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rapid automatic recording techniques must be developed before its potential fer de-
tailed analytic purpises can be realized.
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FOREWORD

The study reported here was conducted by the Human Factors Group, Behavioral
Sciences Division, Pioneering Research Laboratory, at the request of the Clothing and
Personal Life Support Equipment Laboratory. This work was carried on as part of Task 34
under Project Number 1J664713DL40, Clothing and Equipment, and Task 02 under
Project Number 1T0O62106A121, Human Factors Analysis and Design Guidance in Support
of Materiel Research and Development.
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- ABSTRACT

PART |. Nine psychomotor tasks designed for laboratory use measured the performance
of 18 soldier test subjects while wearing M1956 Lightweight Load Carrying Equipment
(LCE) alone and over Standard (135 Plate) and Experimental (48 Plate) Titanium-Nylon
Body Armor. Scores based on LCE only were best, scores for Experimental Armor and
LCE were second, and those for Standard Armor plus LCE were poorest on all nine tasks,
although some differences were small. Performance on 7 tasks was significantly better
for LCE only than for Standard Body Armor plus LCE; and Experimental Armor and
LCE scores were significantly better than Standard Body Armor and LCE scores on four
tasks. The results indicate an important. relationship between the design of the shoulder
area of the armor and good performance on four tasks. In laboratory interviews, subjects
significantly preferred Load Carrying Equipment worn without armor to LCE worn over
either type of armor. Also, they commented on specific armor problems.

PART Il. At the end of Part I, a lightweight cloth sensor garment incorporating pressure
sensors was used to measure pressure at various locations on a test subject’s torso as he
performed each task. Pressure changes were indicated by a Load Distribution Analyzer,
which visually displayed, by color coded lights, load magnitudes and distribution of forces
transmitted to the torso. Both performance and display were recorded in color on the
same motion picture film, for each of six armor-load combinations. The amount of pressure
was recorded at each sensor location for each frame, and position in the task cycle was
indicated periodically. The pressure distributions changed with type of movement and
type and amount of load. Total pressure per cycle was found to vary greatly with the
six loads. Limited use indicates that frame by frame analysis will be valuable for appraising
design features and for comparing equipment items. However, it is so time consuming
that rapid automatic recording techniques must be developed before its potential for
detailed "analytical purposes can be realized.

vi
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SOME EFFECTS OF BODY ARMOR ON MOTOR PERFORMANCE

PART I: EFFECTS OF STANDARD (135 PLATE) AND EXPERIMENTAL (48 PLATE)
TITANIUM-NYLON BODY ARMOR ON MOTOR PERFORMANCE

Introduction

New materials, concepts, design features, techniques of constructicn and other
innovations occur a'most continucusly in the development of the soldier’s personal
equipment, particularly body armor. Field testing of such equipment is costly and time
consuming. If an item is sent to the field for testing before it is ready and majcr changes
are required to make it suitable for field use, the entire test may have to be tepeated
at great expense. If laboratory and/or smali scale tests could be used to discover and
correct the major human factors problems related to an equipment item before it is
procured in larger quantities and field tested, =fficiency would be increased and time and
money saved.

During 1971 there was an urgent need for comparing new concepts, design features
and assembly techniques incorporated in a prototype 48 plate Titaniurs-Nylon armored
vest, with the Standard 135 plate Titanium-Nylon vest. Also, it became important to
develop efficient objective methods for evaluating the effects of body armer on the wearer's
performance, including his efficiency, mobility, comfort, and if possible, endurance. The
purpose of Part | was primarily to develop small scale testing techniques for measuring
encumbering cHects of body armor and other equipment on the soldier’s motor
performance and for detecting related problems which reduce his mobility and effectiveness.

Following a review of the literature, nine psychomctor tasks previously used to
measure physical fitness or the encumbrance of arctic clothing were selected from a larger
number. Equipment was secured for administering the tasks, testing techniques were tried
out, modified, and used in the present study to compare the new features of the
Experimental armor with the Standard vest before submitting tho new vest for large scale
field testing.

Method

The nine tasks were used to measure ihe performance of 18 soldier test subjects
(Ss} under each of three atmor conditions, over a period of three weeks. All except
two of the Ss were size medium. They always were dressed in fatigue clothing, combat
boots, helmets, and helmet liners, and equipped with M-1956 (Light Weighit Nylon) Load
Carrying Equipment (LCE), (Figure 1). Six Ss were scheduled each week, one at 0800
hours, another at 0900, and the cthers at 1000, 1300, 1400 and 1500 hours. On Mcnday
they were instructed in the standard test procedure. A period of instruction was followed
by sufficient practice on each task to insure that the proper procedures were being followed.
Then S’s performance on each of the nine tasks wz2c recorded while he was wearing the
LCE without armor.
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A test schedute wa: established for the regular experiniental days, Tuesday, Wednesday
and Thursday. It was basesi on a two-way, three-level factorial design which used a
compensating order to balance the effects of armor condition, order, time of day, and
subjects. On experimental days each S was assigned one of the three armor conditions:
1) The LCE without armor {weigh* 19 Ibs. (8.62 kg.}) Figure 1), 2) Standarc (135 plate)
Titanium-Nylon Body Atmor (weight 8 lbs. 11.5 oz. (3.95 kg.}), for size Medium, worn
with the LCE (total weight 27 Ibs., 11.5 oz. (1257 kg.), Figure 2-5, 7, 8, 11-13), or
3) Experimental {48 plate Titanium-Nylon Body Armor (weight 7 1bs. 15.5 oz. {3.61 kg.),
for size Medium) plus the LCE (a total of 26 Ibs.,, 15.5 oz. {12.23 kg.), Figure 6, 2,
10). The experimental design was such that each S wore 1), 2}, and 3) once each. They
were worn first, second, 2nd third equelly often ana were worn equally often at each
time of day and on each experimental day, both within each week’s group of six and
the entire 18 Ss. Moreover, for the entire study each armor condition was preceded
and followed by each of the other conditions equally often.

The tasks were administered in a standard manner and in the same order for all
18 Ss. Each experimental session required approximately one hour. A rugged but sensitive
goniometer was designed, built and used to measure angular movements of the head and
neck and of the arms and shoulders {Figures 2, 3, 7, 8 and 9). Timed tasks were recorded
in units of 0.01 minutes for convenience in scoring and tabulating. On each of the first
six tasks there were four trials with 15 seconds between trials. The score was the mean
of the fou- trials.

The tasks are briefly described below in order of use. Additional information
concerning them, directions for their administration, and the interview questions and
procedure are furnished in the Appendix.

1. Head Movement, Ventral to Dorsal (Dusek, 1958). The seated S moved his
head as far ventral as possible and the goniometer was set to zero (Figure 2), then his
nead was moved to as far dorsal as possible, and the angular distance was recorded in
derrees from the goniometer (Figure 3). This was done with the S bare-headed and again
while wearing helmet and liner. A compensating order was used, with alternate Ss being
hare-headed first and wearing the helmet first. Results for the 18 Ss were almost identical
for the twe conditions and the data were combined for final analysis.

2. Toe Touching (Boay Flexion) (Dusek, 1958). This task measured, to the ncarest
1/4 inch, {6.35 mm.), how far S could bend forward, keeping his knecs straight (Figure 4).

3. Finger Touching (Preferred Hand) (Dusek, 1958). The S reached with beth
arms simuitaneously. The rigl:t (preferred) arm went over the shoulder and with elbow
flexion down the spine as far as possible with the palm facing S's back. At the same
time the left arm reached behind the left side, and by elbow flexion, up the spine as
far as possible with the palm facing away from the back. The nands were kept straight
ad an zttempt was mae to reach or overlap the opposite hand as far as possible
(Figure 5). Measurement was to the nerrest 1/4 inch (6.35 mm.).
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4. Twist and Touch (Fleishman, 1964). This task was designed to measure how
far the S could rotate his spine and touch a scale on the wall (Figure 6).

5. Shouider Flexion (Dusek, 1958). The gonimeter was set to zero before the
entire arm was raised forward and up as far as possible, with the elbow siraight (Figure 7
and 8). Recording was in degrees of angular movement.

6. Shoulder Abduction {Dusek. 1958). The starting position was the same as in
Figure 7. Both arms were raised sideward and upward as far as possible (Figure 9).
Measurement again was in degress.

7. Figure-8 Run and Duck (Fleishman, 1964). This task proposed to measure S's
ability to alter body position while moving forward rapidly in a Figure 8 pattern around
two uprights placed seven feet apart and ducking under a crossbar adjusted to the height
of his waist. This was done six times without stopping (Figure 10). The score was
the totai time reguired in units of 0.01 minrute.

8. Simulated Combat Craw! (Dusek, 1958). The Figure-8 course described in
Paragraph 7 was traversed four times in successicn using the “Low-Crawl” technique as
taught in Army basic training (Figure 11). The score was the total time.

9. Ball-Pipe Test {Dusek, 1958). A pipe one inch (2.54 cm.) in internal diameter
and 20 inches (50.8 cm.} long was attached vertically to a wall with the top of the pipe
six feet (1.829 M.) from the flcor. A net was located 18 inches {45.72 cm.) below
the bottom: end of the pipe. The number of times a steel bal! 7/8 inch {2.22 cm.} in
diameter could be dropped through the pipe and caught with the same (preferred} hand
was counted automatically ¢ 'ring five minutes of continuous performance {Figure 12
and 13).

Results
Performance Da.a

The experimental results were tabul:ted and analyzed separately for each o* the nine
tasks. Tables 1-9 show the results of an analysis of variance for each svt of performance
data. Armor was a significant variable for 7 tesks, all except Bodv Flexion and Twist
and Turn. Order was significant orly for the Figure-8 Run and Duck and the Ball-Pipe
tasks, and the Armor by Order Interaction was significant for the Body Flexion, Twist
and Touch, and Ball-Pipe tasks.

Table 10 shows the mean values based on 18 Ss for each of the three arrnor conditions
on each task. Scores based on LCE alone were best, scores for Experimental Armor
plus LCE were second, and Standard Armor plus LCE scores were poorest on all nine
tasks, without exception. Also, on 7 of the 9 tasks, differences between Body Armor
scores and L.CE only scores were greater than those between the Standard and Experimental
armor. The two exceptions will be discussed in the next paragraph.




R St

n

e

By

]
it

!

i (1
g Tt

Table 1. Analysis of Variance for Head Movement Ventral to Dorsal

Source df Sum of Variance
Squares Estimate
Order 5 3,266.97 653.35
Subjects/Order 12 1341684 1,118.07
Armor 2 1,770.73 885.37
Armor x Order 10 660.10 66.01
Subjects x Armor/Order 24 1,709.17 71.22
Total 53 2082380

F

12.43

Table 2. Analysis of Variance for Body Flexion (Toe Touchirg)

Source df Sum of Variance
Squares Estimate
Order 8 19416 38.53
Subjects/Order 12 352.79 29.29
Armor 2 340 1.70
Armcr x Order 10 14.18 142
Subjects x Armor/Order 24 1403 0.58
Total 53 578.46

Table 3. Analysis of Variance for Finger Tcuching

Source df Sum of Variance
Squaies Estimate
Order 5 159.35 31.87
Subjects/Order 12 21180 1765
Armor 2 7094 35.47
Armor x Order 10 7.48 .75
Subjects x Armor/Order 24 1050 0.44
Total 53 460.06

1.32

293
245

1.81

80.61
1.70

NS
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NS

NS

.001
NS
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Table 4. Analysis of Variance for Twist and Touch Test

B S ot sl

Source df Sum of Vsriance F P

Squses Estimate E

Order 5 236.62 4732 - NS E
Subjects/Order 12 1,646.00 137.17 §
Armor 2 21.76 i0.88 251 NS §
Armor x Order 10 160.64 16.06 3.70 01 3
Subjects x Armor/Order 24 104.24 434 e
Total 53 2,169.26 §
Table 5. Analysis of Variance for Shoulder Flexion §

Source df S of Variance F P #
Squares Estimate =
Order 5 73587 147.17 - NS
Subjects/Order 12 532045 443.37
E = Armor 2 538.48 269.24 6.56 01
Y Armor x Order 10 587.29 58.73 1.43 NS
43 Subjects x Armor/Order 24 984.22 4;.01
3 § Total 53 8,166.32

Tahie 6. Analysis of Variance for Shouider Abduction

Source df Sum of Variance F P
Squares Estimate
Order 5 665.70 133.15 - NS
Subjects/Order 12 3,165.11 283.76
Armor 2 470.37 235.19 11.27 001
Armor x Order 10 458.08 £5.31 2.2n NS
Subjects x Armor/Order 24 500.89 2G.87

: Total 53 5,260.15




Table 7. Anralysis of Varisnce for Figure-8 Run and Duck Task

Source df Sur of Variance F

Squares Estimate

)
J

sl sl ey A

Order 5 0.0438 0.0088 3.65
Subjects/Order 12 0.0292 0.0024

Armor 2 0.0108 0.0054 9.00
Armor x Order 10 C.0041 0.0004 -
Subjects x Armor/Order 24 00153 0.0006

Total 53 0.1032

Tahie 8. Analysis of Variance for Combat Crawi

b P T RR L T
ol R A fid ""\'[j e

4 b gk s ibis i
LR bl ”1:‘.;“,"-”"‘]“ jluiity i R

-

Sourca df Sum of Variance F
Squsres Estimate

Grder 5 1.0611 0.2122 1.88
Subjects/Grder 12 1.2520 0.1130

Armor 2 0.0990 0.0495 7.07
Armor x Order 10 0.0388 0.0039 -
Subjects x Armor/Order 24 0.1790 0.0070

g

Total 53 2.7295

I

Table 9. Analysis of Variance for Ball-Pipe Task
Source df Sum of Variance F
Squares Estimate

Order 5 28,145.11 5,629.02 3.35
Subjects/Order 12 20,162.89 1,680.24

Armor 2 992.11 496.06 580
Armcr x Order 10 2,704.11 270.41 3.16
Subjec 3 x Armor/Order 24 205112 85.46

Total 53 54,055.33
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Table 10. Mean Body Armor Scores*®

: Load LCE and LCE and
= Carrying Experimental Standard
* Zquipment Body Armor Body Armor
EE 15.0 ib. 27.01h. 27.7 b.
E‘f {;; Task Ferformed {8.62 kg.) (12.25 kg.) (12.57 kg.)
% §§;~__ 1 Head Mov=ment 130° 119° 117°
% = Ventra! to Dorsal
2 Body Flexion 129 in. 12.43 in. 12.35 in.
{Toe Touching) (328 cm.) (31.6 cm.) (314 cm.)
3 Finger Touching 14 in. 0.7 in -1.2 0.
{overlzp) (apart) (apart)
4 Twist and Touch 139 in. 126 in. 115 in.
(35.3 cm.) (32.0 cm.) (29.2 cm.)
5 Shoulder Fiexion 151° 148° 143°
6 Shoulder Abduction 136° 132° 129°
7 Figure Eig‘ﬂ 0.52 min. 0.546 min. 0.547 min.
Run and Duck
8 Combat Crawl 0.75 min. 081 min. 0.85 min.
9 Ball-Pipe 201 199 191

AL 1 st

)
A
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o
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il

*Mean Body Armor Scores not underlined are significantly different {p<05) from other
means based on the same tack. Underlined means do not differ sicnificantly.
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The Newman-Kuhls test (Winer, 1962, p. 80-85) then vas applied to the armor data
for each task, except Body Flexion and Twist and Tum, which had failed to be significant
on the Analysis of Variance {Table 2 and Table 4). In Table 10 the mean body armor
scores not underlined are significantly different (p<05) from other means based on the
same task. Underined means do nct differ significantly. Mean scores for all three armor
conditions differed significantly on Finger Touching and on Shoulder Abduction. For
these two tasks, performance level was highest for LCE only and lowest for Standard
Body Armer with LCE. Performance under trie LCE only condition was also significantly
better than under the two armor conditions on Head Movement Ventral to Dorsal, Figure-8
Run and Duck, and the Combat Crawl. The Experimental Armor with LCE was
significantly superior to the Standard Armor with LCE on Finyer Touching, Shoulder
Flexion, Shoulder Abduction, and the Ball-Pipe Task. On Shoulder Flexion and the
Ball-Pipe Task, scores for LCE onty and for Experimental Amor plus the LCE did not
differ significantly. Both differed significantly from the Standard Armor plus LCE scores.

Interview Data

At the end of every experimental sess.on each test subject was asked five questions.
Responses were recorded as nearty verhatim as possible and later the answers were tabulated
and the results summarized. The questions were:

1. "Did you notice ary problems with your armor or equipment?”

2. "Did it dig ur cut into you at any place?”’

3. "How comfortable was it?”

4,  “Were there any problems in getting it buckled or unbuckled?”

5. "How much different was it today from the armor you wore yssterday?’’

S e e e

The answers to Questions 1 and 2 were valuabl¢ in pointing out specific problems
and difficulties with the armor and with the webbids equipment. When only the LCE
was womn approximately one-third of the Ss report!® problems and two-thirds did not.
The following problems were described for LCE only in reply to Question 1: *The
webbing dug in around the waist when crawling.” “Bound the shoulders.” “The ammo
pouch got in the way during the crawl.” ‘The ammo pouches hit me in the ribs and
the shoulder harness interferes with *1e Ball-Pipz test.” “The elbow hit ¢cn the ammo
pouch when catching the ball during the ball-pipe test.”

Lt

About half of the Ss reported problems with the Experimental Armor and the LCE.
The following were their replies to Question 1: “Plate dug into left shoulder blade in
fingsr touching test.”” “’It would bind a little over shoulder when ! was putting my arm
up.” "Armor cut into shoulder during Shoulder Abduction test.” ‘‘The tops of the
armholes binted your arms (Shoulder Abductior. and Combat Crawl).” ‘‘Yes, Armor
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hit my back when doing Body Flexion and Figure-8 Duck.” “Back of helmet hit vest,
Armor dug in left side during Finger Touct.” “During Shoulder Abduction, armor rubbed
at back of neck.” "Armor was a little tight around the shoulders — dug in when reaching
up.” "It seemed to rub on shoulders (inside).” :
About two-thirds of the Ss reported problems for the Standard Armor worn with
the LCE. The following were responses to Question 1: ‘‘Chaffing of shoulder.”
“Interfered with head movements.” “Armor dug into muscle on inside of shoulder.”
“Just heavy — the helmet always bothers me.”” ‘A little bit heavy when breathing hard.”
“Notices pressure on left shoulder, but only during Shoulder Abduction and Combat Crawl!
tests.” ‘‘Could feel armor against back of neck. Noticed it more when helmet was worn.”
“Armor dug into side of neck during Shoulder Abduction and Low Crawl tests, not on
Figure-8 Duck.” “In Ball-Pipe test kept hitting elbow on ammo pouch.” "It was a little
heavier.” "It was tighter than the others in the neck area and arounc the back.”
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The answers to Questions 1 and 2 car be summarized as follows: There were fewer
problems for the LCE only condition than for the Standard or Experimental Armor worn
with LCE, and fewer for the Experimental Armor plus LCE than for the Standard Armor
plus LCE. All the differences were small and none were significant statistically when
the sign test was applied.
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Tabulation of the answers to Question 3 show that Experimental Armor plus LCE
was first in comfort, LCE worn alone was second, and Standard Armor plus LCE was
third. However, none of these differences were statistically significant on the sign test.

it e

The answers to Question 4 disclosed few problems and those were related to the
webbing equipment. No problems were described which related directly to the donning,
adjusting, or doffing of the armor items.

The sign test was used to compare the tabulated replies to Question 5. Comparisons
between the responses 1o LCE alone and Standard Armor plus LCE and between LCE
only and Experimental Armor plus LCE favored LCE alone, significantly (i3 to 1 and
13 to 4 respectively 0<.05). When Standard Armor plus LCE was compared with
Experimental Armor plus LCE the results were not significant, aithough they favored the
Experimental Armor.

Discussion

The main differences in constructio.r and design between the Exparimental 48 Plate
Titanium-Nylon Armor Vest and the Standard 135 Plate Titanium-Nylon Armor Vest are
in the number and size of titanium plates, weight {the Experimental Armor is 12 oz.
{340.2 gm.) lighter), and in shoulder design. The shoulder of the Experimental Armor
was intentionally cut back to permit increased shoulder movement. Before the experiment
was initiated, it had been anticipated that the 135 plate construction might be more flexible
than the 48 plate construction, that there would be more freedom of shoulder movement
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in the Experimental Armor, and that the 12 oz. (340.2 sm.) weight advantage would
favor that armor slightly. The LCE worn without armor is much lighter {19 Ibs. {8.62
kg.)) than the LCE wom over the Experimental Armor, {Total load: 26 Ibs. 16.5 oz.
(12.23 kg.)), or the LCE wern over the Standard Armor, (Total load: 27 Ibs. 11.5 oz.
{1257 kg.)).

Thus it is not surprising that the Head Movement Ventral to Dorsal, Finger Touching,
Shoulder Flexion, Shoulder Abduction, Figure-8 Run and Duck, Combat Crawl, and
Ball-Pipe Tasks all differentiate significantly between the lighter LCE worn without body
armor and the heavier LCE worn over the Standard 135 Plate Body Armor. Perfcrmance
on the other two tasks, Body Flexion and Twist and Touch, appears to be largely unreiated
to and unaffected by the three body armor conditicns studied.

Differences between LCE worn alone and Experin.ental Armor plus LCE are significant
for Head movements Ventral and Dorsal, Finger Touching, Shoulder Abduction, Figure-8
Run and Duck, and the Combat Crawl tasks. Differences between LCE worn alone and
Experimental Armor plus LCE were not significant on the Shoulder Flexion and Ball-Pipe
asks. Both of these tasks involved vertical positioning of the arm and shoulder. It appears
that the cut out portion of the shoulder of the Experimental Armor (Figure 6, 9, and
10) interfered little with vertical positioning of the arm and shoulder, and thus with
performance on the Shoulder Flexion and Ball-Pipe tasks, and only slightly more than
the LCE when worn alone, with the result that no significant differences were found.

The differences between the Experimental and Standard Body Armor, worn with
the LCE in both cases, significantly favored the Experimental Body Armor on the Finger
Touching, Shoulder Flexion, Shoulder Abduction, and Bali-Pipe tasks. These differences
appear to result from the interference of the pivot shoulder unit of the Standard Armor
with vertical positioning of the arm (Figure 8, 11, and 12). Thus there appears to be
an urgent need for research to improve the design of the shoulder protection incorporate-J
in body armor.

The answers to the interview questions were useful in pointing out specific difficulties
with the armor and webbing equipment. They also are a rough guide to the frequency
of problems and difficulties, and an indication of the relative comfort of the three armor
conditions studied.

Ccnclusions

1. Performance on seven tasks (all except Body Flexion and Twist and Touch)
significantly favored Load Carrying Equipment worn alone, as compared with the same
Load Carrying Equipment worn over the Standard {135 Plate} Titanium-Nylon Body
Armor.

2. Performance on the Body Flexion and Twist and Touch Tasks did not differentiate
among armor conditions in this study.
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3. Performance with Load Carrying Equipment only is significantly superior to
performance with LCE womn over the Experimental (48 Plste) Titanium-Nylon Body
Armor on the following tasks: Head Movement Vertical to Dorsal, Finger Touching,
Shoulder Abduction, Figure-8 Run and Duck, and the Combat Crawl.

4. There is no significant difference in performance on the Shoulder Flexion and Bail-Pipe
tasks between the LCE wom alone and when worn over the Experimental Body Armor.

4. When worn with the LCE, Experimental Body Armor scores were significantly better
than were scores based on Standard Armor plus the LCE on the Finger Touching, Shotulder
Flexion, Shoulder Abduction, and Ball-Pipe Tasks. These differences appear to be directly
related to the shoulder Jesign of the armor.

6. The interviews supplemented the performance data in pointing out specific difficulties,
as a rough guide to their frequency, and as an indication of the relative comfort of the
equipment items studied.
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PART il: ARMOR AND LOAD INDUCED PATTERNS OF PRESSURE O# THE
TORSO DURING MOTOR PERFORMANCE

Introduction

The purpose of Part 1l was to study and evaluate in detail the pressure distributions
on the torso which resulted from wearing the armor and Load Carrying Equipment (LCE}
while performing the 9 tasks used in Part I. This was done by means of a Load Distribution
Analyzer (Scribano, Burns & Barron, 1970) and a lightweight cloth sensor garment
incorporating a large number of built-in pressure sensors (Figure 14).

Metiod

At the end of Part |, motion pictures in color were taken of the display of a Load
Distribution Analyzer and of a test subject (S} as be nerformed each of the nine tasks
used in Part |I. The subject wore a light-weight cloth sensor garment which was connected
by a cab:ie to the display panel of the analyzer (Fig. 14}. The vest contained 114 individua!
pressure sensors which were distributed into four zones, 1} Upper Front, 26 sencors,
2) Upper Back, 28 sersors, 3) Lower Front, 30 sensors, and 4) Lower Back, 30 sensors.
Originally 30 sensors had been planned for each zone, but the neck occupied the space
of 4 sensors in Zone 1, and of 2 sensors in Zone 2. With the equipment available, the
output of only one zone could be displayed on the analyzer at a time.

Each sensor could respond to three levels of pressure. A sensor did not respond
to less than 1/2 Ib. (227 gm.) of pressure and no hght showed on the display. With
1/2 but less than one pound of pressure a green light was displayed, with more than
one pound {454 gm.) but less than 1-1/2 Ibs. both green and yellow lights were “on”,
and when the pressure exceeded 1-1/2 lbs. (680 gm.) green, yellow and red lights were
lighted for that sensor.

After all the films had been viewed in motion one or more times and a few samples
of frame by frame analysis had been completed, a decision was made to limit such analysis
to two tasks, because of the amount of time required. The Ball-Pipe and the Figure-8
Run & Duck tasks were chosen for detailed analysis as likely to furnish the greatest amount
of information in the least time. The Combat Crawl, also a realistic task, was considered
b1t was not chosen for detailed analysis because each cycle was more than twice as long
as the typical Figure-8 Run & Duck task cycle.

The Ball-Pipe task was selected to illustrate the method used to analyze ~nd record
data from the films. This task was studied first and was used to develop metuuds for
recording frame by frame the pressure on each sensor, for coding salient reference points
in the cycle, and when needed, for indicating the posture and the nature of the movements
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occurring at the time. This task was chosen because it was short and involved relatively
simple movements which usually varied little from cycle to cycle, uniess the ball was
dropped. Also n was anticipated that as the first task was recorded some changes in
method would occur, analytic and recording techniques would be improved, and some
of the work done first would have to bie redone, making brevity of this task coubly
important.
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The Figure8 Run & Duck task, also described in Part |, was analyzed second. It
was considered to be the best task to analyze in detail, for three reason:* 1) It involved
a wide variety of relatively ccmolex body movements, 2) The movements involved were
quite representative of activities required during combat, and 3) The cycle was not too
long to analyze even though it involved 2 longer and more complex cycle tisan the Ball-Pipe
task. It was necessary to use additional marginal symbols and notes to indicate accurately
: the positicn in this cycle and the nature of the movements. Data similar to those for
3] the Ball-Pipe task have been recorded for the entire Figure-8 Run & Duck task. Because
] of their iength they have been omitted from this report.
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Even before the photographs had been taken, it was noted that each task involved
several repetitions of essentially the same cycle of movements. For analysis, a minimum
of two samples of at least one comple.e cycle in duration was considered necessary for
each of the four zones of the display, for each armor condition, for each task. The
six armor conditions, in order from lightest to heaviest, were: 1)} The Sensor Garment
(SG) alone, 2) Experimental Armor wom ower the SG, 3) Standard Armor worn over
the SG, 4) Load Carrying Equipment (LCE) worn over the SG, 5; LCE worn over the
Experimental Armor and SG, and 6) LCE wom over the Standard Armor and SG.

On the Ball-Pipe task, the beginning of a complete cycle was recorded as the hand
moved downward past the mid-point, the half way point of the cycle was recorded as
the hand passed the mid-point in the 1"~ward direction, and the end of a complete cycle
was recorded as the hand passed the mid-point in the downward direciion for the second
time. The mid-point was chosen to mark ithe beginning and and of a cycie hecz'ise this
point could be determined accurately on the film. The hand was rnoving a* appreximately
maximum speed as it passed the mid-point and the frame in which the hand was nearest
the mid-point usually could be identified easily. Near the top and bottom of the movement
cycle the change in hand position from frame to frame was smaller and the frames which
inciuded the top and bottom points in the cycie were more difficult to identify.

A separate sheet was used to record a single cycle for one zone only. The amount
of pressure on each s:22or in one zone of the sensor garment was recorded during each
of the frames of the cycle.
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The results of Part |l of this report should be considered to be mainly illustrative
as each film was based on the performance of only a single S. However, the results
are generally compatible with the findings of Part 1, which was based on 18 Ss. Moreover,
it is believed that the frame by frame analysis furnished far more detailed information
concerning the impact of the armor and 1oad on S’s torso than had previousiy been secured
in any other way.

The analyses resulted in detailed records which indicated for each frame the amount
of pressure at each sensor location. Two such records are shown side by side in Figure
15. In addition, a set of symbols located in the margin serve as reference points to
indicate the beginning, middle and end of each task cycle.

L A e SR O A A

This figure illustrates the analysis of two independent cycles of the Ball-Pipe task.
it represents the response of Zone 1 sensors when the LCE was worn over the Sensor
Goarment and no armor was worn. There was no response to Sensors 1, 2, or 17 through
= 30 in either sample, so they have been omitted from the figure to permit showing two
= independent cycles side by side on one page. Figure 15 also illustrates the fact that
the distribution of pressures changed materially during the cycle. In addition, the two
4 samples, although similar, are not exactly the same. They differ by two frames in length;
= Sensor 13 has 16 more {l) entries for Sample 1 than for Sample 2, and Sample 2 has
14 (+) responses for Sensor 7, while Sample 1 has none. Hcwever, when the minimum
pressure values of 1/2 Ib. (227 gm.) for green (1), 1 1b. (454 gm.) for yellow (+), and
s i-1/2 1b. (680 gm.) for each red light (®) are assigned, the cumulative totals for samples

= 1 and 2 differ only slightly: 68 and 695 Ibs. (3084 and 31.52 kg.). Also, except
for Sensors 7 and 13, the total piessures for the corresponding individual sensors differ
comparatively little between the two semples. The differences found between samples
fur sensors 7 and 13 easily could have resulted from a slight shift in the position of
the lead.

Graphic summaries similar to those shown in Figure 15 have been prepared for two
. sample cycles for each of four zone by six armor-load-carrying equipment combinations
B for both the Ball-Pipe and Figure-8 Run & Duck tasks. They are too lengthy to include
E in this report.

Tab!e 11 summarizes total pressure per sample for two samples (cycles) of the Ball-Pipe
task for each of the four zone and six load condition combinations, a total of 48 cycles.
The pressure unit used was the frame-pound (fp). It is defined as a pressurc of one
pound (454 gm.) exerted on a single setsor unit of the sensor garment, during a time
period of one frame, and was indicated by a yellow light on the photograph of the Load
= Distribution Analyzer. Although this urt is an unusual one and has some limitations,
it proved to be convenient and useful for the purposes of this study.
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The entries in Rows 1-4 and Columns 1-6 of Table 11 make it possible to compare
the total pressure {in fp) for any one cycle with that for any other cycle, irrespective
of sample, zone, armor, load, or number of frames in a cycle. The total pressure per
cycle varied from O to 133.5 fp. Although the number of frames per cycle is not included
in Table 11, it varied within relatively narrow limits. The original data show that the
range was from 29 to 38 frames, with a mean of 31.5, 2 median of 31.2, and a mode
of 31. Of the 48 cycles, 34 were 30, 31, or 32 frames in length. Thus any effect
of cycle length on total pressure was relatively small as compared with the effects of
zone and load.

1t was found that the total pressure in fp depended greatly on the zone being recorded
and on the weight and other characteristics of the six loads. The row totals in Column
7 show that the total pressure in fp recorded was greatest for Zone 1 (Upper Front),
approximately half as great for Zone 2 (Upper Back), least for Zone 3 (Lower Front),
and a little larger for Zone 4 (Lower Back! than for Zone 3. The mean pressure per
cycle entries for rows (shown in column 9) indicate the same relationships. The column
totals for Columns 1-6 in Row 7 show the total pressure for each of the six loads, across
all four zones. It should be noted that the order of the pressure totals for columns
and the order of the mean pressure per cycle totals for columns correspond and are the
same as the order of the load weights, which are shown near the top of the table, from
lightest to heaviest.

The same basic relationships which were just discussed are shown again in Table 11,
in somewhat different terms. Column 11 shows the mean pressure per sensor per cycle
by row (Zone) across Loads. Row 11shows the mean pressure per sensor per cycle by
column (Load), across Zones. Column 13 shows the effect of Zone on mean pressure
{(in fp) per sensor per frame, across Loads. Finaily, Row 13 shows the effect of Load
on mean pressure (in fp) per sensor per frame, across Zones.

Again, the basic data are available for preparing a table for the rigure-8 Run & Duck
task which would be similar to Table 11 for the 3all-Pipe task. This table also was omitted
to conserve space.

Discussion

The reccrds on which the graphs in Figure 15 9re bas make i passible to determine
the amount of pressure: on any sensor, duning any frame of any cycle of any of the
tasks which have been analyzed frame by frame. More important, the meaning of this
pressure pattern can be interpreted specifically in relation to the combined effect .-¢ the
armor and lcad carrying equipment wormn and the particular postures and movements
involved in that spe:ific portion of the task. Since the locations of all the sensors on
the sensor garment are known, the amount of pressure on each location on the torso
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can be determined from the graphic records for each frame of each cycle, for each zone,
and for each of the load conditions. Also, pressures can be totalled, averaged, and compared
over spatial areas, periods of time, or cycles.

Ordinary viewing of the motion pictures cigarly indicated the basic cyclic nature of
the nine tasks studied in Part . Some cycles were comparatively short and highly repetitive,
as in the Ball-Pipe test. Others were longer, more complex, and varied more from trial
to trial, even though the basic cycle did no: change, as in the Figure-8 Run & Duck
task. The cyclic nature of the performance on these tasks, along with a moderately high
degree of consistency from orz repetition to another, made it possibie to analyze a smal!
number of cycles from a longer performance, with little loss of representativeness and
a great saving of effort.

Part | was based on experimental results for i8 test subjects on € different
performance tasks, under three arror-load coi:?itions: LCE only, LCE over Experimental
Armor, and LCE over Standard Armor. In contast, Part |l was based on the performance
of only one S on any one task, and different Ss were used on different tasks. Moreover
the available films were analyzed for only two tasks, the Ball-Pipe and the Figure-8 Run
& Duck. Also, because of the lengih of the Figure-8 Run & Duck records and the need
to conserve space, this report is based almost entirely on the analysis of the Ball-Pipe
task records.

Nevertheless, performance results for the Ball-Pipe task for Part | may be compared
tentatively with the results of the analysis of the Part 11 pressure distribution patterns
for the same task and load-armor condition. This is legitimate provided we recognize
the limitation that the pressure distribution study (Part 1) essentially is based on onlv
one subject, and that the weight (225 Ibs. or 1.02 kg.} of the sensor garment used in
Part |1 is considered, or can be ignored safely.

In Part 1, there was no statistically significant difference in performance on the
Ball-Pipe task between LCE wom without armor and LCE worn over the Experimental
Armor, in spite of a total weight difference of approximately 8 Ibs. This lack of difference
was attributed to the fact that the cut out portion of the shoulder of the Experimental
Armor did not interfere with upward moverents of the arm and shoulder. On the other
hand, performance scores were significantly smalier for the LCE worn with the Standard
Armor than for the LCE alone, or for the LCE woarn over the Experimental Armor. Scores
were smaller for the Standard Armor and LCE, in spite of the fact that the LCE and
Standard Armor combined weighed only slightly (3/4 Ib. or 340.2 gm.) more than the
LCE and the Experimental Armor. 1t appaars that the pivot shoulder unit of the Standard
Armor interferes with performance on this task.

In contrast, differences in total pressure among these same three conditions in Part
Il were ltarge, in spite of the weight differenc2 between Experimental and Standard Armor
being the same in Part 1l as in Part I. In Part Il, the LCE and Standard Armor total
pressure score also is far greater than the pressure scores for the LCE alone, or for the
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LCE and the Experimental Armor, which in this case also differ greatly. Thus the time
= scores for performance in Part | and the total pressure scores in Part |l agree to the
extent that the LCE and Standard Armor is the most burdensome of the three armor-load
conditions studied. However, the performance scores in Part | for LCE alone and for
LCE and the Experimental Armor did not differ significantly whereas the total pressure
scores in Part |l differed greatly. These results suggest that the pressure scores may be
more sensitive to weight and the performance scores more sensitive to encumbrance. Thus,
in spite of appearing to vary independently, these two measures suppiement one another.
Moreover they suggest, although they do not prove, that the tectinique of frame by frame
fiim analysis based on the use of the Load Cirtribution Analyzer may b= capable of
detecting smaller and more subtic differences in wie impact of armor anu weight loads
on the individuai than can be detected by presently available performance measures.
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In any case, the techniques used in Part !l appear to be of great potential value
for studying the impact on soldier performance, of clothing, load-carrying equipment, and
protective equipment such as helmets and body armor. They supplement the methods
ordinarity used in Field Testing and the technigues used in Part | for studying motor
performance. The main limitation of the procedures used in Part 1! was the amount
of time and tedious effort involved. Rodzen, Ogden, Scribano, Burns, & Barron (1972)
have designed and fabricated a Full-Scale Anatomical Load Profiie Analyzer Display which
indicates at one time the pressure on 248 Sensors relatively evenly distributed over the
entire torso. |BM data cards car be punched from the display for a permanent record.
The method devised by Rodzen et al is a distinct improvement over ones previously used.
Nevertheless, it will be necessary to develop some sort of an automatic transcribing
technique before the method can be widely applied.®

Conclusions

1. Aoy conclusions based on Part il are limited by being based mainly on the
performance of a single test subject.

2. Nevertheless, irame by frame analysis of the nwotion pictures of the performance
of the tasks fumished a large amount of detailed information concerning the impact
of the armor and load on the vearer’s torso.

3. The distribution of pressures on the sensor garment changsd materially from time
to time during the performdnce of any task.

4. The performances of the tasks tended to be cyclic in nature, with the result that
relatively short samp..s of one or two cycles were usually representative of an entire

performance many cycles in length.

* Eftorts have already been initiated to develep suck an automatic transcribing technigue.
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Total pressures recorded during a performance cycle were consistently greatest for
the upper front, next for the upper back, and le2st for the lower back torso zone.
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6. The rank order of the tota! pressure recorded for each of the six loads, across all
four torso zones, was the same as the rank order of the weight of the loads.

- 7. The results suggest that frame by frame film analysis based on the use of the Load
Distribution Analyzer may be capable of detecting smaller and more subtie differences
in the impact of armor and loads on the individual than can be detected by presently
available performance measures.
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8. The main drawback of the procedures used in Part Il was the amount of time and
tedious =ffort involved. It will be necessary to develop an automatic transcribing
procedure before the technique can be extensively applied.
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Figure

Ii:

Load Carrying Equipment (LCE) Worn over Fatigues.
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Figure 2. Head Movement Ventral to Dorsal. Goniometer set to zero with head in
ventral position.
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Figure

3.

Head Movement Ventral to Dorsal.

2h

Goniometer ready to be read.




Figure 4. Toe Touching {Body Flexion}. LCE worn over Standard Armor.
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Figure

B

Finger Touching.

LCE worn over Standard Armor.
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LCE worn over Experimental Armor.

Twist and Touch.

6.

Figure
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Figure 7. Shoulder Flexion. Preliminary Position.
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Figure 8. Shoulder Flexion. Final Position.
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Figure 9. Shoulder Abduction. Final Position. LCE worn over Experimental Armor.
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Figure

10.

Figure-8 Run & Duck.
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LCE worn over Experimental Armor.
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Figure 12. Ball-Pipe Test. Top of Cycle.
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Bottom of Cycle.

Ball-Pipe Test.

13.

Figure
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Figure

14.

LCE worn over the Sensor Garment, and connected with the Load
Distribution Analyzer.
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Condition: Webbing Over Senscr Vest — Zone 1.

Sample 1 {One Cycle) Sample 2 (One Cycle)

Sersor No. *, ** Sensor No.
34567891011 1213141516 3456789101117 13141516
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Bottom Bottom
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TOP
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Midpoint¢ .

& Midpoint
tbs 11.5 24 75 81 9 7 11 32 8 e 1 1 75 Lbs.
pressure: pressure
Totai for Sample 1: 68 pounds pressure Total for Sample 2: 69.5 pounds pressure
88 Ihs. ¢+ 34 frames = 2.0 pour's per frame 69.5 = 32 frames = 2.17 Ibs. pressure per frame
21bs. 3 26 senscrs = 0.077 pounds per 2.17 = 26 sensors = (0,083 Ibs. per senscr frame
sensor frame.
* Sensors 1, 2, and 17 to 30 showed no responses a.d have been omitted frum the Figure.
** | = 1/21b., +=11b.and (+) = 1-1/2 Ib. pressure.

Fig. 15. Pressure Changes During the Ball-Pipe Task *
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Appendix

Head Movement, Ventral to Dorsal (Dusek, 1958)*

1)

1., Materials: A GRAVITY goniometer MOUNTED ON A HOOK AND LOOP
FASTENER 1 INCH WIDE TO MAKE IT READILY ADJUSTABLE FOR
A SNUG FIT, and a straight backed chair.

li. Instructions to tester: Read the instructions 1o the subject.

" A, i s R

Read them word for word. Do not change or add to them.

Scoring: The goniometer is placed on THE LEFT lateral surface of the head
OR HELMET and is zeroed when the subject’s head is forward and down
in ventral position. The shoulders remain against the back of the chair in
this position. The head is then tilted as far back as possible (dorsal position)
and the movement of the head is read in degrees. FOUR trials are given
with 15-second intervals between successive readings.

IS o I"y‘l""]l"i'l:'\:!Il,’ﬂ'

Il.  Instructions to be read to the subject:

1. “Sit upright in this chair with your hands ciasped behind the chair. Try
i not to move your chest or shoulders.”

N 1

2. "When | tell you, bend you head as far down as possible witnout moving
your shoulders or chest. Hcld this position for five seconds.” Set ihe
goniometer TO ZERO.

P

-

3. "Now bend your head as far back as possible without moving your
shoulders or chest. Hold this position for five seconds.”” (RECORD THE
GONIOMETER READING).

A P g

I

4. “Are there any questions?”’ Be sure to correct the subject if he is not
following instructions (p. 19).

2) Toe Touching (Standing Flexion) (Dusek, 1958)*

1. Materials: Box with vertical scale attached. Scale is marked at 1/4-inch
intervals.

* Changes are indicated by typing the change or addition in capital letters. Alt underlining
in the original has been eliminated and page numbers have been placed at the end
of the last sentence of each task description.
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3)

Finger

Instructions to tester: Read the instructions to the subject.
Read them word for word. Do not change or add to them.

Scoring: Record to the nearest 1/4 inch that the subject reaches and holds
for five seconds. Make FOUR successive measurements with 15 seconds
between each. Be sure the knees do not bend. Mote whether the scale is
adjusted for shoe soles and heels.

Instructions to &2 read to the subject:

i. "You will stand on this box with ycur feet about 4 inches apart and
parallel and wiih your toes at the edge of the box facing the upright stick.
Keep your knees stiff and do two preliminary ‘toe touches’. Then take a
third toe touch. Keeping your hands together and sliding your palms down
the outside surface of the board, hold the lowest point you can touch for
a few seconds before you straighten up again.”

2. "Are there any questions?’’ Be sure t. correct the subject if he is not
following instructions (p. 15).

Touching, Right Hand (Dusek, 1958)*
Materials: A twelve-inch ruler.

Instructions to tester: Be sure subject is standing with toes, abdomen, sternum
and nose against the projecting corner of the wall. Watch for contact with
wall, leve! shoulders, jerky movements giving benefit of momentum, trunk
rotation, assistance of one hand by other. Measurement is to nearest 1/4
inch based on distance apart or overlap for middle digit of each hand. Use
negative values if fingers are apart, and positive if there is 3n overlap. (Negative
scores may be eliminated by adding a constant to all values.) Make FOUR
successive measures for right arm over shoulder.

Instructions to be quoted to subject: “Stand with toes, abdomen, sternum
and nose against the corner of wall. Reach with both arms simultaneously.
The right arm is to reach over the shoulder and with elbow flexion reach
down the spine as far as possible with palm facing YOUR back. At the
same time, the left arm is to reach behind the left side, and by elbow flexion,
up the spine as far as possible with the palm facing away from the back.
The hands should be kept straight with an attempt to reach the opposite
hand or overlap as far as possible.”” Be sure to correct the subject if he
is not following instructions (p. 16).
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Twist and Touch (Based on Fleishman, 1964. Not a direct quotation).

“Stand with non-preferred side toward the wall, arms length away (with fist), with
feet together and toes touching 2 line drawn perpendicular to the wall. Keep your
feet in place and twist back around as far as possible and tcuch the wall with your
preferred hand, keeping the hand at shoulder height with the palm facing the floor.”
(Tester places his foot against the subjects foot to help keep the subject’s fe=2t in
place.} A horizontal scale extended on either side of a line on the wall drawn
perpendicular to the line on the fioor, and was marked off from O inches to 30
inches. There were four trials with 15 seconds between them.

(kv

S B

SCORE: Furthest point reached and held for two seconds (p. 78).

5) Shoulder Flexion (Dusek, 1958)*

l. Materials: Goniometer and a wall with doorway.

1. Instructions to the tester: Read the instructions to the subject.
Read them word for word. Do not change or add to them.

Scoring: Place the goniometer on the lateral surface of the upper arm against
his side, elbow stiffi, and the arm perpendicular to the floor. SET
GONIOMETER TO ZERO. Read the goniometer when the arm is raised as
far forward and up as possible. The elbow is left stiff and the arm is parallel
to the median plane. The trunk is maintained perfectly erect. FOUR readings
are taken with 15 seconds between successive readings.

g

= ll.  Instructions to be read to the subject:

1. "Stand facing this wall but not quite touching it. Your right shoulder
and arm should be just past the edge of the doorway.”

i 2. "Place your right arm against your side with the elbow stiff and the arm
! straight down.” Set the goniometer.

£ 3. “Now raise your entire arm forward and up as far as possible. Keep
your elbow stiff and stand up straight. Hold it until | tell you to relax.”

F £ - 4. “Are there any guestions?” Be sure to correct the subject if he is not
= & following instructions (p. 22).
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7)

8)

Shoulder Abduction (Dusek, 1958)*

{. Materials: A gravity goniometer mounted ON A HGOK AND LOOP TAPE
FASTENER 1 INCH WIDE to make it readily adjustable for a snug fit.

Il. Instructions to tester: Read the instructions to the subject.
Read them word for word. Do not changs or add to them.

Scoring: Place the goniometer on the right arm just above the elbow with
dial on the posterior side of the arm. Set pointer st zero.

Be sure subject is standing with toes, abdomen, sternum and nose against
the projecting corner of the wall.

Watch for contact with wall, back extension, rotation of arms, elbow flexion,
and movement out of the frontal plane. Reading is taken at the point where

a deviation occurs or no further movement is possible. Make four successive
measurements,

1. instructions to be quoted to subject:

“Start facing the corner with toes, abdomen, stemum and nose against the
corner of the wall, arms hanging at sides, palms facing in toward the body.
Raise the arms sideward and upward as far as possible while maintaining the

contacts with the wall.” Be sure to correct the subject if he is not following
instructions (p. 23).

Figure-8 Run & Duck (Modified from Fleishman, 1964. Not a direct quotation).

Two uprights are placed 7 feet apart with the cross-bar adjusted to the height of
the subject’s waist.

‘You start at the right of one of the uprights. On the signal ‘GO’, run under the
cross-bar, around the far upright, back under the crossbar again, and around the
near upright. In other words, you run arcund the uprights in a figure-8 farhion,
ducking under the cross-bar each time. Your ccore is the length of time required
to complete 6 complete Figure-Eights {p. 84-85).”

Simulated Combat Crawl

*This course is exactly the same as the one used for the Figure-8 Ru~ & Duck.
You assume the prone position at the right of the upright, with your belt even with
the upright. On the signal ‘Go’ you craw! nder the cross-bar, around the far upright,
back under the cross-bar again, and around the near upright in a figure-8 pattern
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9)

and continue. The score is the length of time required to complete four figure-8s
crawling. Use the ‘Low Craw!’ which you were taught in Basic Training.”” (Check
closely on use of the proper crawl technique.)

Ball-Pipe Test (Dusek, 1958)*

Materials: A pipe one inch in INTERNAL diameter and 20 inches long is
attached vertically to a wall or blackboard with a net located 18 inches below
the bottom end of the pipe. (THE TOP OF THE NET IS 15 INCHES BELOW
AND THE BOTTOM OF THE NET IS 18 INCHES BELOW THE LOWER
END OF THE PIPE.) An electric counter is activated by a switch located

TEN inches from the tco of the pipe. The top of the pipe is six feet from
the floor.

Instructions to the tester: Read the instructions to the subject.
Read them word for word, Do not change or add to them.,

Scoring: The number of times a steel ball 7/8 inch in diameter can be dropped
through the pipe and caught with the same hand is counted. Failure to catch
the ball does not deduct from one's score. The number of times the ball
passes through the pipe each 30 seconds is recorded. The subject performs
continuously for five minutes.

Instructions to be read to the subject:

1. "'Stand facing the pipe. You are to pick up this steel ball with your
preferred hand and put it in the top of the pipe. You will drop it into
the pipe and with the same hand attempt to catch it at the bottom. Try
to put the ball through the pipe as rapidly as you can. Your score will
be the number of times you put the ball through each 30 seconds.” “IF
YOU DROP THE BALL, TRY TO CATCH IT ON THE FIRST BOUNCE,
OTHERWISE PICK UP THE SECOND BALL IN THE NET AND CONTINUE
IMMEDIATELY. THE TEST LASTS FIVE MINUTES. YOU MUST USE
ONE HAND ONLY.”

2. ""Are there any questions?’
3. “Begin when | say ‘gc’ and continue to do your best until | say 'stop”.”

4. "Ready? Go.” Be sure to correct the subject if he is not following
instructions {p. 27).
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