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ABSTRACT 

One of the causes of random variation in observed element times 

in stop watch time study is timed variation. Timed variation is due 

to a host of chance happenings in observed performance. Each of these 

chance happenings is so minor by its,lf that it is accepted as normal 

and is often not even detected. These may arise from fortuitous 

variations in the methods, materials, operator perforMancee  etc. The 

objective of this thesis was to evaluate the effect, if any, on the 

timed variance of the length of an element and its complexity. 

From data obtained in a factory, the variance in the observed 

times and the average length of each element were calculated. Tables 

of secondary adjustment values were used in evaluating the complexity 

of each element. 

The single, multiple and partial correlation coefficients between 

the three variables were calculated and tested for significance. There 

was no evidence of a relationship existing between the timed variance 

and the length of the element, but the correlation between the timed 

variance and the element complexity was, statistically, highly signif-

icant. However, this significant relationship between the timed 

variance and element complexity would have to be investigated further 

before any definite statement about it could be made, since the range 

vii 

of values of element complexity applicable to the el 

 

nts used in this ftg: 

 

study, was limited. 



INTHODUCTIM 

Time study has been defined at a procedure for determining 

the amount of time required, under certain standard conditions of 

measurement, for tasks involving some human activity (1). However, 

n in the moat carefully controlled situations, completely 

standardized conditions of measurement cannot be obtained* One 

approaeh to reducing the meant of human Judgment *  and as a 

consequence the human error, in work measurement has been the 

development of synthesized time standards. These synthesized time 

standards may remove the error involved in the practice of rating, 

but their final accuracy is still a ft= tier: of th accuracy of the 

time studies used to compile them, and within every time study there 

is random variation in the e 	t time due to departures from the 

standard conditions. 

This variation may be due to chance variability or assignable 

variability, the assignable variability being caused by some 

circumstances which are noticeable*  like fumbles, change in operaterts 

method, etc. The offzets of the assignable variability can be 

eliminated from -the study before using the data for setting standards. 

The chance variability may be considered to be due to either timing 

variation or timed variation: the timing variation is a characteristic 
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of the timing device used (2), while the timed. variation has been defined 

in the following words (3)1 

Timed variation is due to a host of chance happenings in 
observed performance. Each of these chance happenings is so 
minor by itself that it is accepted 	normal and 18 often 
not even detected. These may arise from fortuitous variations 
in the methods &  materielst equip ' nt, performance, tools, 
workplace layoutt  operator actions, etc. 

This paper is an attempt to examine and evaluate statistically 

some of the factors causing this timed variation in time studies. More 

specifically, the causes of timed variation which were studied ,,zre: 

the random variations in the el nt lengths rat the random variations 

in the element complexities, 



CHAPTER IX 

LI 

In time study practice, it is usual to get a number of different 

observed times for the same element ar group of elemente. Even after 

eliminating those times which were affected by some noticeable 

occurrenoo such as change in operator pace or method, missed time, 

famble„ etc., there are still variations in the tines considered 

valid in the study. 

There are different opinions amongst various authors as to the 

procedure which should be followed to determine the 'best' tdme for 

an element from data of this nature. Lowry, Maytard and Stegenerten 

(4) advocated discarding abnormal readings, that is, "ones which are 

extremely high or low and hence easy to pick out". Another author, 

attempting to be more specific, suggests that all readings that vary 

by more than twenty-five per cent from the average reading wast be 

discarded (5). 

However, this viewpoint that unusually high or low readings 

should be eliminated from the study is not adhered to by all who write 

on the topic. Presgrave (6) says that, "any recordieL that is beyond 

the normal range cannot be ignored with safety, in spite of the common 

practice of discarding extremes". HO centimes by saying that unusually 

low timings are especially open to conjecture, since they'mey provide the 



key to the Bole study. Abruzzi (7) also suggests that it is bad 

practice to eliminate unusual element times arbitrarily* He statest 

No empirical justification exists for discarding readings 
merely because of their magnitude, especially in the 
Indiscriminate manner reocemended in so many texts, In 
fact, this is likely to degenerate into a Completely garble 
trary procedure, whose sole apparent function is to reduce 
the variability of the readings arbitrarily* The only safe 
procedure, then, is to discard a reading only when it is 
known to be biased because of some specific occurrence 
during the time study. 

MUndel (8) does not regard element times which eeem too high or 

low as abnermal. Instead, it is his qpinion that vs must invariably 

expect some variation from reading to reading for any element, even if 

the worker is not attee*ting to vary his pace. Be ouggettt that this 

variation will be caused by, among other causes, the felowingi 

Random variations in operator movement and pace. 

Random variations in the positions of the parts worked with. 

Random variations in the positions of the tools used* 

Random variations in the slight errors in watch reading* 

The variation in the errors in watch reading has been studied 

by Lazarus (9). He found that the timing variation, using the 

minute stop watch, had a standard deviation of ..pproximattly O'008 

minutes for either the =ape/back or continuous method of timing. As 

an estimate of the timed variation mead by a host of chews 

happenings in observed performance, Lehrer and Moder (10) assumed, 

as a first approach, that the timed variation is of approximately the 

same magnitude as the timing variation. This assumption was qualified 

in the following way 
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The assumption of timed variation being agnal to timed 
variation may not be absolutely correct. There is strong 
evidence to indicate that timed variation may be a function 
of the characteristics of the work being performed, the 
operator being observed, and the organization Where the work 
and observation take place. 

In summarizing the writings on the subject of variability in 

element times, it appears that the proper way to consider and allow 

for this variability has not yet been conclusively determine& To the 

writer's knowledge, no experimental work has been done as yet, with 

the object of determining and evaluating some of the causes of the 

timed variation in elemental stop watch study. 



CHAPTER III 

PROCEDURE 

Stop watch data actually being used in the setting c standards 

for wage payment were obtained from a factory. This procedure had the 

advantage that the data was obtained under actual operating conditions 

and may be considered as a representative sample of the tgpe of data 

which we could normally expect to find in practice. Neither the time 

study observer who compiled the data used, nor t Operator whose 

performance was observed, knew that the results of the time studies 

were to be subject to a statistical analysis. The element times 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 to be considered acceptable 

by the company. 

Selection of D ta.--Some restrictions were placed on the tielection of 

the data to be used. All oper tions considered were completely manual 

and an attempt was made to collect data which had all been compiled by 

the same time study man while the operationavere being performed by 

the one operater. AU the data used was collected from one factory) 

at similar job locations and under similar werking Conditions. These 

restrictions were placed in order to minimise the effects on the Observed 



elemental times. which may be due to variations resulting from different 

observers, operators and working conditions. 

The recorded, element t s were checked, and any which had been 

affected by an observed assignable cause teach as a fumble* or change in 

method, were eliminated: the remain 	times ehich had no assigned 

cause of variability were used in the statistical analysis. For each 

element, the observed ti ees were separated licoording to the rate 

factor which the time stady man had assigned to each time) that is 

all times for an eleemt tftich had a rating of, say, 110, 1  were grouped 

together and considered as a. sample of observations. The length of 

each element was taken to be the average of the time values INMAillijigo 

In order to evaluate the complexity of the elements it was 

decided to use Mundells tables of secondary adjustments (U) as a 

measure of element cemplexitee A brief extract of Mondelle 

explanation of this concept of element complexity is given below: 

Some jobs are more difficult than others, and theee 
job differences will place different limits on the pace 
possible on each job 'with a fixed rate of exertion relative 
to the maximum possible on the job, but they may be 
objectively evaluatet. The method consists of determining the 
various factors that would make for difficulty in the job, 
evaluating their effect, and expressing thi.a effect as a 
secondary adjustment or allowance, The factors affecting 
job pace are: 

1. Total amount of body involved in the element. 
2. Foot pedals used during the element. 
3. B3maeualness of the elesent, 
4. Eye-hand co-ordination required to perform 

the element. 
5. Handling or sensory requirement of the elemente 
6. Resistance that must be overcome on the element, 

that is, thrust on levers or weight lifted. 

7 



Tables of per cent adtastments for different. degrees of each of 

these factors have been prepared by Mitndel l  and a copy of these tables 

is shown in Appendix I. It was decided to xclude classification 

number six, the weight or thrust factor, from the estimation of element 

complexity, as the weight or thrust involved in the element P-*“' not 

considered to affect the timed variation in this Ca00. 

A description of the elements with 	secondary adjustment 

values is shown in Appendix II. The elements bad been timed using the 

snap-back method with 4 decimal.oinute stop watch, and these times are 

tabulated in Appendix III, Appendix III also includes a table of the 

total variance and the timed variance in the times for each element. 

8 



Z1 at w calculated 

ATA STATISTICAL TECHNIQUES US 

The total variance in the times for each ele .  144: 

from the following equations 

2 	2 	2 
CY- 
	

t  

total 
	n,1 

where • • CY-to • 	
total variation in element ti  

individual time values ,  for each element* 

n 	number of observations for each elemont* 

t 	7, 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 independents 

2 
	

2 	2 

CY' 	 C3- 	CY- 
timed 
	

total 	timing 

2 

Since the times had been obtained using a decimal-minute stop watch, 

the value for the standard deviation was taken as O*008 minutes (12)e 



that is, 

("-r.tintag s 0408 minutes 

2 
Cr timing 	0000064 

2 . 	2 
cr- times 

total 

 

O00004 
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The linear correlations between the timed variance and average 

element length„ and between the timed variance and the eilesont 

complexity were calculated and tested. The linear correlation co-, 

 eficients were calculated using the equations 

Yxe 

Zx i 2  
)21[s 

N xgy 	Ex2 7 

Z34 	x2 ) 21 

  

in which y refers to the values of the tid variance l x, refers to 

the average element lengths and x2 to the element camPle21,  val Ufa g 

N is the total number of elefw4, nts correlated. To estimate the level 

t which these coefficients were significant, the t test was used*1 

e4 4; 1Croxton, F. E., and Cowden, D. J. 
Prentice-Hall, Inc., p. 681. 



2IIoel, P. G. Introduction  to 
Sons, Inc., New Y3ik.„ pp. 0- 

John Wiley & 

The multiple correlation coefficient was calculated from the 

equation2 

 

where 

 

and Ryy  is the minor of ryy  in this determinant. 

ryy: rxix, rx2x2  so 1., while rxix2  was calculated in the same way as 

the other zero order coefficients, r 	and r 
4 	Yx2 

The partial correlation coefficient, for timed variance and average 

element length was calculated using the equation 

rvw  



where Ryx  and Rx txs ' 	I the cofactors ofwadr lx2  in the above ryxs  

12 

determinant. 

The partial correlation coefficient for timed variance and element 

complexity, ryx2,x , sus found in a similar manner. 



nt lengths when the r. 	4; 

CHAPTER V 

RESULTS OF THE Amami 

The correlation coefficients and the prObability levels at which 

they are statietically significant are listed_ below. 

Correlation Coefficient 

rPcs 

ryx2 

Y 

ryx  

Vales 

.04518 

—0075 

.0435 

.40472 

Significance Level 

0406 

0401 

04005 

0415 

04005 

where 

r 	is the zero order coefficient howig the relationship Tx+ 

bet 47:n timed variance and the variations in el 

element complexity also varies. 

2 is the zero order coefficient showing the relationship 

between timed variance and the element complexity, When the element 

lengths also vary. 



r 	is the multiple correlation coefficient enowing the y x ix2  

relationship between the timed variance and th Var•atitne in element 

lengthe and complexities acting together. 

is the partial correlation Coefficient 4:deeming the 

relationship which would exist between the timed variance and the 

elezant lengths, if the element complexities were h Id constant at 

their mean value. 

is the partial correlation coefficient Showing the ryx2,z, 
relationship which would exint between the timed variance and the 

element complexities, if the element lengthe weeheld denetant at 

their mean value. 

The significance level is the fraction of the time we could 

expect a sample, drawn from a population with zero oorrelation, to give 

a correlation coefficient as high as that actually obtained. 

From the values of r yxo , ryx2, and ry. x,x2  there seems to be a 

sienificant relationship existing betwe ni 

1. Timed variance and averere element length. 

2. Timed variance and element complexitye 

3. Timed variance and the average element length and 

complexity when these are acting jointly. 

However, the simple correlation coefficient between any two of the 

variables does not give the true relationship betzen them. A better 

estimate of the true relationship between them is the partial 

correlation coefficient, in which the third variable is held. fixed 



3$ 

at its mean value. 

The partial correlation coefficient rIxoact  has a value of 

-o.435 which is only significant at the 0.3$ level*  so this analysis 

does not prov that a definite relationship exists between the timed 

variance and the aver e length of the element. in order to test further 

the effect, if any, of the avera element length on the timed variation, 

the Lin ar correlation coefficient was calculated for tho ,  points 

which have a common value for their element coMplexItr. There are ten 

points which have a cemple71ty value of seven and the Linear correlation 

coefficient for these ten values of timed variance and rlement length 

was calculated to be -0e427. This is statistically eignificant only at 

the 0.25 level; thus again there is no evidence of any relationship 

between the timed variation and the length of the eleeent. 

The partial correlation coefficient ryx1.24  has a valu of 

..0.72 with a significance level of 0.005. This would suggest that the 

timed variance and the element complexity are interdependent. However, 

this coefficient can only be interpreted rather cautiously as a measure 

of the real tionship because of the United range of the values for 

element complexity applicable in this study. The total range of 

secondary adjustment values Which could be applied to various elements 

is 0 28, but the nature of the elements studied here only gave values 

of five, six and seven. This is meth a eeall part of the total range. 

that no general conclusion can be drawn. 



°RAPT VI 

CONVENTS AND CONCLUSIONS 

Certain limitations must be placed on 	condlusiOne drawn 

from this study, mainly because of the difficulty in collecting data 

and the type of data collected. AS.  stated e the preceduxe was to 

collect data compiled by one time study observer from mama 

operations being done by one operator. The 	of such data  

available was limited, and had been collected #ever a period of two 

years., so that the experience of the observer and operator had 

increased, with a probably increase in ability of both. This may 

have introduced extra variables of which no aedount w= taken in the 

analysis. 

Also, while using data from a factory had the advantage that 

it could be considered a representative sample of the type of data 

normally obtained under working conditions, it had the disadvantage 

that some variable factors affecting the data may not have been 

considered worthy of note by the time study observer. In other words, 

we do not know all the facts about the conditions preVailing when each 

of the studies were made. These external unrecorded Variable conditions, 

if any existed, could probably have been better controlled if the time 

studies had been performed under experimental conditions. Furthermore, 

in an experiment, more data covering a greater range of values could 
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have been compiled, resulting in a more eonolusive statistical analysis; 

there would then be difficulty though, in aecertaining the extent to 

which the results from a controlled experiment were related to the 

corresponding results that would be obtained from actual operating 

conditions.. 

To consider the type of data collected, for aeh element a 

histogram was prepared showing the distribution of the varying 

observed tines. These histograms are shown in .ga. 1, 2, 3 and 4. 

If each group of recordings had been affected by only minute random 

variations in the method, pace, etc., a normal distribution of element 

times symmetrical about the 14, an value might reasonably have been 

expected; these histograms seem to show that a degree of inconsietenty 

existed, since none of them resemble the typical normal dieltribution. 

This suggests that an undue variation in conditions was present Cr Ch 

the point of view of obtaining statistically 'stable data,, but these 

variations must have been acceptable to the company ooncerned. As 

was stated previously, the writer had no way of ...*valuating what level 

of conditions was regarded by the company as standard, Elements numbers 

three and twelve in the study particularly give histograms which suggest 

that variable conditions existed without being noted by th time study 

observer. But although theSr histograms oho* a asure of inconsistency, 

the values for these ;lements were not excluded fry the present study 

this is an analysis of typical samples of time study data acceptable 

under normal operating conditions. 

One set of values that WAS excluded from the statistical 

analysis was that of element number seven. In this case the total 
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variance was 0,00003 minutes, which is less 	i s t rJoel timing 

variance value of Os 	minutes. The reason suggested for this 

occurrence is that the average length of this element was 00-026 

mftnutes 9  which is below the receded minimum element length of 

Os% minutes measurable with a decimal minute stopwatch. Elemente 

shorter than 0'04 minutes are measurable with the decimal  minute 

stop watch only at a sacrifice of accuracy and r ability. There is 

no evidence that the timing variance value of 0.000064 minutes applies 

to such a short element, so it was decided to exclude this element 

from the statistical analysis. 

Although the element 

significant correlation with the timed vueleteme this correlati 

must be regarded cautiously bee-ate of the litited range of the values 

and also because of the technique used to m asure the c laxity of 

the elements. Mundell's seeondarlr adjustments are a measure of the 

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

adjustments did give a measure of the cuff= levity of an element, lgs  

work of developing these eecondary adjustments is, in likeidelts 

by no means complete (13)'. &greyer, the use of secondary 	ts 

in this study is justified by expediency, since no other techr is for 

measuring ele nt complexity exists to the knowledge of tlesrr  ter. 

This means of evaluating element complexity, crude as 

more reliable than any mental evaluation, which would b* urel 

subjective, 

The use of the modal value 	a imamate of Ole e element 

length may be a better estimate than the arithmetical average element 



length in the case of ale 

 

nte which have isolated valu s or a wide 
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range of values, for example, element number three; but figs. 2, 4 and 

5 show that there would have been difficulty in selecting the modal 

values for elements numbered fOur, five, thirteen and fifteen. To 

achieve consistency in method, the arithnetical average element length 

was used in all cases as a measure Of the true Ilement length* 

The calculation of a linear correlation coefficient is based on 

the "method of least squares", whit% gives undue weight to isolated 

values. Fig. 6 dhows that ele ,ent number fifteen, with an average 

length of 041313 minutes is One such iedlatedvaltme To ccunteraet 

the excess effect of this one point, eons eUmettbs mould be reqeired 

which have an average length in the range 045 minutee to 0.40 minutes; 

but data of this nature WAS not available under the other limitations 

placed on the type of data used. 

One other factor which was not taken into consideration is the 

possibility of the elements in a cycle of operations not being 

independent. Since the assumption in this study was that the element 

times were independent of the other elements in the etude, there may 

have been an effect of unknownmageiture introduced into the data. 

This may account for part of the timed, variation. 

With reference to the tentative eesumption of Lehrer and cder, 

previously mentioned in Chapter II, that the timed variation has a 

standard deviation of approximately 0.0(8 minutes, the timed variations 

of the elements in this study are much greater. The following table 

shows the range of values of the standard deviations of the timed 

variations in this study. 



Timed Variation 	Variance 
	 Standard Deviation 

Lowest value. 	 0400144 
	

0.012 

Highest value 	 04001161 
	

0.034 

Average value 	 0.000527 
	

04 -023 

This table indicates that an sasumed standard deviation of 

0.008 minutes for the timed variance would have been too low for the 

elements in this study. Hence the curves developed by Lehrer and oder 

giving an estimat- of the 	r of tiles to be observed to obtain 

accurate element time-s o  would heee given too low a value for. the number 

of cycles to be timed. These curves had 	developed on the as tion 

that the timed variation h a standard deviation of 0e008 minutee. 

In bri f summary of this analysis, it ha$ been shown that the 

timed variation for the ran and type of elements studied has standard 

deviation 'which is in excess of 0.008 minutes; no relationship could 

be shown to exist between this timed variance and the lengths of the 

elements being studied. Statisticall, a highly significant relation-

ship existed between the timed variance and the elezity of the 

elements studied. But, as stated previeuelys  when attempting to inter-

pret this relationship, some highly restrictive reservations must be 

remembered. 



CHAPTER VII 

RECOMMENDATIONS 

In this Study, the standard devi:tion of the timed 

variation in the observed elemnt times vaiied from 0.012 

to 0,034 vinutes. Since the timing variation has a 

typical stan,iard deviation estimated at only 0.008 minutes 

It would appear that in order to more fully understand 

the natu7e of variation in time study data, research 

should be concentrated on the timed variation rather 

than or the timing variation* 

One of the results of this maalysis wasp that as 

the complexity of the element increasesp the timed variation 

decreases Li order to investigate this rather unexpected 

result, perhaps same controlled experiments should be 

conducted, A controlled exprtment may show that the 

Lezativc correlation between the timed variation and the 

complexity of the elements in this study was due to the 

effect of some variable condition which was unrecorded 

when the ,Ota was collected. 
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Table 1. un l's Beeondary Pidsostmonts or Tim Oodles 

Category No. 	Description Condition Per 'Cent 
Adjustment 

1 Amount of 
body used 

Fingers used. 
Wrist and 
fingers. 
Elbow, wrist 
and fingers. 
Arm, etc., 
Trunk, etc. 

0 

1 

2 
5 
8 

2 Foot pedals No pedals or one 
pedal with fulcrum, 
under foot. 
Pedals or pedals 
with fulerum 
outside foot. 

0 

5 

3 Bimanua1nese Hands help each 
other. 0 ' 
Hands work 
simultaneously. 10 

Eye-hand Rough work. 0 
coordination Moderate vision* 2 

Constant but not 
close 14 
Fairly'close 7 
Within 1/614" 10 



Table 1. Aundel's Secondary Adjustments for Time Studies (Contt) 

Category NQ. 	Description Oondition Per Cent 
Adjustment 

As. 

  

   

5 Handling 
Requirements, 

Can be handled 
roughly. 	 0 
Only gross 
control. 
Must be controlled 
but may be squeezed. 2 
Handle carefully. 	3 
Fragile. 	 5 
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ELEEENTARY DESCRIPTIONS AND SECONDA Y ADJ 	T VALUES 

The general description of the operations from which the 

elements Were taken is: 

Bundles; of shirt parts Buell,  as collars, cuffs and gussets, 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. 

Element No. 1.  Position 6 tapes on table. 

Lett Hand 	 1.044t 44414 	 Sec.  

Hold tapes and 	Grasp end of one tape. 
assist right hand. 

Spread tape on table. 	5 

Release tape. 

Repeat six times. 

Next, the bundles of collars were picked up from the storage bench, 

positioned on the tapes and the tapes tied round eaeh bundle. The 

times for these were considered to be unsuitable for this analysis due 

to wide variability in the rating factors used. 

Element  Ho, 2.  Aside bundle of collars.. 

Left Hand 	 Right sand 	 See. Adj. 

Grasp bundle. 

Carry to stack. 	Sans as left hand. 	6 

Drop bundle on stack.. 
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Element No. 3. Position 2 tapes on bench. 

Left Hand 	 RtAht, O*44 	 404. A 

Holding tpes. 	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 )19., i. Get bundles of poonets and place on tapes. 

10ePt . 4044 	 14gt*11,4, 	 644. 44a, 

Pick up bundle of 
120 dozen pockets. 

Place on tapes. 	Sans as left hand. 	7 

Adjust position on 
tapes. 

Tie first tape. 

Left Hand 	 Right Hand  

Grasp tape end. 

Lead end around bundle Sane as Left Hand. 
to top of bundle. 

Tie knot while 
pressing down on 
bundle. 

Element NO. 6.  Tie second tape. 

Same as Element No. 5. 

600. Adj. 

7 



_ELOEIntN_21. Aside bundle- of pookOte. 

Same as Llement No. 2. 
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newt No* 8, Position 2 tapes on bench. 

Left Hand 	 RAO ge44 

Holding tapes. 	Grasp end of I tape. 

Assist right hand. 	Spread tape on teas* 

Release tape. 

Repeat with second 
tape, placing it 
alongside the first. 

Sec* A. 

5 

 

t Na. 9. Get bundles of gussets. and p.ace on tapes. 

Sams as Element No. 4. 

ElcaPnt No. 10.  Tie first tape around bundle of gussets. 

Sage as Element No. 5. 

Element No. 11. Tie second tape. 

Same as Element NO, 5* 

Moment o. 12. Aside bundles of gussets. 

Sams as Element No. 2. 



Element No.  13. Tie bundles of shirt fronts and slide aside. 

Left Hand 	not Hand 	 Q. Adi.  

Grasp tape end. 	Same as left hand 

Lead end around 
bundle to top of 
bundle. 7 

Ti knot while 
pressing down on 
bundle. 

Push bundle to 
stack on left. 

BlOWt N9, 14.  Tie bundles of cuffs. 

Sans as element No. 5. 

4e024 Nc, 15.  Tie bundle of collars and turn over. 

Left Hand 

Grasp tape end. 

Lead end around 
bundle to top of 
bundle. 

Tie knot. 

Rig* Nand 	 Sec. Adj. 

Same as left hand. 

7 

Turn bundle over 180°. Assist left hand. 

28 
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Table 2, Observed Times in Decimal Minutes :sr S: 

Nurber 10  Rated at 110. 

Time 

.13 	.12 
	

37 

	

.15 	.15 	48 	41 

	

,11 	.20 	.15 
	

1.6 

	

.16 	 .11t 

29 



Table 3. Observed Times. in Decimal Minutes for Element 

Number 24, Rated at 110 

Times 

.19 .19 .21 .21 

.17 .21 .17 .19 

.17 .17 .17 .20 

.17 .2 .16 .19 

.18 .23 .23 

30 



Table 4. Observed Times in Decimal Kinutes for EY ,44,, st 

Number 3$  Rated at 110 

Times 

.08 .06 .06 

.11 .10 .09 140 

.08 .09 .09 '15 

.09 .09 .08 •09 

.13 .13 .13 .14 

.09 .09 

31 



Table 5. Observed Times in Decimal Minutes fer EleSsnt 

Number 4, Rated at 110 

Times 

.15 .17  

.17 .11 .16 014 

.16 .15 .35 .17 

.15 .16 .17 .17 

.18 .18 .20 .16 

.19 .18 

-32 



Table 6. Observed Times in Decimal Minutes ter Alenent 

Number 5, Rated at 120 

Tigite$ 

.16 .13 .13 .10 

.17 .17 .11 .09 

.15 *11 .15 .25 

.12 .12 .13 

33 



314. 

Table 7. Observed nukes Deeima bin. Pa" 	At 

Number dated at 110 

Tlmee 

.12 •09 .15 

.11 .12 .10 

.15 .14 .10 .13 

.12 .12 .18 .13 

.12 .13 .10 



Table 8, Observed Tloses in Decimal. 

Numbw 

 

7, Rated at U 

uteB far 11: , ' 

35 

Tivaa 

.03 .02 *03 .02 

.03 .03 .02 .02 

.02 .02 .02 .02 

.02 .02 .03 .03 

.03 .03 .03 .04 

.02 .03 .02 .03 



Table 9. Obeerveel Times in Decimal Minutes for tlesiont 
Number Rated at 110 

Times 

36 

.09 	.08 
	 .08 

.07 	.10 	.15 
	

.07 

.09 	.10 	.10 	.14 

. 07 	.10 	.16 
	

.09 

.07 	.09 	.10 	.10 

. 09 	 an 
	

.12 	.09 

.08 	.10 	.10 	.10 

.12 	.10 	.12 	.13 

.11 	 .07 	.09 	.17 

014 	 .10 	.09 	.13 

.07 	.08 	.06 	.12 

.08 	.10 	.11 	. 09 

.11 	 .09 	.10 	.08 

.09 



Table 10. Observed 'amps  in Decimal Minutes tor Moment 

Number 9, Rated at 120 

Times 

•29 . *27 ,  

• 26 .25 .27 .29 

.27 .28 .29 .28 

.27 .30 

37 
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TAU 11. Observed /limo in DeeimAl  

r 10i Rated at 110 

Times 

.16 .19 .19 .2a .17 

.19 .19 .  .15 .15  

.21 .18 .17 .19 .20 .16 

.21 .18 .17 .20 .22 .18 

.20 .18 .18 .15 .15 .19 

.17 .17 .16 .20 .21 .15 

.21 .18 .17 .16 .17 .24 

.18 .22 .18 49 .17 .18 

.19 .20 .15 .19 .19 



Table 12. Observed Times in Decimal Minutes ter Element 

Number U, Rated, at 110 

Times 

.18 	.18 	43 	.19 	16 	.27 

.12 	*21 	.14 	.16 	0.7 	.13 

as 	az 	as 	46 	43 	13 

.11 	as 	41 	43 	as 	34 

46 	.12 

39 



Table 13. Observed Times in Decimal Minutes- for Element 

Number 121  Rated at 110 

TitIlea 

.05 .05 .05 .04 .o4 .o4 

.16 .08 .03 .06 .o6 .03 

.10 .04 •04 •04 .a4 .05 

.05 •o4 .04 .05 .06 .03 

.o4 .07 .05 .oh .05 .08 

.05 .05 •o6 48 ,03 .04 

.05 .04 .03 .15 .o4 ,o4 

.05 .04 ,o4 .04 .04 .05 

.06 .03 .04 •o4 44 .05 

.05 .03 .03 .03 .04 .04 

.05 .04 .04 .05  

.03 .03 

40 
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Table 1 	Observed Times in Decimal anutes ion Element 

Number 13 Rated at 12$ 

Times 

	

.21 	.20 	.24 

	

.20 	.19 	.19 	.22 	418 



Table 15. Observed Times in Decimal Minutes for tie 

Number 140  Rated at 90 

Time 

.22 .2  

.23 .24 .23 .24 .2k 

.24 .2k .27 .24 .26 

.26 .26 .25 .27 .28 

.28 .27 .29 .27 

Ia 



Table 16. Observed Times. in Deana Minutes for Moment 

Number 1$,.  Rated at 130.  

Time 

.10 .42 •47 .43 *43 

.141 .44 .44 .42 .43 

.45 .44 .4g .43 .44 

*44 .43 .43 .42 *4? 

.40 *45 *IA *43 

43 



Table 17. Timed Variance in Minutes,. Length in Deoimal 

Minutes, and Complexity Value for Seth Element 

Element 
Number 

Timed Variance Average Element 
Length, xi 

Complexity 

x2 

1 0.00062 0.1564 5 

2 0.000568 0.1926 6 

3 0.000985 0.1027 5 

4 0.000314 0.1618 7 

5 0.000463 0.1275 7 

6 0.000376 0.1227 7 

7 Unknown 0.026 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 

14 0.000253 0.2529 7 

15 0.000252 0.1431,3 

44 
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Figure 1. 	Distributions of Observed 

Element Times. 
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Figure 2. 	Distributions of Observed 

Element Times. 
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