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limits that engineering specifications should never exceed. The ranges of 24 differ-
ent voluntary bodily movements of the head, upper arm, forearm, hand, thigh,
lower leg, and foot are presented in Table 7. The movements are defined in termsé
of angular degrees for the mean, the standard deviation of the.distribution, and
the probable error of the mean, All measurements in this table were made by
Glanville and Kreezer on & group of 10 subjects.®

b. Porces Ezertable in Various Body Positions. The positions of the different
parts of the body from which the maximum forces can be exerted have been deter-
mined by Reijs by means of a dynamometer measuring changes in muscular power
during movements. His data may be summarized as follows:

The foot can exert its maximum power in a. plantarflexion (or downward)
movement when the angle of the ankle joint is-about 78°; as the angle increases,
the power decreases. For the hand, palmarflexion is & more powerful movement
than is dorsiflexion, the average power ratio approximating 10: 6 with the maxi-
mum for palmarflexion at a wrist angle of about 156° ‘and for dorsiflexion at
about 168°. :

n the abduction of the leg (movement out from the body) the power drops
sharply as the angle of the leg increases from 0 to 50°. In adduction, or movement
towards the body, the power is greatest at a position of 32 to 48° and drops
slightly as the angle decreases. For the arm, adduction is a more powerful move-
e ment-than-is-abduction. . The_former is greatest between 34 and 68°, while the
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.ement. is constant.®? For subjects who are trying for accurac
.pjeg d:in making movements confined to specific limit},,s t%le mean maxi};ni?nvZ?Jléesz
ere fo'und to be ?3, 96,.and 242 cm. per second for distances of 2.5, 10, and 40 cm
ctively 82 Rxg_h_t-to-]eft movements with the right hand are’ sli,ghtly faste;
rr;g Lift;ltq-nglll‘t movements. The time to complete movements with the
o innac:;i :; c;&tﬁlse ]ess( than for two-hand movements, although no-differ-
n studying hand-motion speeds for an industrial task where éccuracy was
ble and movement distance was confined, Barnes found somewhat similar
85, 160, and.221 cm. per second for 20.3, 40.6, and 60.9 crm., respectively.®
data wovtx]d indicate that maximum speed will probably not be above 360
econd 1f.the movements are limited to distances of less than about 60 e¢m
ndii accuracy 1n stopping is required. However, if movements are unrestricteci
eex‘-:e(r:xt:dand accuracy but speed is stressed, the rate may well exceed 600 cm
0 S . ! ‘
: ﬁ%a{e;;nduég-?;{)e control.? the @aximum_ speed at which operators can turn-
iwh and still match pointers in a continuous task appears to be about 200
£250¥npm., although large-size handwheels, increases in friction, inconvenient
o Pg, and_ awkward hand grip will all tend to lower this 'ma,ximum speed
ughisthere is an optimal speed band for each situation within which minimurr;
octurs, a speed of 180 r.p.m. may be given as a general optimal figure repre-

| latter is lowest between these same figures. Flexion of the arm at thé shoulder
gives greater force than does extension, having its maximum between 68 and
102°. Extension power is greatest at 102°.

i Trunk lifting power also was investigated and was found to be least when
the trunk is nearly horizontal. There is a consistent increase as the trunk becomes
more erect.? '

} ¢. Rate and Accuracy of Body Movements. When linear body movements
are made as rapidly and accurately as possible, both the average and the maxi-
e mum velocities of movement increase as the length of the movement increases (at
‘ least up to-16 inches, the maximum distance studied). Variability in accuracy and
P ”’éiSée‘d“s:lsO'im:re‘asgrwit;h—t:he-length-of-—t,he-mow.ement.Mhe;DﬁMLage .of error
i in the adelragy. 0f movements is greatest at short distances and decreases.as:bhe
distance increases. There is, however, a slight tendency to overreach at short
distances and underreach at longer distances. It was noted that the accuracy ‘with
- - which-a movement-can-besstopped.at.a.desired point is ‘not greatly influenced by
the distance from the body at which the stop is attempted as long a engt
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niingtnany different conditions.$

f‘%curqcy of Operation with OI,;zemor Two Hands. No important differenc
eqi;{}the reaction time of the hands has been observed.®® However amone
& :ded people the right hand appeared te be superior to the left in };erform%
el here the criterion is strength. The preferred hand is also superior to the
: er_red\hand in .tasks requiring continuous, accurate control.®” The use of
afrds: for a continuous control task is better thansa one-hand control (pre-
ﬁ?hpreferred hand) in certain cases where aé"ém‘acy is the .criterion, but
Efice can Probably be minimized by changes-in‘the equipment or ir; the
%%? techniques used in operating the equipment. A]thbugh ‘the evaluation
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