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AN EVALUATION OF THE HITTING PERFORMANCE

v € 4B _isman. s . mma

- OF THE MLI6AL RIFLE WITH AND WITHOUT A SIGHT RIB

e
. BACKGROUND ' o
- The results of several small arms tests,! conducted by the US Army ’:2
! Human Engineering Laboratory (USAHEL), have suggested Lhat adding a sight -
N - - rib-io an infantry rifle will_significantly improve hit probability when Egj
~ firing quickly. " s

Designing and testing the new sight rib were underltaken with the
. intent of trying to include a modification related to soldier performance o
i—~ : in the M16Al rifle product improvement program (PIP), At the same time, L
there was a program to improve the M16Al rifle by rebarreling it to fire N
the new NATO standard SSLO9 cartridge, increasing the durability of the
plastic parts, and adding a muzzle brake compensator, a burst control
device, and adjustable rear sights,

E There are no data on the effects of auch additions to the M16Al rifle, ot
but e strongly believe that this rifle would benefit more than Lhe tested hpaby

rifles because its pointing characteristics are poorer. Its poor pointing .

. characteristics principally result because the weapon has no major plane

- along its top surface that is parallel to the axis of Lhe bore.

i We have designed and fabricated a sightL rib that can be incorporated p—
- into a new upper haadguard--which is one of the parts scheduled to be ~
- replaced in the M16Al PIP. By making the sight rib part of the upper
handguard, no changes to the basic rifle are required and the new handguard .
with the sight rib can be installed by the rifleman. ’

%
|

OBJECTIVE

- ¢

Qf The objective of this pilot test was to compare soldiers' performance
T using & standard ML6Al rifle to their performance using an M16Al with a
» sight rib. We used both aiming and pointing firing techniques. Only the

L

~ standing firing position was used. -~
-j 1Thes--e-'-reports discuss several small arms tests conducted by USAHEL. o
5 Kramer, R. R., & Torre, J. P., Jr, (1964). Effects of rifle configuration L
=" on quick=-fire accuracy (TM 6-64). Aberdeen Proving Ground, MD: US Army o
- ) Human Engineering Laboratory. ~—-
- Torre, J. P., Jr., (1963). Human facLors affecting rifle accuracy in .
- automatic and semiautomatic fire (TM 11-63). Aberdeen Proving Ground, MD: =
;{ US Army duman Engineering Laboratory. X
,; Torre, J. P., Jr.,, Kramer, R, R., Krogh, R, V., Waldhour, L. G., (1964). -
ié Human factors evaluation of the Stoner 63 assault rifle (TM 7-64). ;
g Aberdeen Froving Ground, MD: US Army Human Engineering Laboratory. —
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1f the weapon with the sight rib proved to be effective when used
against targets exposed for only brief periods of time and at distances of
30 to 75 meters from the gunner, our plan was to attempt to introduce the
sight rib into the M16Al PIP. Once included in the PIP, the ridb would be
subjected to a more comprehensive Lroop acceptance test.

METHOD

Participants

The 27 subjects used in Lhis experiment were combat arms riflemen from
the Soldier, Operator, Maintainer, Test and Evaluation (SOMTE) group
stationed at Aberdeen Proving Ground, MD.

Apparatus

The tes.L was conducted at the M-Range (see Figure 1) using the USAHEL
automated pop-up target facilities. The targets were "E" silhouettes
emplaced 30 and 75 meters from the gunner. There were five targets at each
range in a firing fan of about 40 degrees.

The time to fire (the time from the "target-up" command to the firing
of the round) was recorded at the test course with the help of a microphone
at the firing point which picked up the report of each shot. Metallic
sandwich targets were wired so thalL when a shot hiL the target, the bullet
completed a circuit to the data recording apparatus, thus recording the
hit.

Description of the sight rib

A sight rib is a long straight surface parallel to the rifle's bore
just below the axis of the sights Lhat shooters can see when they have
their eye in the vicinity of the rear sight. 1Its purpose is to give the
shooter a strong visual cue about where the barrel is pointing. Without a
rib, the M16Al presents no such cue.

The sight rib (Figure 2) used in this test was designed by the author
to be an integral part of the upper half of a two-piece handguard for the
M16Al rifle. The rib is installed on the rifle the same way the current
handguard is by inserting the forward part of the handguard into the
handguard cap so that the front part of the rib straddles the front sight
assembly., The rear part of the handguard is secured to the barrel nut by
the spring-loaded locking collar. The sight rib and handguard are
ventilated, allowing air Lo circulate around the barrel and berween the
insulated handguard and an internal heat shield. The top surface of the
sight rib is grooved to reduce glare and includes a white line down tLhe
middle to aid in pointing when there is not much light. The sight rib adds
about 5 ounces to the weight of the handguard.
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Training

- Each gunner was given instructions on both the pointed-fire and
'_7{ aimed-fire techniques. This included nonfiring practice and a
. demonstration by one of the test controllers.

During practice, every gunner fired at each of the 10 targets with
N each weapon configuration., Gunners were trained and fired their weapon one
. al a time. Gunners were trained just before they fired for record. Each
o gunner was trained and fired for record four times, twice with the sight
. rib (aimed and pointed) and twice with the standard weapon (aimed and

ol pointed). Gunners were told to fire as many rounds at each target as they
v could. Only semisutomatic fire was permi!.tred‘.

= PROCEDURE

The target range, target angle, and the time the target was exposed

: were varied randomly for each subject. Subjects fired at each target until

Lthe targel was hitL or until it went down antomatically when the exposure

o time expired. Targets were programmed to go down when hit. Half the

i subjects were trained to fire by aiming (using the sights) and the other

half were trained in pointed fire (looking over the sights). Within each

of Lhese two groups, half the subjects fired with the sight rib weapon

first and half fired wilh the standard weapon. Six subjects were Lested
each day.

i Perticipant Scenario

Each subject proceeded to the firing poinL and was given a test
weapon. The range safetly procedures, range fan, and location of Lhe
targets were described and shown to the subject. The subject Lhen received
training on the firing procedure. With the weapon pointed downrange, the
subject was given one fully loaded magazine. A test controller, at the
immediaLe rear of the subject, maintained range discipline a2nd furnished
new magazines. Another test controller operated the target contrcl console
from a building behind the firing point. The controller, at the target
control console, was able to see the firing point and the targets through
the windows of the control building. Firing for record proceeded as
described previously.

A microphone near the firing point picked up the report of each shot,
causing the time of each firing to be recorded. Lf a shot hiL the Larget,
the bullet completed an electrical circuit as iL passed through the
metallic surface foam-filled (nonconductive) sandwich target. The time at
which the hit occurred was thus recorded, The circuitry was set so Lhe
target would receive a "down" command when hit. 1If the target was aot hit,
it would recive a "down" command when the exposure time expired. Since the _ {
times for raising and lowering the targel were equal, any selected exposure C
time was an accurate actual exposure time. The times were checked with a ) i
stopwatch at the firing point at the beginning of each morning and
afLernoon session.

N
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When the target was completely down, the computer printed a hard copy
of Lhe data and then transferred it to & magnetic tape cassette,

Caperimental Variables

Independent
Variables: Target distance: 30, 75 meters
Test weapon: M16Al with sight rib, MLl6A] A
without sight rib S
Target exposure time: 2 seconds, 3.5 seconds o
o . Firing technique: Aimed fire, pointed fire - ' B
Dependent ?E:
Variables: Time to fire measured in hundredths of a second S
Hit or miss o]
Number of shots per Larget v %
TargelL distances and exposure times were varied randomly. The .Yi?
ass: :ament of teslL weapons (with or without sightL rib) and firing p
tech riques (aimed or pointed) were counterbalanced. S
o
Data Collection Procedures K
Data collection was automated and the data were stored on magnetic -
tap . ‘
The coatrol building next to the firing point housed a target contro) .
l cons 'le, a Hewlett~Packard 9830 computer, and a cassette recorder. The tar- "“1
get .ontrol console allowed the operator to select which of Lhe lO targets ;
in tne array would be engaged. The operator also selected the exposure time N
to be used for eech target presentation. The operator had two-way visual O]
and radio communication with the firing point personnel. When the shooter :
was ready, the controller pushed the start button which issued a command to -
l the target Lo raise and caused the time of that event to be recorded as B
well as which target, what exposure time, which shonter, what weapon, and s
. what mode of fire. An internal clock provided a continuous time line in -
N hundredths of a second. -
: RESULTS
. Data Reduction and Analysis
: Range instrumentation recorded the following information during the ' ?TF
. test: o
N Trial ldentifying Codes i
2 Method of fire - Pointing or aiming ~;*
- Type of weapon ~ Standard or sight rib :

e
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Target range - 30 or 75 meters

Target exposure time - 2 or 3.5 seconds
Trial - 1, 2, or 3

' Subject number

Target and Firing Data

Target number

’ "Target-up" command time
l Time to each shot
\

~

5~

... __._ __ _ Time to each hit

The data were sorted, and means, standard deviations, and sample sizes
wer. calculated by three USAHEL programs.2 These programs were also used

A to sort the data and compute cumulative hit probabilities.

[t
! A mixed-factor design was used ‘'in this experiment. --There-were lwo ?;5
- bel .cen-subject variables: method of fire (pointing or aiming), and the S
v sequance of firing the weapons (standard or sight rib weapon firsu). The e
.. fou: within-subject varizbles were: weapon (standard or sight rib), target o
T range (30 or 75 meters), target exposure time (2 or 3.5 second), and trials e
i (L, 2, or 3). Analyses of variance (ANOVAS) were conducted for the time to =

fire Lhe first round, percentage of targets hit, and hits-to-shots ratio.
The: » last two dependent measures are different ways of examining hit prob-
abiiity. The 0 level for all tests was .05. Results of the analysis of var- .
ianc: are summarized in Tables 1, 2, and 3. The complete ANOVA tables are -
in the Appendix.

K R
L
et e e

fhe effects of Lhe range and exposure Lime variables were what one
knowludgeable about small arms would expect. The time to fire should
increase and the probability of hitting a target should decrease with range
becanse angular target size decreases wiLh range.

‘fargets exposed for greater lengths of time should, logically, be hit
a higher percentage of the time because the shooter has time Lo aim more

carefully,

Although the type of weapon did not significantly affect the time it
took Lo fire the first round, the hitiing performance using the weapon with
the -~ :ht rib improved significantly compared to the hitiing performance
using he standard weapon. The pracltical significance of the differences
betwec . the Lwo weapons and firing techniques is shown in Tables 4 and 9
and Figures 3 Lhrough 6.

[

“Ursin, D. J., & Miles, J. L., Jr. (1974). Three computer programs for
analvsis of small arms field Lest data (TM 1-74). Aberdeen Proving Ground, S
MD: US Army Human Engineering Laboratory.
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TABLE 1

Major ANOVA Results - Time to Fire First Round

————
A ———

Variable Level of Significance {P-Test) Notes
Method of fire P <,001 Pointing faster than aiming
Target range P <.001 Time increases with range

TABLE 2

Major ANOVA Results - Percentage of Targets Hit

—

h

Variable Level of Significance (F~Test) Notes

Method of fire P <.025 Aiming better than pointing

Weapon P .05 Sight rib better than standard
sight

Target range P <.001 Percentage of hits decreases

with range

Exposure time P <.001 Percentage of hits increases

with exposure time

TABLE 3

Major ANOVA Results - Hits-to-Shots Ratio

Variable Level of Significance (F-Test) Notes

Method of fire P <,001 Aiming better than pointing

Weapoa P <.001 Sight rib better than standard
sight

Target range P <.001 Hits-to-shots ratio decreases

with target range

Exposure time P <.001 Hits-to-shots ratio increases

with exposure time
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Findings

FPigures 3 through 6 show the cumulative percentage of targets hit as a
function of time for various combinations of weapon type, range, exposure
time, and firing technique,

The cumulative percentage of targets hit as a function of time is an
excellent way of showing the relative merits of weapons and firing tech-
niques. Rather than use a pure hit probability, where multiple rounds may
be fired at each target, this way provides a more realistic portrayal of a

"rifleman's task-in combat,-where -the shooter is -primarily concerned with. .

hitting the target quickly and less concerned with how many rounds it takes
to do it.

Figure 7 shows the cumulative percentage of first shots as a function
of time and compares firing techniques in terms of time to fire the first
shot. A similar figure comparing the M16Al and the sight rib weapon is not
included in this report because there was no difference between weapon
types for time to fire.

Tables 4 through 10 show, in the following order, percentage of
targets hit, time to fire, time to hit, number of shots per target, number
of shots to achieve a hit, hits-to-~shots ratio, and time to first hit.

DISCUSSION

The data illustrate a time-accuracy paradox that soldiers must deal
with whenever they fire.

On one hand, the data build a strong case for having shooters aim
their rifles whenever time permits, rather than point them (see Figures 3
and 4, and Table 4). However, as these figures show, this is not the case
when targets are exposed for less than about 1.3 seconds. While it may not
be likely that infantrymen in combat will be able to estimate how long
their target will be exposed, they will often try to keep their time to
fire short so that they themselves are less likely to be hit. In such
cases, they have a distinct advantage with a sight rib equipped weapon (see
Figures 6 and 7).

The sight rib weapon appeared to perform better than the standard
M16Al when aimed, but only against the 75-meter targets (see Figure 5).
The curves for the 30-meter targets show a slight reversal of this effect
but this is probably due to chance and there is no real difference at this
extremely close range.
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Shooters took significantly longer to fire their firat shot =z2i ‘ue
targets farther away, whether pointing or aiming., These targets appedred
smaller Lo the shooters and they devoted an extra quarter of a second (see
Figures 3 through 7, and Tables 1 and 5) to a more precise direction of Lhe
weapon. This strongly suggests that there are degrees of exactness
associated with shooting at a target, rather than just pointing or aiming.
Th- precision with which aiming or pointing is done is most likely the
product of several variables like range, exposure Lime, perceived tLhreat,
and the size of the target. There is probably an area of overlap between
the two firing techniques where iL would be difficult to say if the shooter
is aiming or .pointing.. .

Shooters fire more quickly when they point rather than aim (see Figure
7; Tables 1, 5, and 6). This is Lrue regardless of which weapon they used.

The sight rib rifle and the standard ML6Al appeared to require the
same amount of time to point or aim (Table 5),

Shooters who pointed their weapons tended to fire slightly more shots
per target than shooters who aimed. This was true with both the standard
M16Al and Lhe sight rib weapon (see Table 7).

In every case, the mean hits-to-shots ratio was higher for the rib
equipped weapon than the standard M16Al (see Table 9). The nit-to-shots
ratio was higher for aimed fire than pointed fire.

CONCLUSIONS

This experiment has demonstrated that a sight rib on an M16Al rifle
will significantly improve a soldier's ability to hit a target whea the
targel is exposed briefly or when the shoot2r fires quickly. This holds
true for both pointing and aiming the weapon. The reason Lhat a rib
improves rapid aimed fire may be because the rib helps the shooter to
initially aim more accurately and then the sights are used to make a finer
adjustment.

Another explanation may be that, even though shooters may be taught to
aim Lhe weapon, Lhey use a technique that is a combination of aiming and
pointing when they perceive a time stressor and fire quickly. Less
attention is devoted Lo the precise use of the sighis and Lhe shooter
settles for a faster, but less accurate sight picture. Under tLhese
conditions, the shooter is probably picking up cues about where the weapon
is pointed from surfaces seen peripherally (the sight rib) as well as from
kinesthetic knowledge developed through experience using the weapon. The
fact that the stLandard weapon does not poinL or aim as well as Lhe sight
cib weapon indicates thal kinesthesis alone is not enough.

When a soldier does have sufficient time to take careful aim using the
sights as a target shooter does, the sight rib should in no way detract
from hitting accuracy,




RECOMMENDATIONS

The results of Lhis test agree with results of earlier work on sight
rib equipped weapons or weapons configured with strong visual cues about
where the barrel is pointing. It would be interesting to see how effective
the vhite line on the rib is when the lighting is reduced, but we feel that
there is sufficient evidence for the adoption of a sight rib for the M16Al
rifle,

The sight rib concept as embodied in this report should be engineered
for production and subjected to further developmental and operational
.testing. |

Future rifles should be deeigned with an integral sight rib,
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. Analysis of Variance Tables

oA A

These are the variable codes to use with Tables 1 through 3.

’ " Variable Codes
a Subj Subjects
- B Batween Subjects
=3 W Within Subjects
.-,-, B Ervor

Bl Aiming Method

B2 Weapon Sequence
i Wl Weapon
. w2 Target Range
- w3 Exposure Time
o L Trials
)

Lo :-‘:33




Analyeis of Veciance of the Perceatage of Rits

TAMS |

Seuted at 1} a 14 »
Saby 3 17 38 - - -
1]} 1 bost (18]} 4.7 <08
1 1 i a9.t9 0.19 0.1 n.e.
1131 1 \ 0.3 0.3% 0.6t feb.
t(hix0d) 0 11,70 0.43 - -
vi 1 2.4) 0.4) 4.3
Vixbl 1 0.17 0.7 t.72
L1 | 0.00 0.00 9.00
Winlind \ 0.2 0.28 "

E(VixBixnbl) 0 1.9% 0.10 - -
w 1 %.0} .03 1%7.10 <0
vzl 1 0.03 0.0% 0.9 6.0,
wixa 1 0. L8]] 176 [N
nhiadl \ 0.0 0.02 0.4 [N
Wvixstadl) 20 . 0.12 - -
) B | 3.8 T b E I 0.8
viubl | 0.00 9.0 0.0
el 1 0.0¢ 0.0¢ 1,39
ixdiagg i 0.0} 0.0 0.4
H(Win0ind?) 0 0.9 0,03 - -
wi 1 o.M 0,02 0.18 a.8.
Waxll 3 a.01 7,00 0.20 Nele
L1 ? 0.8 0,00 .97 < 0%
waAxslanl 1 0.l Q.06 2.4% LI
e(Wins1xs2) L] 0.91 0.02 - -
Wis2 1 0.12 0.12 1.98 neo.
¥ia¥2a8l \ 0.02 0,03 6.26 n.e.
Viz¥ixh ] 0.0Y 0.03 0.92 n.e.
Visvis6ist} 1 0,02 0.02 0.1% n.e.
¢(WixW2a8inal) 0 1.21 0.0 - -
viny3 1 0.04 0.04 0.7 N8,
Vixvizdl 1 0.01 0.0 0.22 n.e.
Vizvintl 1 2.1¢ .19 3.78 f.0.
Visvishinld 1 0.0% 0.n% 0.4 L
S(WixIzsind2) 20 1.02 0.0% - -
vigwa 1 0.4 0,07 1447
Virvasll 2 0.0% 0.0) 0.62
vizveatd 2 0.02 0.01 n.19
Vizvendined 1 0.02 0.01 0.1
E(Vigvasbindl) 0 110 0,04 -
ixv) 1 0.00 0.00 0.04 a.0.
WirVishl 1 LR ) 0.08 1.37 "o
wiavin 82 1 0.02 0.0 n.3% e,
Wixvisbisel 1 0.00 0.00 0.04 LD
S(ViaViadishd) 0 leld 0.0 - 8.0,
vinve 1 0.0% 0.0 0.%8 N,
Visvassi 1 0.0) 0.03 0.86 n.0.
winwensl 1 .00 0.00 n.ng neds
Winwasbinel 1 0.0% 0.0} 0.9 n.e.
t(Vizwexdixl) L] 1.08 0.0} - -
Winve 1 0.01 9.00 0.13 a.0,
Winwéstl 1 0.10 0.04 1.91 n.e.
L 1 %] 1 2 0.10 0.1% 1.9% a8,
Uixvenbindl 2 0.2% 0.12 3.8 <,0%
& VInWendintd) 40 3% 0.03 - -
Yisiftaw) 1 0.0 0.01 0.20 n.e.
¥ixif2aiizo! 1 o.0 n.01 0,2¢ .0,
VisViaVinel 1 n.02 n.ng a.m a.s.
Visvisifizdich? 1 a.n0 .00 0.00 .8
L(Visv2xvishizs?) 0 0.7 0.04 - .
VinWinvé 2 0.12 0.06 1.74 .0,
Viswiswénd) 3 0.03 0.02 0,48 n.e.
} H 0.03 0.01 0.41 n.s.
2 0.06 0,03 0.0 a,.0.
0 1.4 0,03 - -
1 0.03 0.01 0.%0 n.0.
2 9.00 0.00 0.00 8,8,
202 1 0.01 0.01 0,29 a.8.
ViaVisvensisd? 1 0.19 0.07 1.9 n,.e.
C(VinVIuvanbindl) o0 0.97 0.01 - hd
VIrvizue 4 0.06 0.03 LS a8,
Vizvimvénsl 1 0.00 0.00 0.01 ned.
YixWinvdasl H 0.01 0.01 0.17 a8,
Vixinixn 81s83 1 n.0% 0.02 0.6% a.e.
S(VZaiisuéxd 1282) 0 1edd 0.04 - -
Visvia¥isé H 0.01 0.00 0.11 n.e.
VisvizViaWisii 4 0.00 0.00 0.02 n.e.
VisIxVIzanil 1 0.04 n.o3 0.64 a.e.
Jx¥iaIntidnd 18l 2 0.02 0.0 0n.3% n.e.
T(VisWisViswissinBl) &0 1.1% 0.0} - -
Totsl 79 74,36
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Anslysis of Varisnce of the H{is-ta-Shot Ratio

TABLE 2

Suutce dat 1] | ] [ 4 ’
b n FTWY ] - - -
1) [} .04 R.AL n.? Q1
| ¥ 1 N4 0,84 0.% nes.
91z082 ] .08 0.08 0.10 n.e,
weins?) 20 19.02 0.7% - -
W 1 0,72 0.72 11.0% M
vixsl 1 0.02 0.0 0.28 "o,
vixst \ 0.02 Q.02 (1273 ] el
vinkix3 \ 6.1t .11 1.88 a..,
T{(Vix81x82) o 13t q.0? - -
vt ! 14,04 14,08 144.7% 01
winsl 1 0,06 0,06 Q.60 nes.
vinid 1 0.0¢ 0.0¢ .18 [HH
uixbisil 1 0,01 0.01 0.1 Nl
e(vixsizd?) 20 1.9 09.10 - -
n 1 0.47 T0Ar T 1.9 T _ _ .
L3110 1 0.03 0.0% 0.9 a8, -
sl t a.n 0.04 1.32 L3
Vixs1is82 1 6.0) 0.0} 110 Bese
(WIxkixd?) 20 0.%4 0.1 - -
vi 2 0.0¢ 4.02 n.e.
bl ? 0.0} 0.3 fase
Ao 2 0.2 0.1 «01
wiz81x82 2 0.14 a.07 .09
T(vasBix82) 40 Q.66 0.02 - -
IR rd 1 .00 0.00 0.né
wizWlsd! 1 0.0l a.01 NN
Wixw2abl 1 0,00 0.00 0.6
Viswishish? 1 .02 9.02 0.7
L(Vinv2xBlxbl) 20 0.64 0.0} -
Wi 1 0.00 0.00 0.01
ViswWinsl 1 0.02 .02 0.1
visvizel 1 .08 0.0 3.3
visviasix? 1 6.0l 0.0l 0.¥7
B(W1xWIa81202) 20 0.48 0.2 -
vizvé 2 0.18 .09 3.2t
vizvazbl 1 0.17 0.08 3.02
«ixvésBl 14 0.02 0.01 0.8
Vizwéntindl 2 0.00 0.00 0.08
e(Visuaxsixb?) o 1.10 Q.09 -
vinv) 1 0.0% 0.ny 1.1¢
visvizel 1 0.03 0.0% 0.68
winvindl 1 0.04 0.04 a.9
WinWinSindl 1 0.00 9.00 0.00
L(W2nixeindl) 0 o.M 0.04 -
VIndé 1 0.8 0.0 1.16
VIxvagel 1 0.01 0.00 N.12
vizwéxi? 1 0.00 0,00 0.02
VIxvensingl 1 0.0} 0.91 .60
C(V2xwaxBizsd) 0 0.AA 0.01 -
Vindé 2 0.03 0.01 0.42
Wizvenhi 2 0.0é a.n 1.9
VigvisAl 1 0.02 0.0 A.)¢
WInvenBitBl 1 0.08 0.04 1.48
£(Vizvexsixsl) &0 0.92 0.02 - -
invlxvy 1 0.0l 0.02 0.7 nel. N
Wix¥2x¥IzBl t 0.01 0.0t 0.%0 (B -
Wiawlaid B2 1 nno 0,00 0,00 n.o. T
visW2xWIndlxsl [} n,00 0.00 2.4 Aol .
E(WiuwixWIixgix82} 20 0.%¢ n.n3 - - o
WisWlnke 1 n,08 9.02 0.8 -———
VizWIaWanbl 1 0.8 0.01 1.0? K
Win¥2aWan8? H o.M n.00 0,31 .
VIxWlawashind2 H 0,04 0.01 0.91 b
L(VIx2avéxBixAl) &0 0.8 0.02 - - -
WinWyavé H n.ny n.m 1.9 neme .
Winvinuessl H 0,02 0.01 0.9 .8
VinWigwand? H 0.00 0.00 n.o! n.8. h
wis¥ixuiciishl 2 0.0 0.7 4.9 .09 -
g(WixVIsWandindl) &0 n.aAY 0.1 - -
Lriiplil] 2 0,00 a.00 0.0
vixdiawasil 1 .01 A.01 n,1%
WixWInwsnd? 1 n.02 J.01 2.2
YIRW InWbESIx 2 L)) 0.0l n.2?
T(¥2x¥iziex &0 1.02 0.c3
¥ixW2nWisie 1 0.00 0.0 .0
visvigWizidendl 2 0.01 a.01 0.12
WinW2xwInwind2 2 Q.ns 0.0} .1y
Vizwls¥inwenBishl 2 a0 n.n0 .
(W 1aWad YaWas 8L eb?) 0 G481 0.0 - -
totsl 3%} $3.74

e ————— e ——
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ang 3

Ansiysis of Variance of (he Time to Pire the FiraL Bound

¥
c
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n
L3
o
-
“
-
é
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P
Sudy 3] .7
L1 1 in.28 10.28 29.87 ol
.31 1 1.n2 102 2.9% [N
Sian? 1 5,08 9.04 0.3 nes.
t(81282) 20 6.9 0.1 - -
vl l 0.01 n.01 0.27
windt 1 3.00 0.00 0.10
vixd 1 LY ] 0,03 0.1
Wixslead i 0.6 0.8 .27
2(Viabinad) 0 1,46 0.0% - -
] 1 8,19 6.19 78,13 0t
viael 1 0.16 0.18 6.9 Ny
izl 1 n.n0 0.00 0.0$ n.s.
vizdtas ) 0,01 0.01 0.3% a0, .
(Windinn?) 20 0,43 0.02 - -
- - - e - SRR - 1 L) DR N R NV
vizel i 0.00 0,00 0.3?
v \ 0.02 0.01 1.9
Vizsinel 1 a.nt 0.01 1.2%
- 2(WIxs1282) 30 d.1e 0.m . - ;
wA bd 0.n4 0.m .07 n.e. e
vaxel 2 0.5 0.0 0.17 Aot L
wina2 H 0.0 0.m 0.4% nes. T
wextius? 1 0.14 0.0 san .03 R
L(Winsix2) @ 0.48 0.2 - - R
PRI 1 .00 0. 0.44 n.e. v
Vinw2xbl 1 0.0} n.01 1.06 a0, . -
Visv2u? 1 0.0 n.04 1.01 R oo
WizW2xBizd2 [} 0.00 2.00 0.3 0400 s
e(Viaw2sdind?) 20 0.17 0.0 - - o
———
vizw) 1 9.00 0.00 0.% Nebe H
viziiell ! 0,00 0.00 0.41 a9, b
vinvind? 1 0.00 [ 0.54 a.8. ’
dinwinbindl 1 Q.00 a.n0 0.18 8.8,
£(V1xWIxBLeA2) 20 0,13 0.01 - -
2 0.02 2.01 0.9 Nk
2 0.10 0.0% 1.98 .0,
1 0.0 0.03 5.93 n.e.
[} 2 0.0 0.01 0.%0 s
T(Visinsin0?) 40 1.23 0.01 - -
w2x¥) 1 a.nt 0.01 0.l nes.
vizvissl 1 n.00 0.00 0.0e a0,
viwlas? 1 n.01 3.01 0.4 a0 .
VinvInsind? | 2.01 2.01 0,32 a.s.
e(V2eWIndindl) 20 0,24 LET - -
VIave 2 0.04 0.0 1493 6.0
Visuinsi 2 0.01 0 .00 0.)8 0.0,
Vizve 1 0,0 0.0 1.30 n.e.
viavezdixal 2 o.M 0.0 0.7 .8,
S(W2auinbiab?) L] 0.7 0.01 - -
I 2 0.4 22 .1 a.0.
[ Wixvissl ] 0.0% 0.0 1.9 n.e.
WizWexns? H 0Ny 0.0 0.74 n.e.
VIviahind? ? 0.7 0,03 0.4e N
£(VIxiubinb2) 0 0.3 0.01 - -
viawin) 1 0. 0,01 n.43 n.s.
VisWIniast 1 0.04 0.08 1.7% n.ee
VisVisWinsl 1 5.0 0.00 0.0 n,e,
iz indt 1 [ 20l 0.1 N8 LN
K(VIxW¥2aWIx0 (x8]) 10 0.20 0.0t - -
Viaviewe ? 0.0 .01 8,43
Viaulavinbl 2 001 0,00 0.3
. vis¥rvens? 2 0. 0,00 0,42
Lt T H ? n.ny 6,00 0.41
. S(VIx¥Inwdndladl) ] 9.8 o.M -
1aviave H n.08 a.02 1,768
V1adInwesh ] 2 n.n2 0.01 .01 N
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