a linkage providing for opposite movements

of the two control points seem more rational than one requiring

both points to move in the sama direction. Considerations of
symnetry suggest that for the up~dovm dimension, control might
be better if one point were to wove up as the other moved dowm.
Vie have therefore considered in the present study a set of con-
trois consisting fundamentally of a pair of handieter grips
which could be moved in the following dimensions: (1) in the

direction of the forward axis of the airplane (push-pullj;

{##) more accurate as the work involved is increased. This
suggests the possibility of the operation of similar factors

in aircraft control although one might expect in this ease that
efficiency would not increasze indefinitely with increased work
roquired. )

=3 e may take advantage of the bilate: .1 symmetry of the human
body by providing a second symmetrically placed peint for man—
ipulation by the other hand wnen this is possible, but the
necessity that manipulstion by a single hand shall control the
plane demands that we approach the nroblem as indicated above.
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B (2) in the™orizontal" direction at right angles to this axis

to the other two (called by us right-left twist). In the case
of this last dimension the grips moved in oppcsite directions
when force was applied, thus duplicating the movements of a
wheel on an axis parallel to that of the plane. It should be
noted that in order to use such a device for aircraft control
the arc through which the wheel shall turn must be small in
comparison with the rédi;s of the wheel, Otherwise this move-
ment must have an appreciable lateral component, which is not
permissible according to our previous reasoning.

. ' The above analysis leads to the same conclusion

reached by a somewhat different route by Henschke and Mauch (2),

Y

namely; that only a small number of the possible types of three-

dimensional hand controls are feasible.

The Problem

ed by grounded research are the following velated problemss (1)
What forces must the control mechanism of the prone=flcim plane
withstand, and (2) What forces may the human organism in the
prone position be expected to be able to apply to the centrol
devices? The answers to both these questionsz demand the same

fundamental data -- data concerning the maximum forces which may

-8 -
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(right~left turn); (3) in the "vertical! direction at right .angles

Among the problems of control design which may be attack-
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bé applied tc a control device by prone subjects. We have seb
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as our prohlem the collection of these data. It appeared to
the writers that design engineers might also find useful infor-
maticn concerning the forces which trained pilots felt they could

reasonably be expected to apply to the controls, and place was

made in the design of our attack for the collection of these
data.
In collicting these fundamental data it is necessary

to keep ia mind sszveral sub-problems. The fact that planes

'. N m‘. . i ii N - ;d o

must be flown by meny men mekes it important to know something

about the extent to which individuals differ with respect to th

O

"maximum forces which may be applied in wach of the various

dimensions of movement by the prone subject. Inasmuch as

veriods plane designs moy permit or require greater or less
headroom and gresater or less freedom of fore- and aflt placement

of the pilot, it is important to inquire as to the extent to which
the subject!s position relative to the controls affects the magni-

tude of the forces which he can abvly. Questions as to over-all

effectiveness of planes flown from the prone position demand in-
formation as to the rclutive advantage or disadvantage of the prone
subject over the seated subject with respect to the maximum forces
which may be applied to the controls. 7Ye have thereforc obtained

information concerning the effect of such variaticn of position of

=
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conventional seated position with performance in the prone position.
The forces which could be applied to the controls were
determined for both prone and seated subjects with tho sime
apparatus. In order to study the extent to which the position
of the controls relative to the prone pilot influences the magni-
tude of the forces which he may apply, determinations were made
under several conditions. The distance between the horizontal
plane of the control grips (center) and the horizontzl plaﬁe of
the tips of the subject's shoulder was varied (three values),

as was the distance between the vertical plane of the handlebar

.

+

grips and the forward Liip of the subject!s shoulders (three

<

values).
Apparatus

The apparatus used was developed by a process cf trial
and error. As finally evolved, it posscssed the following charcc-

teristics. It was sufficicntly sturdy so that repeated aoplication

of considerabl: force did not alter its operational ch~ricteristics.
It provided for three types of movement, each oncrating in two
directions as follows: push-pull, right-lc{t turn, ond right-left
twist, It provided for minimal movement of the controls with

the application of force, that is, an anproach to isom.tric measure-
ment was realized, wherein thc handlebars never moved more than

two inches under tha greatest force appliad and usuzlly

moved only a fraction of an inch. To allow extensive movement
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of the .controls would have resulted in an effective chonge in

L

the subject!s position with relation to the position of the

two control points. Such movemenis would have introduced an

vncontrelled variable, since the position of the control peints

would vary with the individual subjcets depending upon their

strength. The apparatus provided for readily altering the posi-

vion of the subject in rcference to the control points in terms

of both the horizontal and vertical planes. It was also easily

convertible from pronc to seated position use.

In order better to follow the subsequent description,

1 .

it is suggested that the rceder refer to Figs. 1 and 2, which

are actual photographs of the apparatus.

Pronc Position Bed,=--

In the prone position, the subject lay on a padded bed,

tilted slightly upward from the horizontal. On the higher ond of

the bed was placed 3 chest support which was tilted upwards 20

degrecs from thc bed, further increasing the angle of the subject's

line of vision to the absolutc horizontal position. The angular posi-

tion of the bed and chest support, supplemented by the subject raise

ing his hcad slightly =t the neck, permitted horizontal forward visdon

without cxtension adjustment of the eye balls. Thus a position

of the subject was achieved which cther investigators (3) have

suggested should be realizcd for orone position flying.

Tt wae nognible to slids the bad farward or baskward. thus
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altering the horizontal distance of the subject {rom the control

points, The three positions of the subject were as follows:

in the near position the distance from the forward point of the

an

shoulders to the vertical‘blane of the handlebar grips was 9

inches, in the middle position of the bed this distance was

13 inches, and in the far position 17 inches. All measurements

are for horizontal distances,
The bed platform was hinged at the rear, so that the

bed could be raised or lowered in ovrder to change the effective

ent
ST

height of the shoulders of the subject in resp to the two

control points. Three positions of elevation were used, In

LY
<ie

the low position the -enter of the shoulders of the subject

on a level with the points to which the forces were applied to

e

3* -8

g

the handlebar grips,* in the middls wosition tiis shoulders were

5 inches above these points, and in the high position 10 inches
above them. It will be noted that the method of changing ele-

vation makes changes in the tilt of the subject!s positien, In

the low position, the bed itself is tilted 3 degrees from the
rorizontal, in the middle position 63 degrees, and in the high
position 10 degrees, In each case the tilt is supplemented by

the 20 degree tilt of the chest suoport and the upward movement

#+ The "points to which the forces were aprlied" were taken as
the points on the control grips where the centels of the sub-
ject's hands were located.
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of the subject!s head ﬁnd eyeso, It 1is thought that changes in
. bed angle necessitated by changes in elevation of the shoulders
will not result in significant -differences in the implications
of the data of the present study insofar as the realization of

horizontal vision is concerned. ‘fhus in accomplishing a trans-

lation of vision from the vertical to the horizontal, through
the several types of change in body position previously describ-
ed, the meximum difference of 7 degrees between the lowest and

highest. bed position is only a small fraction of the total re-

guired change of 90 degrees.

Seated Position.~-

: For the study of seated position responses, the bed wes
placed in the low (3 degree) position as used for the wvrone
position. The chest support was removed, and a wide board
fastened pervendiculariy to the bed and 16 inches from the forward
edge of the bed, The front poertion of the bed then served as
a seat, with tﬁe board ‘serving as a back rest., Measuring
from the center of the control grips the height of the controls
was 11} inches above the seate. The distance of the comtrol
grips forward of the froat cdgé.of ihe scat was 20-3/h inches.
According to data presented in AAF Technical Repert 5501 (4),

this arrangement is similar to that found in standard cockpite,

. except that our conitrols are about B inches lower than ordinary

wheel type controls and about 3 lnchus loter Lh&n Uhie averags

stick tyne control. The distance of the scat to the floor was
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. approximately 18 inches. The seated subject placed his fect on

fupports which were located on the floor at points spproximately

20 inches ferward of the front edge of the seat.

Control Column and Measurement Systeme=-

In front of the subject was a standard bicycle handlebar
assembly, with the hand grips 16 inches apart. The center of the

handlebar rotstion was in line with the handlebar grips, so that

e o s P

the radius of rotation was 8 inches. The tube and bearing of

the assembly were mounted on an upright post forming the vertical

SZh

part of the control column, The post was pivoted at its base to
the forward end of a horizontal member, which extended back-

. ward beneath the bed to a point 22 inches from the post. At

this point the horizontal memoer was securcd by means of a pivot,

|
fi
!

The handlebar assembly was adjusied so the hand grips were located
between the QeE and the post at a point 6 inches behind the

poste The effective radius of movémcnt for the righi-left

turn, the distance between pivot point and hand grips was then

16 inches and not 22 inches. Locking mechanismes were provided

50 that motion cbout one or more of the pivots could be prevented.

Thus set up, the subject eould move. the control column forward

and backward (push-puli), or laterally (right-left turn), by
a2pplication of force on the handlebars, or the handlebars them-
selves could be twisted in a clockwise or counter-clockwise

direction (right~left twist).
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The forces upplied in any one of thsse dircctions werce transmitted

by means of cables led over pulleys to a lever attached to the

NI S Ay arwaas § b Cae i s A ) Kar et

plunger of a hydremlic cylinder. This cylinder was a standard 7

"master brake cylinder", Chrysler part No. 695696, and in-

o

tended normally for use in an antomobile broke system. The

hyydranlic pressurc developed within this system was used to
operate a calibrated pressure gauge., Tne cxperimenter re~d the
dial to the nearest mark which at low pressures was to the near-

est pound and at the very high pressures to thc nearest five

e

pounds.
It wiii bo noted in the above description, and can be

. seen by refercnce to Figs. 1 and 2 (Appendix A), that the push-pull

movement is not truly horizental in its full extent, but iz in the

TR T AT O Y

b
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form of an arc about the pivot at thec end of the post. Similarly,

L

the right-left turn movement is not at right anglcs to the subjectls
body but forms an arc with a center near the midpoint of the
subject's shoul@ers. From the standpeint of the subject!s
operation, howcver, the movements may be considered as recti-

lincar, since the amount of movem.nt of the controls was small
2

Pyl

even when considerable force was applied.” At the point on

the controls where the subjuct grasped, it may be said that with

.

the strongest responses and with any dimension of movoment

. tested, the displacement of the contrel grips did no', exceued

two inches. Keeping the control column stavbilized was zchieved

in part by locking the controls in neutral in Ywe dimensions
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of movement while measuring in the third dimension.

For each of the three dimensions of movement, two cables
were used; one for each direction of motion. On;z_@he appropriate
cable was attached over the pulleys during a measurement trial.
Figse 1 and 2 show all cables attached only for purposes of
illustration,

Mention should be made here of the limits involved in
this stady of the influence of the position of the controls
on strength of movement. Not only were the controls fixed in
a single position, but each application of force in each move-
ment dimension began with the centrols in a phyéically "neutralt
pqsition. For the push=pull dimension the movement did not
always start from the neutral point since the distance of the
subject's shoulders to the con£r91 post was one of the variables
studied. Changing the distance of the subject from the control
post may be consideréd as displacement of the controls from the
neutral position. For yhe turn and twist movements strength

was tested from the neutral position and never from an extreme

Calibration of the Apparatus.—-

The calibration cf the apparatus was accomplished by the
following procedure. The controls were locked in neutral position
for two of the dimensions of movement while leaving free the

third movement for calibration. The aonropriate cable for the
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movement being studied was abtached to the control column and

. to the pressure gauge in the some manner as when a2 subject was
_ being tested. A calibration cable was then attached to the
control handles and led over pulleys tc a weigh®t pan. On the
basis of oreliminery tests, a ronge of calibration weights was
established for each movement which was exoected to cover the
range of forces which subjects were expected to apply. These
welghts were placed in- the pan, and the amount of pressure
indicated on the dial for each weight was recorded.
No calibration cable was piaced precisely in a rectan-

gular position in reference to the neutral position of the controls

o since there was a slight displacement of controls under extreme

forces. Instead the cable was led away from the controi column

in such a direction as would provide a mcans for applying to

the controls a force which would be similar to that which a sub-

Ject would apply. Since the displacement was not rectangular, but

curvilinear

[+

bout the appropriate axis of the contrels, the
calibration cable was placed so as to be tangent to the arc of
movement at 2 point of disnlacement corwecponding to the estimated
mean maximum force which subjects would apply. It was thought

that through this proccdure the forces applicd in the form of

weights would more nearly represent the kind of forces subjects

. would applys It was found that this arrangement spread the slight

curvilinear discrepancies over thc whole calibration range so
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that most carves which were plotted from the data could be

treated as straight lines,

P TN

It was noted that the resulits obtained in calibratisn

were a function of the manner in which the weights were placed in

the pan. If the weight was lowered into the pan so that its force

vias gradually acplied to the controls the dial reading was some-

what less than if the same vreight wras zpplied by beginning with
a greater force ond gradually lessening it until only the desired
weight was on the pan as when consecutive readings are taken

for decreasing ocmounts of force by starting with a pan full of

vieights and vemoving one or more weights between conszcutive

. - readings. Since the behavior of the subject is to increase the
application of force until a maximum effort is reached, the
method adoptcd was that of increasing the weights in the pan
until the correct amount of force was applied to the controls,

Experimentation showed that the rate at which weights

were coplied in approaching o given foree was not too critical,
As long as the force was oppliad smoothly, a raopid application
of force gave a diz=l reading a2lmost identical with thnt obtained
by a slower rate of jpplication. Subjects were instructed to
apply force smoothly and rapidly, and in calibrating the appar-
atus the applicaticn of increasing mmounts of force wis similarly

. accomplished.

TANS1A0L0N OF Dired m:adins_s_ into Pounds ol FOrce.--

Calibration measuremcnts werc conducted 1t the boginning
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and at the end of the experiment, and additional chegks also
were made during the experiment. Five or more points were used

in determining the curve of relation between dial reczdings and

X R

pounds of force. The finzl curve fo. each movement was based

on an average of 12 to 20 readings for each point measured. All
movements except that of *"push" yielded straight line functions

over the required range of forces, For these movemenis then,

e ,, .

the original data in the form of di.l rcadings were anelyzed

statistically and then the final constants were converted into
pounds of force by multinlying by the calibration co%§tant.
Dial recdings obtained in the "pusa' dimensicn could net be

. similarly treated because of a curvilinear relation between

the two forms of measuraes. For this movement each subject's
performance score was trunslaved from dial reading into pounds

of force before statistical =nalysis was begune.

Experimental Conditions

There was a total of seven experimental sessions for

gcach subject, each sussion lasting about 50 minutes. MNot more

than three or less than two sessions were given in nny weck. The
first experimental d-y for each subject was devoted to preliminary
instruction, and to obtaining, for purposes of relinbility
estimation, maximum and “reasonzble!" strength efforts which

would later be dupiicated in the main part of the experiment.

In the following six experimental scssions maxifium npplications
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of force were obtained for the several different types of movementss

to the general purpose of the experiment. He wag then placed

(B

in position in the apparetus, A standerd position of the hands

on thé control grips was used., If in the prone position the

¢ el s
VAN

shoulder straps were adjusted to the size of the subiect (See Figs.

B

1 and 2, Appendix A)e

e

The subject was instructed to apply force
to the controls steadily and rapidly, reaching a maximum effort
in from one to two seconds. This was demonstrated to him by the

experimenier who placed his hands over the gubvject!s hands on

rd i e s o i

the grips while manipulating the controls. No attempt was made

to control the manner in which the subject applied force. Thus

L. o

one subject might push with his elbows held laterally, while

13

another might make the same effort with his elbows in a dovm-

ward position. The maximum strength trials were then begun,
Four movements = push, left turn, pﬁll, and riéht twist -~ were
given in that order, the trieals being spaced five minutes apart.
Parformences were recorded for both prone and seated positions.
For the prone position the bed wus ot middle height and middla
distance from the controls. For the seated triales the single
position of the subject desc-ibed vreviously was used throughout
the experiment. Half of the subjects did the movements in the
. prone position first;‘the other half did them in the seated

positicn first,

The subject was then given further trinls, the instruction

TR,
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now beifg 40: é%ért a "reasonable® rathier than a maximis Torce
on the controls. The following .stehdard :instructions wers
- nseds

Now we want to find oul somethitig about the amount

of pressure you .can exngt_:, without straining: You
Imoéw no«.;: -what,. the controli &ystem is like. There are
six moveéménts: push; pulil, right turn, left turn,
right twist, and left twist. We are going '1-';0 ask you

to do each of "ihege, one at 2 time. You aré to exert.

as much pressure as you can and still keep enougn re-

serve so that you feel you could retain control over

. the other movements, and be prepared to make smekgency
adjustments., as would be necessary in the flying gitua-
tion%,

The underlined portion of the instructions was. repeate:d? but

g

§

he- instructions. were not othermvise expanded, explainsd;, or

Antérpréted. for the subject. Performances were f*ecq;:déd in both

-géated and prone positions for each of the six types of movementss

The time betwesn trials was the amount needed by the experimenter
to. change cibles, and approximated one minute in lengthi .Again

half of the subjects performed mevements in the prone position

irst, end haif in the seated position firste.

. In the following six days maxismam strength in the prone

position was investigated for ihe Six

e i A
2 VYEMEIILS

bed positions. Each subject was required to mzké sach typs of
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movement once in eagh position, making a total of Sh strength
trialg, For the seated positidn, only six irials, one for each
movement; were necessary, since a single position -of the subject

was: used,.

The possikbility of ar¥anging the movements in random

fashion for -each subject was considered and discardeds It was de-
cided that the eiiect oh & given movement of the performance of the

preceding movement could be more adequately controliled by pur-

nogely selecting a given order in a manner that would be least

likely to produce- a detrimentsl effect of one movement on a

succeeding -oné. For the main experiment, and for th¢ trials in

. the "reasonabie".stréngth condition, the order of moveniénts was

left twiet; right turn, push, left turn, right

ag follows

P

twist ;ﬁa_ﬁaii; This order was used for all bed nositions.

Different subjects. entered the order &t different points, that

is, Subjeet number 1 had a protocol calling for left twist as

the first movement, the 2nd subject made a right turn as his

3

first movement, the 3rd Subject first did a pusﬁ} and so one. In

5
the main experimient bed positions were randomized. with #he guali=

{2

fication that each bed position appear once for each movement.
The six maxirum strength trizls in the seated position
were given in one sitting in the main experiment, and again, the

crder from first to last movement was rotated as described above,

Six fireasonable® sizengih triuls were aiSo glven in Lhe maln &&=
periment. They were cresented in a manner simiiar to that for

the seated vosition.
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Subjects:

Sixty~five students at the University of California
were -used as subjects. All but two were aifplane pilots. oOf
the pilots, mest thad been or were pilots in tlhie military serv@ces.
All volunteéred for the experiment. Bécause theé experimental
sessions involved considerable time thé‘subjects were paid ét
a nominal rate for their services, Information on age, handed-
ness, and pilot experiéﬁcé was coliecteds Height, Weight, snd
arm~1eﬂg£h were measured, A direct measure of arm length was
recordéd. Tt was obtained as follows. The subject in the
seated position was given a cylinder 1% inches in diameter to
grasp, and then instructed to extended his arm fully vertically
without sitretching it. A measuring rule was placed so that
i% rested on the outer end of the clavicle and the distance to

the -center of the cylinder held in the hand wags measureds The

Llinder was held so thut it was perpendicular t5 the forearm.

The value recorded was an average of the distance thus found
for right and left arms. Since each subject was placed in the
prone position bed with his shoulders i%i a standard position;
niSWWNMtMtme@wismhmdwwmamamhs
measured when the subject was grasping the controls,

These various data descriptive of the subjects are pre-
sented in Table 1. The mean age is about one veaw greatar thon that

of aviation cadets., The height and weight of the group of subjects
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Table I.<=Personal Data on Experimental Subjects, N = 65

Height (inches)
Weight (pounds)
Age (years)

#Arm length (inches)

- - g - SRepse e A < e o we i e e e
e, P S e e e a T o e S L S S SR N e e e T,

——__

o~

Yean Standar

.de".apion

T0.T 243
160, 15,
2holy 2,3
2h.8 1.2

¥Length of arm from top- of clavicle to center of grip with

arm extended upwards.

Pilot experiencs

Non-pilots
1-49 hours
50-9% hours
100-499 hours
500=999 hours
1000~149% hours
1500-199§ hours

2000~5000 hours

(see description of method in text)

.

N

Preferred hand

Right
N 58

Left Anbidextrous
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is above that for cadets. In mean height the group falls at

-

‘

N the. 75th peréentile for cadeéts, and in mean wéipght they fall

ol i i i

at the 65th pércentile; according to the standards published

in AAP Technical Feport 5501 (li). In terms of pilot experience,

the group is very heterogendous, flying time varying from zero

hours to as many as hOOO hours. A1l but 12 had 100 or more
hours of flying time.
It is apparent that the size of the subjects will be

associated to some degree with the values of maximum force

= | . applied to the controls. Results obtained in this study, there-
fore, are not directly comparable with what might be expected
from a group of individuals similar in stature to aviation
cadets., Tt would be expected that the mean affort of the

individuals studied herein would be somewhat greater. Further

. 3 .
discussicn of this problem will asppear later.

The data of the study have been summarized in terms &f
the means and standard deviaticns for sll movemenis and all
bed positions. This summary is vresented in Table 2. Such
a summary, however, is inadequate for some purnoses, and in
order to facilitate comparisons which the reader may desire

to make, the histograms and frequency distributions of ail
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fifty four sets of data are presented in Appendix A, .

»

Individual Differencess

i

Jhir

= .

There is, of course, 1o need to inquire whether or not

individuals differ with respect to their ability to perform

in the present situation., The evidence on such matters has
long been overwhelming. It is of importance, however, to
establish the fact that our measurements of the maximum forces
whnich may be applied by the various individuals.is sufficiently
satisfactory. to permif us to draw conclusions concerning the
reletive advantage of one or another af the various dimensions

of movement, to estimate the maximum forces which human subjects

5 might apply to the controls, and support other significant

genevalization concerning prone position control movements.
We have estimated the reliability of our measures by

securing duplicate measures on each subject for four of the

six movements in the "middle-middle" bed position. We have
not replicated mcasu;ements in all bed bos&tions, sincs it
appeared to us that althcugh the errors of measurement in the
other bed positions may not have precisely the same variance
as those in the "middle-middle" posi;ion, these variances
would not vary among themselves as ruch as might those of

the several movements.

. Inasmuch as practicsl considerations prohibited

replicated measurements in 211 movements and all bed pesitions,
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we selected one of each of the two bilaterally symmetiical
movensnts (turn andrtwist) together with puish and pull for
replication. Thus for each subject we have two measures of the
maximum force be could exert on the controls in the “middle-
middle! bed position for right twist, left turn, push and pull.
Since each subject was given cne test on each of these movements
on the first day and since all other esis vere given in various
orders to the several‘§ubjects, the retest was given from two
days to two weeks after the original test, with an average of
about, one week elapsing between original and retest. From

these data reliability coefficients have been computed. These
coefficients, together with the means and §tandard deviations

of the forces exerted on both first and second trials for both
prone and seated position are presented in Table 3.

It must be noted theb the mreliability of our measures
is éontributed to by two broad classes‘of factors -~ those
impliéit in the apparatus and those implicit in ‘the individual
himself (quotidian variability, etce).

Table 2 summarizes &ll cur findings. Under the assump=-
tioé that errors cf‘$easurement are uncorrelated among themselves
and-uqcorrelated with titue scores, the reliability'éoefgicient
may be interpreted as the proéortiun of observed variance which
may be ettributed t@ stable differences betwecn the individual
nd the reader may; if he #ighes; eﬂtimat;

Lalv < 5 == H =

fcorrected” variances from the standard deviations and reliakility
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- Table 3o-=Maximum Strengths Means, Standard Deviaticns, and
Relinbility Coefficients for Four Movements (Right Twist, Left
Turn, Push, and Pull) in the Prone and Seated Positions Measutrements
ifi thé Prone Position Taken for Middle Elevation and Middle Distance
of Bed with Reference to Controlg. A1l Measuvrements in Pounds.

N =65

Prone Position

vight Twist Teft Turn Push Pull

Mean 1lst triazl 1i2. 96, 152, 250;

‘Mean 2nd trial - ]_160 102, 11‘,83 262?

t trial 2he 27, LS, 484

. Standard deviation

2nd trial 21, 2l L1, blie
» Correlation between

1st and 2nd trial’ o3 75 55 68

. R Seated Position

Right Twist Left Turn  Push Pull

Mean 1st trial 138, 834 227, 183,
Mean 2nd trial 152. - 86, 22 199.

Standard deviation
1St‘ trial 303 2’.1. 605 h2g

P

Standard deviatio
2nd trial : 32, 15, 57 3la

Correlation between
1st and 2nd trial 59 56 61 &S
{uncorrected)
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cosfficients presented in Table 2 and Table L. This corrected
. variance is the product of the observed variance and the appro-

£

pridte reli&dility coefiicients For the purpose of estimating

these. "corrected" variances it must be assuméd that for other

bed positions than those for which reliability data vwere obtain-

as those for which we have the data.

These fcorreeted" variances reflect the variability
among individuals which remains after removing the variation
due to errcrs of appardtus and to erratic perﬁormances of indi-

vidual subjects. Since these latter factors reduce the reli-

ability coefficient but are nevertheless important contributors

to the varidbility in which the design engineer must be interest-
ed, the variance properly reflecting this interest is intermediate
between the raw variance and the "corrected" variance--probably
nearer the former than the latter, as will be seen later,

It will be noted from Table 3 that in general the reli=
abilities for the prone position are higher than the correspond~-
ing reliabilities for the seated position, although in the case
of "push", seated is the more reliable. Of interest also is the
consistent improvement reflected in this table between first
and second trial; as well as the decrease in both absolute and
+ relative variability éf the group in the case of each of the

six directions of movement.
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In Table L is. présénted the same information:-concerning

the forces which pilots feel to be the maximum they could

R

5 reagonably be expected 1o apply to the coritrols, This inforria=

i,

tion was obtained in duplicate for each of the six movements

investigated. It is of interest to notice that of the four

coefficients in this table which correspond to those in Table 3, thres
% are greater for "reasonable" forces than for "maximum' forces,
In general the “reasonable" measurements are considerably more

reliable than the "maximum" cnes, This finding implies that

our individual subjects were more stable from day to day wikh
)

s
.

NPT

respeét to their concept of the maximum forces which they

s ﬁ
ad

could apply and still retain control of other movements than

i
’h

with respect to the maximum forces which they could actually

appl&. This finding is somewhat surprising and suggests

i

i

cohéiderably more gtability to such vurely subjective phenomena

than we had expected to find. It suggests, further, that a
majoy part of the unreliability of our “maximum® forces is due
to intra-individual differences rather ihan to pure apparatus
unreliability, hence our sarlier emphasis on the raw variances

rather than the "corrected" onss. HNotice, for example, that in

the case of the "push" movement for the prone position, 55%

of the total variance of meximum forces is accountable for in

coefficient is 0.55), while 80% of the variance of the maximum

“reasonable® forces is to be thus explained.
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Also of interest in connection with this aspect of the

e
; 35 stady is the fact that although the absolute variability of
- 3&5% Uigkimum" and. "reasonable" forces is essentially of the same
o %i -order 6f magnitude, the mean "reasonable" forces are smaller
‘}?@é% than the mean "maximum® forces, and hence the relative varims . )
i4f§ ' abilities of the fireasonable® forces ars greater.

Comparison of Prone am Seated Positione

Table 5 preSents the comparison of performance on the
six dimensions of mdvement in the prone and seated positiong,

The means presented for the prone position are the means of the

nine means (from the nine bed positions) for each of the move~
' ments.* The mean presented for the seated position is the single

mean obiained for the 65 subjects in the only seated position

investigated ~-- a position approximating that of the conventional
cockpit.,

B Also presented in this table is the standard deviation

e

|

of the

vine means entering into each of the prone position

means presented in the table. A small value of this standard

deviation implies that performance for the movement in questicn

R

is not sensitive to variaticns in the position of the pilot

relative to the controls. A largs velue; on the other hand,
. implies greater sensitivity to such variations.

. Comparissn of the prone and seated averages rcveals that

the seated position is definitely superior in the case of three

movements, while for the remaining three movemenis the
) g
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prong position is superiors Tt is therefore of importance Y
- to consider the nature of the movements and thé possible &t b |

9

Ny

cont¥ol surfaces to be manipulated by the movements in which

:
cui ¥

each of these€ two positions is superior. The seated position

appears to be -superior in right twist, léft twist, and in pusha

S p i s o o 1

e plane con=-

e

trols would appear to be the one in which the right-left twist

&

~
e

e

’@ Pt §~§ ig’.‘:‘
XTI

would be linked to ailercns and push-pull would be linked to the

elevators. The prone position appears to be superior in the

case of left turn, right turn, and pull. These dimensions

- of movement would probably te linked to rudder and elevators,

respectively. Reference to Table 2, however, reveals that

the disadvantage of the prone position may be minimized by
adjusting the location of the pilot relative to the controls,

but even then the best averages in the prone position for right-

for the seated position,

Conclusions as to the over-all advantage or disadvantage
of the prone positicn insofar ag it depsnde on maximum forces
applicable, then, must depend upon considerations of the rela-
tive frequencies (and importance) of occurrence in operaticnal

fiights of cccasions which necessitate application of near-

maximal foress to ailerons and to elevators (e.g., in a dive).

o LTI

) g . = T — . ER " Vo, -
S = £ - - ety Wop e A s
- L e e ”ﬁﬂqﬂﬁ Z%}E At
AT 00 Maadevmcatudet M et ﬂiydufi%;\mg‘ e




W=

: = JprraT Fmﬁ@gﬁnyﬁ_ﬁlﬁﬁa’ﬁw B g r g o s are b St KN AN e e o o -

sl

Table 5e=—Maximum Strength:

Mean of Nine

N =65

Seated Mean (one

Prone vs. Seated Performance.

Standard

Deviation of

AT [0 ] Lo A K e

Movement Prone Means determination)  Nine Prome Mgaﬁs
Push 163, 2h2. 38.6
Pull 252, 199 10.0
Right Turn 10kL. 88, 11.1
Ieft Turn 99, 86 10.8
Right Twist 117. 152. 13.1
Left Twist 118. 151, . 1249
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‘Tables 6, T aid 8 for convenilence in considering the influence on.

s,

.
S £

Position 6f Proné Pilot Relative to Controls. )

The fundamental data: of Table 2 have been réarranged in

Performance of the pilotis position relative to the <¢ontrolse.

Whiié fhese tablas themselves seem to form a satisfactory basis

for intérpretation, we have submitted the 5L prone means of

Sy

+hi
1934

Table 2 to analysis of variance, and the summary cf this
analysis is presented in Table 9. "F" values have not been

computed, since the purpose of this enalysis was simply to

obtain an idea concerning the interactions of movements by
the two species of bed vosition,

This analysis indicates that by far the greater part

Eeit®

3
S

of the total variance among these fifty four means is to be

ey
Rﬁ%ai_

ascribed to the great differences in the forces which may be

applied to the various dimensions of movement. Very little

X

Ay

of the total variance can be ascribed primarily to either the

horizontal or the vertical position of the bed. An appreciable

S

part of the total variance must be ascribed, however, to the

interaction of specific movements and horizontal position,

)

Reference to Table 6 reveals that this is due almost exclusively

to the atypical behavior of "push& as the bed is moved from front

AR

to rear. Although all other muve<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>