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One of the causez of random variation in observed element times
in stop wabtch time study is timed variation. Timed variation is due
te a host of chance happenings in observed performance. ZXach of these
chance happenings 1s so minor by lteself that it is aceepted ss normal
and is often not even detected. These may arise from fortultous
varistions in the methods, materials, operstor performeance, ete. The
ohjective of this thesls wes to evaluate the effect, if any, on the
timed variance of the length of an element and its complexity.

FProm data obtained in a factory, the variance in the observed
times and the averape length of ezach element were caleulated. Tables
of secondary adjustiment values were used in evaluating the complexity
of each element.

The single, multiple and partial correlation coefficients between
the three variables wers calculated and tested for significance. Thers
was no evidence of a relationship existing betwsen the Uimed variance
and the length of the element,; bub the correlation between the timed
variance and the element complexity was, statisticelly, highly signif-
icant. However, this significant relationship between the timed
variance angd element complexity would have to be investigated further
tefore any definite statemeni about it could be made, since the rangs
of values of slement complexity applicable to the elements used in this

gtudy, was limited.



CHAPTER I

INTRODUGTI OB

Time study has been defined as a procedurs for determining
the amount of time required, under certain standsrd econditions of
measurement, for taske involving scme human activity (1). However,
even in the most carefully controlled situations, completely
standardized conditions of measurement cannct be obtained. One
approach to reducing the ameunt of human judgment, and as a
consequenge the human error, in work measursment has bsen the
development of synthesiged time standards, These synthesized time
standards may rsmove the error invelved in the praciice of rating,
but their final accuracy is still a functicn of the accuracy of the
time studies used to compile them, and within every time study there
is random variation in the element times due to departures from the
standard conditions.

This variation may be dus to chance variability or assignable
variability, the assignable variability being caused by some
clreumstances which are noticeable, like fumbles, chasnge in operator's
method, ete. The effects of the assignsble variabllity can be
eliminated from -the study before using the data for settiag standards,
The chance variability may be congidered to be due to elther timing

variation or timed variation: the timing variation is & charscteristic



of the timing device used (2), while the timed variation has been defined
in the fellowing words (3):

Timed variation is due to a host of chanee happenings in
observed performance, Bach of these chancs happenings is so
minor by itself that it is accepled as normal and is often
not even detected. These may arise from fortuitous variations
in the methods, materials, equipment, performance, tools,
workplace layout, operater sctions, ete.

This paper is an attempt to examine and evaluate etatisticaelly
some of the faotors causing this timed variation in time studies, More
specifically, the causes of timed varistion which were studied were:
the random variations in the element lengths and the random variations

in the element complemities,



CHAPTER II

LITERATURE SURVEY

poy of differeant

In time study practice, it is usual to get 4 num
observed times for the same element or group of elemenbs: BEven after
gliminating those times which were affected by some noticeable
occurrence such as change in operator pace or methed, missed time,
fumble, etc., there are still varistions in the times conmsidered
valid in the study.

There are different opinions smonget varieus authory as to the
procedure which should be followsd to determine the Ybeat' time for
an alement from data of this nature. Lowry, May

ard and Stegemerten
(L) advocated discarding abnormal readings, that is, Yenes which are
extremely high or low and hence easy 3o pieck ocut", Another author,

attempting to be more specific, suggests that all readi

ngs that vary
by mere than twenty-five per ecent from the average reading must be
discarded (5).

However, this viewpoind that umasually high or low readings
gshould be eliminated from the study is not adhered to by all who write
on the topic. Presgrave (6) says that, “any recording that is beyond
the normal range cannot be ignored with safety; in spite of the commen
practice of discarding extremes®. He continues by saying that vausually

low timings are especially oper to conjecture, since %h@y;ﬁay provide the



key to the waole study. Abruzei (7) also suggests that it is vad
practice to eliminate unmusuel element times arbitrarily. He statess

Ho empirical justification exists for dieecarding readings
merely because of thedir magnitude, especially in the
indiscriminate manner recommended in so many text
fact, this is likely to degenerate into a complet
trary procedure, whose sole apparent function is to reduce
the varisbility of the readings arbitwrerily., The only safe
procedure, then, is to discard a readimg only when it is
known to be biased becsuse of some speciliec cocurrence
during thes time study.

Mandel (8) does not regard clement times which seem too high or
low a¢ sbnormal. Instead, it is his opinion ithat wo must invarisbly
expect scme variation from reagding to reading for any olemend, even if
the worker is nmot sttempting to vary his pace, He auggwt:é that this
variation will be caused by, among other causes, the following:

Random variations in operator movemend and pace.

Random variations in the pesitions of the parts worked with,

Random variations in the positions of the teols used,

Random variations in the slight errers in walch reading,

The variation in the errors in watch resding has been studied
hy Lazarus (9)., He found that the timing variation using the decimale
minute stop watch, had a standard deviation of spproximately 0-008
minubes for either the snap-back or contimucus methed of timing. As
an eatimate of the timed variation ecagused by a host of change
heppenings in observed performance, Lehrer and Moder (10) aseumed,
as a {irst approach, thet the timed variation is of approximately the
same magnitude as the timing variation. This assumption was qualified
in the following ways



The assumption ef timed variation being egual bto timed
variation may not be absolutely correct. There is sireng
pvidence to indicate that timed varistion may be a function
of the characteristics of the work being performed, the

operator being cobserved, and the organiszation where the work
and observation take place.

In sumarizing the writings on the subject of varisbility in
alement times, it appears that the proper way to consider and allow
for this variability has not yet been conclusively determined. To the
writer's knowledge, no experimental work has been done as yet, with
the object of destermining and evaluating some

of the censes of the
timed variation in elemental stop wateh study.



CHAPTER III

PROCEDURE

Stop watch data actually being used in the setting of stendards
for wage payment were cbtained from a factory. This procedure had the
advantage that the dats was obtained under actual eperating conditions
and may be econsidered as & representative sample of the type of data
which we could normally expect to find in practice, HNeither the time
study observer who compiled the data used, nor the epersber vhose
perfornance was cbserved, knew that the resulte of the time stmdies
were to be subject to & statisticel analysis. The element timee used
in this study were acceptable to the company concerned as a basis for
their standards. The writer could not determine what level of
requirements the time studies had to meet 4o be considered scceptable

by the company,.

Selection of Data.--Some restrictions were placed on the selection of

the data %o be used, All operations considered were completely menual
and an attempt was made to collect data which had all been compiled hy
the same time study man whils the operations were being performed by
the one operatar. All the dats used was eollscted from one factory,
at similar job losations and under esimilar working conditions. Those

restrictions were placed in arder to minimive the effects on the observed



elemental times which may be due to variations resulting from different
observers, operators and working conditions.

The recorded element times were checked, and any which had been
affected by an cbserved assignable csuse such a8 a fumble; or change in
method, were eliminasted: the remaining times which had no assigned
gause of variability were used in the statistiocal analysis. For each

element, the observed times wore separated acgording

factor which the time study man had assigned to each timey that is,
all times for an element which had a rating of, say, 110, were grouped
together and considered as & sample of cbservations. The length of
each eloment was taken to be the average of the time values remaining,
In crder to evaluate the complexity of the elemsnte it was
decided to use Mundel's tsbles of secondary sdjustments (11) as a
measure of element complexity. A brief extract of Mundel'ls
explanation of this concept of element complexity is given belomn

Some jobs are more difficult tham others, and these
job differences will place different limite on the pate
possible on each job with & fixed rate of exsriicn relstive
to the maximum possible on the job, but they may be
objectively evaluated. The method coneists of determining the
variocus factors that would make for difficulty in the job,
evaluating their effect, and expressing this effect as a
secondary adjustment or allowanece. The factors affecting
job nace ars:
1. Total amount of body involved in the element,
2. Foot pedals used during the element,
3. Bimanualness of the element,
4, Eye-hand ce-ordination reguired to perform
the elemend,
5. Handling or sensory requirement of ths elsment.
6. Resistance that must be overcome on the element,
that is, thrust on levers or weight lifted.



Tables of per cent adjustments for different degress of sach of
these factors have besen prepsred by Mundsl, and a copy of thess lables
is shown in fAppendix I, It was decided to exclude classification
mmber six, the weight or thrust factor, from the estimation of element
complexity, as the weight or thrust invelved in the element was not
considered to affeet the timed variation in this gase.

A description of the elements with their secondevry adjustiment
values is shown in Appendix IT. The elementa had been timed using the
snap-back method with & decimal-minute stop wateh, and these timeg ave
tabulated in Appendix IIl, Appendix IIT also includes a table of the

total varisnce and the timed variance in the times for sach elemenb,



CHAPTER IV

STATISTICAL TECHNIQUES USED IN ANALYZING THE DATA

The total variance in the times for each element was calculated
from the following equations

2 2 -2
g = b - ,n(ﬁ)
total n-1
where Gi bal = total variation in slement ¢imes.
o

% = individual time values for each elemand,
n - ar of cbservations for each elsment.
3 = average time for each element,

Then the total variance is the sum of the timing variance and the timed

variance, assuming that these two are independent.

2 2 2
o - o .
timed total timing

3ince the times had been oblained using a decimal-minute stop watch,

the value for the standard deviation was taken as 0<008 minutes (12),




that is,

Ceiming & 04008 minutes

2

cyg times » Q-?

total

0*000064

Rsind

The linesr correlations between the timed ward:

ge and average
element length, and between the timed varisnce and the element
complexity were caleulated and tested, The limsar correlstion co-
efficients were calculated using the equations
B Zm' - Z"-l Z ¥y
{u Jxl2 (Y x..)a] [ﬂ-Z ¥z m]
B %y~ S5 7
\N 2% - iwﬂ hiyﬁ - (Zmﬂ

(Yxa

in which y refers to the values of the timed wvariance, x, refers to
the average element lengths and xg to the element complexily valuss,
H is the total number of elements correlated. To estimate the level

at vhich these eccefficients were significant, the © test was uaad_.l

lt}x'@xt@n, F. E.; and Cowden, D, J,

: plied General Statistics
Prentice-Hall, Inc., p. 681, o




The multiple correlation coefficient was caleulated from the

2
B
r_o ; R
Yaﬁ,ﬂiz = aﬁ

where ryy ryx' yx?

squatlon

R = Txiy  Tmex, Txexg

r r

r"zﬁf Rty  Xgky

and Hyy is the minor of Pyy in this determinant.

Pyy= Tg.x, = rxgxz = 1, while Troxn, WS calculated in the same way as

the other zero order ¢oefficlentis, Ty, and .. o

X2

The partial corrslation coefficient for timed variance and average

element lengbth was caloculated using the equation

By,
/Py R,

ryxluxa % -

%Hosl, P. G, Introduction to Mathematieal Statistics, John Wiley &
Song, Inc., New Yorke, ppe 110-120,




i2
where Ryx, and Rx,x. ars the cofactors of Py, and Py x5 in the above
determinant.

The partial correlation coefficient for timed variance and element

complexity, Tyxgp.x, ¥a8 found in a similer manner.



CHAPTER ¥

KESULTS OF THE AMALYSIS

The correlation coefficlenta and the probability levels at which
they are statistically significant are listed below.

Gerrelation Coefficient Valuse 8ignificance Lavel

Tux, ~0+518 0+06
Tyx «0+75 0s01
ry'xuxg «0+ B0l 0005
YR, oy ~0+4435 015
ryx'.xz -0+ 72 0+003

whars s

Tuox, is the serc order coefficient showing the relationship
between timed variance and the variations in elemant lengths, when the
element complexity also varies,

gyxa ie the zerc order coefflcient showing the relationship
betwesn limed variance and the elsment complexity, when the element

lengthe also vary,



ry‘x,xg iz the multiple correlation coefficlent showing the
relationship between the timed variance and the variations in element
lengths and complexities acling together,

is the partial correlation eoefficient showi

rﬁa-ﬁg g the
relationship which would exist between the timed variance and the
glement lengthe, 1f the element complexities were held constant st
their mean valus.

'ryxzo z, is the partial correlation covefficlent showing the
relationship which would exlst between the timed variancs and the
elementy complexities, if the element langths wére held cinstant at
their mean value.

The significance lsvel is the fraction of the time we could
sxpect a sample, drawn from a population with zerc correlation, to give
u correlation coeflicient as high as that actually obtained.

From the values eof Ty ryxa, and ryax*xz there seems to be a
significant relationship existing betweens

1. Tined variance and average element length,

2. Timed variance and element complexity.

3. Timed variance and the averags slement length and

complexity when these are amcting jJeintly.
However, the slmple correlation coefficient betwsen any two of the
variables does not give the true relationship betwsen them. A4 better
estimate of the true relationship between them is the partial

correlation cosfficlent, in which the third variable is held fixed



ab ile mean valude.

The partial correlation cosfficient Pﬂuﬁﬂg has a value of
~0* 135 which is only significant at the 0+15 level, so this analysis
doeas not prove that a definite relationship exisis between the timed
variance and the average length of the element, In order tv test further
the effect, if any, of the average element lengith on the timed variation,
the linear correlation coefficient was caleulated for those points
which have a common value for their element compleéxity. There are ven
points which have a complexity value of seven and the linear correlation
eoefficient for these ten values of timed variance end elsment length
was calculated %o be -0+427. This is statistically significent only at
the 0425 level; thus again there is no evidence of any relationship
vetween the timed variation end the length of the elsmend.

The partial correlation ¢cefficlent *’mw#z has a value of
=0+ 72 with a significance level of 0+005. This would suggest that the
timed variance and the elenment complexity are interdependent. However,
this coefficient can only be interpreted rather ceautiously as a measurs
of the relationship because of the limited renge of the walues for
element complexity applicable in this study. The total range of .
secondary adjustment values which eould be applied te varlous elemente
is 0 - 28, but the naturs of the elemente studied here only gave values
of five, six and seven. This is sach a small part of the total range

that no general conclusion can be drawm.



CHAPTER VI

MMENTS AND GONCLUSIONS

Certain limitations must be placed on sny conclusions drgmm
from this study, mainly because of the difficulty in eollecting data
and the type of data collscted. As stated, the procedurs was to
collect data compilsd by one time study obsérver from manual
operations being done by ong operabtor. The amount of such data
avallsble was limited, end had been collected over a perdod of two
years, so that the experience of the observer and operabtor had
increased, with a probably increase in ability of both. This may
have introduced extra varisbles of which no sctount was taken in the
analysis.

Also, while using data from a factory had the advsntage that
it could be considered a representative sample of the type of data
norpally cbbained under working cétizms, it had the disadvantage
that some variabls factors affecting the data may nobt have basen

considered worthy of note by the time study obs

erver, In other words,
we do not know all the faets about the conditions prévailing when each
of the studies were made. These external unrecorded varisble conditions,
if any existed, could probably have been betier conbrolled if ths tims
studies had been performed under experimentsl conditions. Furthermore,

in an experiment, more data covering & greater rangs of values could
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have been compiled, resulting in & more conclusive statisticsl analysis
there would then be difficulty though, in ascertaining the extent to

which the results from a condrolled expoeriment were related to the

corregponding results that would be obtained from sptual operating
conditions.

To consider the type of data collected, for each element a
histogram was prepared showing the distribution of the varying

observed times. These histograss are shown in Pigs, 1, 2, 3 and k4
If each group of rescordings had been affected by only minute rendon
variations in the methed; pace, etc., & normal distribution of element
times symmetrical about the mean value might resasonably have been
expected; these histograms seem to show that a degree of inconslstency
sxisted, since none of them resemble the typicel normel distribubioen,
This suggests that an undue variation in conditiens was present from
the point of view of obtaining gtatistically stauble data, but these
variations must have been asceeptable to the company concerned., As
was stated previously, the writer had no way of evaluating what level
of conditions was regardsd by the company as standard, Elements numbers
three and twelve in the study particularly give histograms which suggest
thalt variable conditions existed without being noted by the time study
ebserver. 3ubt although these histograms show a maaanm of inconsistency,
the valueg for these elements weye not excluded from the present study
as thie 1s an analysls of typical samples of time study datae acceptable
under normal operating conditions,

(ne set of values that was excluded fiom the statistical

analysis was that of element mumber seven. In this case the total
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variance was 0+00003 minutes; which is less ¥

an the typical timing

variance vslue of 0-00006h minutes. The reason suggested for this
occurrence is that the average length of this element was 0+026
minubtes, whieh is below the recommended minimum element length of

0«0l minutes measuradbls with a decimal

minube stop watch., Elements
shorter than 0+0h minutes are measurable with the decimel minute
stop wateh only at a saecrifice of accuracy and relisbility. There is

no evidence that the timing veriance value of 0«00006k4 minutes applies
to such a short element, so it was decided to exclude this slement
from the statistical snalysis.

Although the element ity seamed to hdave a highly

significant correlation with the timed varlance, this corrglation

must be regarded cantiocusly because ¢f the 1imited range of the values
and alse because of the technique used to measuve the complexity of

the elements. Mundel's secondary adjustments are a measure of the

difficulty of an element, not its complexity; even if the secondary

adjustments did give a measure of the complexity of an elemend, -
work of developing these secondary adjustiments is, in Hundelts
by no means complete (13)', However, the use of secondary &
in this study is jJustifled by expediency, since no other te
measuring element complexity exists to the knowledge of thed
This means of evaluating elsment complexily, ecrude as it
more reliable than any mentel evaluation, which would e

gubjectiva,

The use of the modal value &g & wmeasure of tHe

length may be a better estimate than the arithmeticsl average element
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length in the case of slements whioch have isolated values or & wide
range of values, for example, element number three; but figs. 2, b and
5 show that thers would have been difficulty in selecting the modal
values for elements numbered four, five, thirteen and fifteen. To
achieve consistency in mathod, the arithmetical average slement length
was used in all cases as a measure of the true element length.

The caleulation of a linear correlation coefficient is based on
the "method of least squares”, which gives undue weight to isclated

values. Fig. 6 shows that element nunbsr £l

‘teen, with sn gverage
length of 0¢4313 minutes is cne such igolated values To countersct
the excsss effect of this ons point, soms elemenbta would be required
which have an average length in the range O+25 minutes to O-LO mimubtes;
but data of this nature was not wailabla under the other limitations
placed on the type of daba used.

Une other fastor which was not taken into conglderation is the
possibility of the @lsm@nﬁg in a c¢ycle of operabions net being
independent. Since the assumption in this study was that the element
tinss were independent of the other elaments in the study, there may
have been an effect of unknown magniture introduced indo the data,
This may aecount for part of the timed vardation,

With reference to the tentative assumption of Lehrer and Moder,
previously mentioned in Chapter II, that the timed variation has a
stendard deviation of approximately 0008 minutes, the timed variations
ef the elemente in this study are much greater. The following table
gshows the range of values of the standard deviations of the timed

variationg in this study.



Timed Varistion Varianee HBbandard Deviation

Lowest value 0+00014L 0012
Highest value 0001161 0034
Average value 0000527 0:023

This table indicates that an assumed standard deviation of
0¢008 minutes for the timed variance would have bean too low for the
elements in this study. Hence the curves developed by Lehrer and Moder
giving an estimate of the numbsr of cycles te be observed te obtain
accurate slement times, would have given too low a value for the number
of cycles to be timed, These curves had been developed on the assumplion
that the timed variabtion had a standard daviation of 0+008 minutes.

In brief summary of this analysis, it has been show
timed variation for the range and type of slements studied has a sbandard

1 that the

deviation which is in excess of 0-008 minutes; no relationship could
be shown to exist between this timed wariance and the lengthe of the

glements being studied., Statistically, a highly significant relation-

ship existed between the timed variance and the complexity of the
elenente studied. But, as stated previously, when attempting to inter-
pret this relationship, some highly restrictive reservaticns pust be

remembered, P



CHAPTER VII
RECOMMENDATIONS

In this tudy, the stendard deviation of the timed
varfation ir the observed element times var ied fram 0,012
to 0,034 minutes. Since the timing variation has a
typical standerd deviation estimated at only 04008 minutes,
it would appesr that in order to more fully understand
the nature of varistion in time study data, resesych
should be coneentrated on the btimed wariation rather
than on the tiwing variatione

One of the vesulbs of this enelysis was, that as
the complexity of the element increasses, the timed wvariastion
decreasssg, [n order to Investisgete this rather unexpected
regult, vernaps some controlled experiments should be
conducbed, A& controlled expsriment mey show that the
negzative rnorrelsiion between the timed variastion and the
complexity of the elements in this study was dus to the
effect of some wvariasble condition which was uwnrecorded

when the . ata wag colleched,
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Table 1. lundsl's Secondary hdjustuente for Tize Srudies

ezory No. ywription gondition Per Cent
Category Mo Descrip A yustment

1 Amount of Fingers used.
body used Wrist and
fingers.
Elbow, wrist
and ;,Eiﬁ-.ﬁgsr-ﬁ.
Arm, etc,,
Tm, abo.

B\ O

2 Foot pedals Ho pedals or one
pedal with fulerum
under foot. 0
Psdals or pedals
with fulecrum
oubside foob. 5

3 Bimanualness Hands help each
other, O
Hands work
simultaneously, 10

N Eye-hand Rough work.
coordination ¥oderate vision,
Constant but not
¢cloge
Pairly close
Within 1/64"

e
O O



Table 1,

lundel's Secondary Adjustments for Time Studies (Contt)

2k

Categary lo.

Description Gondition Per Cent
Adjustuent

v

Handling Gan be handled
Requirements, roughly.
Only gross
conbrol.
Hust be conbrolled
but may be squeezed,
Fragi la.
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ELEMENTARY DESCRIPTIONS AND SECOMPARY ADJUSTMENT VALUES

The genersl description of the operations from which the
elements were taken is:

Bundles of shirt parts such as collars, cuffs and gusssts, were
picked up from a storage bench, placed on a work bench, tied into lots

of 120 dozen with tapes and then placed aside in a stack,

Blement No., l. Position 6 tapes on table.

left Hand Right Han
Hold tapes and Grasp end of one tape.

agsist right hand,
Spread tape on tabls. 5

Release lape.

Repeat six tines.

Next, the bundles of collars were picked up from the storage bench,
pesitioned on the tapes and the tapes tied round sach bundle. The
times for these wers considered to be unsuitable for this analysis due

to wide variability in the rating factors used,

Element lo. 2. Aside bundle of eollars.

Left Hand Right Hand See, Adj.
Grasp bundle.

Carry to stack. Same as left hand, 6

Drop bundle on stack.

25



Element No. 3. Position 2 tapes on banch.

Left Hand Right Hand

Holding tapes. Grasp end of 1 tape.

Assist right hand, Spread tape on table. 5
Release tape.

Repeat with second
tape, placing it
across the first.

Element No. L. Get bundles of pockets and place on tapes.

Left Hand

Adj.

Pick up bundle of
120 dozen pockebis.

Flace on tapes. Same as left hand. 7

Adjust position on
tapes,

Blement No. 5, Tie first tape.

left Hend Right Hand Sec. Adj.

Grasp tape end.

Lead end around bundles Same as Left Hand.
o tap of buﬂdl@o

Tie knot while

pressing down on
bundle.

Element No, 6. Tie second tape.

Same as Element No. 5.
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Element No. 7. Aside bundle of pockets.

Same as Element Ho. 2.

Element No. 8. Position 2 tapes on bench.

Left Hand Right Hand
Holding tapes. Grasp end of 1 tape.
Assist right hand. Spread tspe on table.
Rsleass tape. 5

Repeat with second

tape, plaeing it
alongside the first.

Blement No, 9. Get bundles of gussets and place on tapes.

Seme as Element Mo. le

Element Noe. 10. Tie first tape arcund bundle of gusssts.

Same as Blement Ho. 5.

Blement No. 1l. Tie second tape.

Same as Element No. 5.

Blement Wo, 12. Aside bundles of gussets.

Sane as Element Ho. 2.



Elemsnt No. 13.
Left Hend

Grasp tape end.

Isad end around
bundle to top of
bundle.

Tie knot while
pressing down om
bundle.

Push bundle te
sbtack on left.

Blement No, k.

Tie bundles of shirt fronts and slide aside,

Right Hand
Sape s left hand

Tie bundles of cuffs,

Same ae elsment Mo, 5.

Blement No. %é.

Laft Hand

Grasp taps end.

lead end around

bundle to top of
bundled

Tie knob,.

Turn bundle over

8086, Aﬁlx »

Tie bundlas of eollars and turn over.

180°,

Right Hand

Same as left hand.

Aszigt left hand,

5@@. &g i-.q

28
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Table 2, Obgerved Times in Decimal Minutes for Element
Number 1, Rated at 110

Tines

A3 A2 +18 «37
.15 5 18 9
11 «20 «15 <16
.16 1k



Tavls 3.

Observed Times in Deeimal Minutes for Element

Rumber 2, Rated at 110

30

Times

« 19
17
o7
<17
.18

.19
2
.27
.25
.23

.21
.17
a7
.16
.23

«21
«19
« 20
«19



Table L.

Ubserved Times in Decimel Einutes for Elehent

Humber 3, Rated at 110

31

Times

.08
.11
+08
.09
13
.09

<06
+10
09
+09
.13
09

+09
«0F
«09
+08
.13

+06
.20
s15
+09
W



Table 5.

Observed Times in Deeimal Minutes for Blément

RHumber L4, Rated at 110

Times

.17
16

.18
19

o17
11
«15
W16
.18
<18

.15
«16
.18
«17
«20

N
«17

16



Table 6.

Obmarved Times in Decimal Minutes for Element

Humbsyr 5, Rated at 120

33

.16
L7
.15
12

.13
.17
a1
12

13
Ja1
W15

1

«10
- 39
.15



Table 7.

Obgerved Times in Deoima

Hinutes for Blemend

Humber: 6, HBated at 1310

3k

Times

012
1l
A5
012
12
PR

.09
.12
o1
.12
.13
1

35
10
.10
.18
21

»13
.13
10



Observed Times in Dealmal Minutes for B

Bumber 7, Reted at 118

35

03
+03
02
02
»03
<02

»02
«03
.02
02
03
.03

.03

.02
.02
.03
.03
.62

»02
02
02
«03

+Ok



Table 9. Obssrved ‘-H;ﬁms in Decimal inutes for Blement

Number 8, Rated at 110

36

Times

.09
.07
<09
.07
207
.09
08
.12
<11
1
07
08
.11
09

08
+10
«10
« 10
0%
»1d
«10
¢
07
« 10
$08
«10

.09

.08
15
«10
16
«10
.12
30
.12
.09
.09
.06
.11
« 10

1k
.09
+ 10
.09

a3
17
.3
12
=08
+08



Table 10, Observed Times in Decimal Minubes for Element
Bumber 9, Rated ab 120

Times

.29 25 32 -
26 25 27 29
27 .25 «29 «28
.27 «30



Table 1l.

Observed T
Hudber 10; Rebed at 130

sies in Decinal Minutes for Eleuent

38

Times

<16
19
21
21
« 20
.17
.21
«18
19

+ 19
19
.18
.18
.18
«17
.18
.22
+ 20

<19
18
17
<17
«18
16
17
.18
% 1

20

.19
.20
.15
.20
.16
19
.19

o217

22

.20
.22
.15
21
a7
27
.19

«20
16
.18
19
»15
o2
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Tabls 12. Observed Times in Deoimal Mlmntes for Element
Humber 11, Rated at 110

Times

»18 .18 13 .19 16 7 )
.12 21 ol 16 <17 213

.15 a2 A8 W16 a3 13

J1 15 «13 .13 15 <3

16 (12




Tsble 13, Observed Times in Decimal Minutes for Rlemant
Humber 12, Rated at 110

Times

.05 .05 .05 Ol Ok .0k
16 .08 +03 06 .06 +03
.10 h NN .0h 0k «08
.05 Ol N <05 <03
+Oh .07 .05 oL .05 08
05 05 «06 <08 +03 Ok
.05 .04 <03 .18 Ol 0k
.05 Ol <Oy 0l +Ob .05
.06 .03 <0k Ok <Ok .05
05 .03 +03 <03 +Oh oL
05 .0l .0l +05 +03 08
.03 .03



Table Ui, Observed Times in Decimal Minutes for Bloment

Humber 13, Rated at 125

bl o

Times

.21 « 20 24 .15

a7



Humber 1k, Hated at

Timeg

.22 +25 +2h 25 «85
.23 o2 «23 o2 2k
o2 «2h 27 «2h .26
»26 26 «25 «27 «28
»28 «27 29 «27



Table 16, Observed Times in Deoimal Minutes for Element

13

Tm&

i
Lul
liS
uli
40

2
obals
ol
43
N

47
Uk
k2

i2

b3
L2

A2
43

i3
43
iy
ok



Table 17. Timed Variance in Minutes, length in De¢imal
linutes, and Complexity Valus for Zach Element

Element Timed Variance Aversge Element Complexity

Number y Length, xi Xy
1 0.00062 0. 1564 5
2 0, 000568 0.1926 6
3 0. 000985 0.1027 5
L 0,00031L 0,1618 7
5 0.000L63 0.127% 7
é 0.000376 0,1227 7
7 Unknown C.026 7
8 0.001161 0.097 6
9 0,000308 0.2729 5

10 0.000724 0.1832 7
11 0. 000144 0.1492 7
12 0. 000627 0.0488 7
13 0.000586 0,1950 7
1 0.000253 0.2529 7
15 04000252 0.4313 7
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