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I 
Introduction 

Competition, counled with high labor costs, has 

forced manufacturers more and more to examine their methods 

of nroduction in an effort to increase the operating 

efficiency of their machines, workers, and managerial 

systems. The control and detail planning for manual 

operations is by far the most difficult task that faces 

management in this examination. The usual Procedure is 

through the methods of Motion and Time Study. 

Motion and Time Study is a procedure which studies, 

simnlifies, and standardizes the methods, materials, and 

work-nlace layout, and by use of stop vrntch studies, 

establishes stA.ndard time values f'or the individual ,iobs. 

The resulting standards are used for the establ:t shment of 

wage incentives, and for the planning and control of 

-producti.on. All attempts to reduce stou watch studies 

to a science are doomed to failure, apriori, as the 

resulting times on each o:perator must be corrected. by the 

use of a leveliug factor; that is, a factor which corrects 

the pace worked bv the operator studied to a uace considered 

normal. This factor is a judgement factor made by the 

time study man in the course of the stop watch study. 

It has been established that a variation of more than 

10 ner cent may exist between leveling factors estimated 
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by experienced time study men. ( 6) {.- T'nis large variation 

has the effect of nullifying any precise measurements 

made with the sto~ watch, and it leaves the entire system 

open to criticism. 

It .has been c..rgued that a better system for establi,shing 

time standards mir,ht be by the use of classified elemental 

time values in which the job studied could be broken 

down into these elements, and a standard time value for 

the job synthesized from these elements. Many different 

Standard Time systems have been devised, mostly by individual 

companies to cover the operations within their scope. 

One such system recently presented is the procedure 

called Methods-Time Nleasurement, originated b~:1 Methods 

Engineering Council, Consulting Engineers, of Pittsburg, 

Pennsylvania. T:i.1~. s system has several advantages over 

other Standard Time Systems, in that: 

{a) It is easy to apuly, 
(b) It is annlicable to a large variety of ,iobs, and 
{c) It forces a methods-study prior to the establishment 

of the Time Standards. 

The success that Methods-Time Measurerr:ent has 0n "oyed 

in industry since its introduction in 1942 is indicatlve 

of the suneriority o.f th:'i.s system. However, several 

deficiencies in the system have been noted, and research is 

being carried on to investigate these deficiencies. 

i~ Numbers refer to references in the Bibliogra:9hy. 
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The Research GrouD of the Industrial Engineering 

Department at this Institute has been engaged in the 

investigat_ion of hand motions involving the use of the 

body, in an attempt to determine the adequacy of the 

present Methods-Time Iiiea.surement classification, and to 

determine better classifications if the nresent ones are 

found to be inadequate. These hand mot ior.s are c las ~,ified 

as Reach and Move. Reach is that motion which has as the 

main ~urpose, the transuorting of tha hand to g~in control 

of an ob,iect. Move is the motion of the hand which has 

as the ms.in 7)ur0ose, the transnortation of an object from 

one location to another. This particular investi 6ation is 

cone erned vri th Reaches and Moves involving body rot at ion 

about the hius and ankles, and body bends. An investieation 

by Mr. Alfred Shih-Ou York of the above mentioned Hesearch 

Groun has shown that the present method of classification 

of the body asi=dsted reaches and moves in the Methods-

Time Measurement system results in discrepancies bet7ieen 

the calculated times and the observed times for this 

tyne Reach and Move. Thus, it is the object of this 

j_nvestigation to attempt to analyze the effects of the 

various factors whic!1. would influence the classifications 

of these body assisted reaches and r.1.oves. 

It is hoped that this investigation may be of .'.lid in 

finding a more adequate classification. 
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II 
RSVIEW OF LITERATURE 

A review of the literature concerning motion and 

time study shows that, althou~)l much has been 9ublished, 

little of it a~olies to the µroblem investigated in this 

study. 

The main text consulted was Methods-Time Measure:rnent 

(1) by Maynard, Stege:merten and Schwab. This nublication 

is the main source of information on the Methods-Time 

Measurement system of elemental ti111e standards. The 

definition of the elements and the procedure of anal7rsis 

of films as given in Chapters 3, 4, and 5, were followed 

in this investigation. 

An investigation of the boo:i.r: shows that the authors 

considered that body rotation about the hips and ankles 

was not a me.jar element, and a tecbniq_ue was g:l. ven for 

find:i.ng the times required for reaches and moves involving 

body rotation by means of a. correction factor method. 

In Time and Motion Study and Formula for Wage 

Incentives (2) by H.B. Ma:mard, G. J. Stegemerten, and 

s. M. Lowry, the problem of senarating body rotation as 

a basic element is discussed. No suggestions as to the 

possible solution of the ~roblem were given. 

W. G. Holmes, in Ap-olied Time and Motion Study (3), 

advanced a system of elemental time stand2.rds which 
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included the body rotation about the hins e.nd ankles as 

a basic element. Times required for different angles of 

body rotation were given. 

A. s. York, in Investigation of Bodv Assisted 

Reaches and Moves, ( 4) concludes on ·<Jage 54 that the 

Method-Time Measurement technique for finding the time 

and len.,;th of a reach or move motion accompanied by body 

rotation is inconsistent and unsatisfactory. 

In a thesis to be oresented in 1952, at Virginia 

Polytechnic Institute, P. Umibe deals ',:rith a problem 

similar to the one !nvestigated herein. 
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III 
THE INVESTIGATION 

A Object 

In the performance of certain long Reaches and Moves, 

the action of the body aiding these motions introduces new 

variables which affect the time required for the motions. 

The object of this investigat:i.on is to find which variables 

are inherent in the motions and analyze them to discover 

the relative imoortance among the variables. 

The scope of the investigation is limited to the 

performance of the i'ollowing, us:l.ng one he.nd: 

1. Reaching for an ob5ect from a normal 

working level of forty inches above the 

floor to supuly height at or near the floor. 

2. Moving an object from a SU')Dly height on or 

near the floor to a normal vrnrk~.ng level of 

forty inches. 

The bod7r motions involved are Body Rotation and Bend, 

defined as (a) "Body Rotationlf--The rotation of the trunk 

of the body about the hi-:-is and ankles, with no movement of 

the feet. (b) 11Bend 11--The bowing of the body at the waist 

with the upper portion of the torso be:i.ng lovrnred to bring 

the hands 1,vithin reach of an object that cannot be obtained 

when the body is held erect. 
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B Aoparatus and Material 

The overall plan consisted of photographing vlith a 

moving uicture camera various subjects ncrforming the 

motions to be studied, and analyzing the resulting films 

to obtain time required. 

1. Setup 

The work place layout is illustrated in Figure 1. 

One table, set at a height of forty inches is used as 

the disnose table, and the material to be moved is ulaced 

on the floor as shown. 

2. Materials 

The materials used are illustrated in Figure 2. 

The number of units in the sunply stack varied with the 

different materials, 1Hhich varied the total height. 

The physical nroperties are given in Table I, Ap"".Jendix. 

3. Onerators 

T'.ne ooerators selected as sub,iects are all instructors 

in the laboratories of the Industrial Engineering Deuartmcnt 

at Virginia Polytechnic Institute. 

The data for these operators is given in Table II, 

A':roendix. 

4. Cameras 

The moving nicture cameras used in the investigation 

were Bed.eau..."'C Measurement Cameras, manufactured by Eastman 

Kodak Company. The;r a.re constant speed 8?T'..r:1 cameras, and 
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operate at 1000 frames ner minute, or 4000 frames ~er 

minute. 

5. Analysis Projectors 

The projectors used in analyzing the film were 

Hodel K-68 Keystone projectors :fitted wit:1 a Porter 

Micromotion Conversion. 'l1his conversion, a Veeder-Root 

Counter, and electric control box, allowed the Dictures 

to be proJected consecutively at varying rates of speed, 

stocued, and reversed where desired. The Veeder-Root 

Counter is so geared as to count the number of individual 

pictures which are nrojected. 
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C Method of Investigation 

1. Preliminary Method 

Motion pictures were made of five operators nerforming 

the Reaches and :Moves. B,our different sets of blocks, all 

of the same shaue, with wei~~hts ranging from one ounce to 

120 ounces were used. The blocks of the weight to be 

studied were set on the floor in stacks~ and the blocks 

were moved consecutively to different points on the supply 

table, as shown in Figure 2. 

A run is considered to be the reaching for and noving 

of a stack of blocks of one weight from the floor to the 

disDose table, by one operator. Operators 1, 2, and 3, 

made runs with each weif,ht, and onerators 4 and 5 made 

runs with weights numbers 2 and 4. 

( 1) 

( 2) 

(3) 

(4) 

2. 

The laboratory conditions imposed were: 

The operators were to work at their normal pace. 

Operators were to ;-rnrk with the preferred hand only. 

The grasp of the block was to be as simple as· Possible. 

Positioning of the objects was to be kept at a minimum. 

Anals;rsis of the F'ilms ___ ., ___ _ 
The resulting films were analyzed by the u.se of the 

motion picture projector and were projected into a desk 

projection booth. 

The anal:rsis of the -oictures was made according 

to standard micromotion techniques on the basis of motions 
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as defined by the Methods-Time Measurement system. At the 

end of each motion, the counter readings and _the type 

motion studied were recorded onto Loop Data Sheets. 

By subtraction of the counter readin~ of the end point of 

the motion studied from the end point of the preceding 

motion, the number of elapsed nictures was found. On the 

basis of the 1000 frames ner minute camera speed, the 

actual time of the motion studied was found. 

3. Collection of Other Data 

The various distances for each reach and move were 

calculated from the plan of the setup, and checked by 

actual measurement, where possible. 

4. Tabulation of Data and Results 

The Data was collected, and recorded on a summary 

data sheet, as shown in Table III, Anpendix. 

5. Analysis of the~ 

The object of this thesis is to examine the variables 

which affect the motions studied, and to find the relative 

imuortance among these variables. After much deliberation 

and consideration, it was decided that the following variables 

could possibly affect the time for each motion: 

( a) 

(b} 

(c) 

Weight of object moved 

Amount of bend necessarv to reach or move an 
object on or near the floor. 

The angle through which an operator would have 
to turn to reach for or place the. object 
considered. 
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(d) The distance the operator would have to reach 
in placing the object, past the normal working 
distance. 

(e) The height to which the object would have to 
be moved. 

(f) The total distance required to move the object. 

This investigation deals w:i. th only one dispose 

height; thus, we can consider number "dn above as a 

constant in our analysis. The experimental design did 

not include a variation of distance of stack to table, 

only a variation of distance due to the manner in which the 

blocks were placed on the table; thus, this .factor was 

not included in the analysis. 
. 

The ~armer in which the experiment was set up did 

not lead to ease :i.n analysis. Due to the fact that there 

was unbalance in number of operators per weight, number 

of cycles ner run, and changes of pattern within one 

weight class, it w~s necessary to eliminate some of the 

data in the analysis. These difficulties were partially 

overcome by the use of a type of statistical treatment 

kno,m as an analysis of a Factorial design. 
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6. Statistjcal Analysis 

To obtain a balanced design; that is, a design 

such that there is a one-to-one corres9ondence between 

o-oerators in each weight class, and between all weight 

classes, it was necessary to limit the analysis to the 

blocks on the corners of the pattern. Thus, for one 

onerator moving one weight, the corner blocks were selected 

for each layer. In all, a total of eight blocks for 

each run were analyzed.. Figure 3 shows the layout, as 

used in analysis, and may be helpful in understanding 

the factors involved. In line with the variables 

theoretically considered, the following factors were 

analyzed: 

(a) Weight of the object moved. Pour levels of 

weir;ht were considered in the analysis as given 

in section II-2. 

(b} 0-:Jerators. The operators were considered as 

variables in order to measure the different time 

levels associated with individual operators among 

the ~roun. The five operators studied comprised 

the five levels under Onerators. 

(c) Bend. The amount that the operator had to 

bend to reach each block was not directly measurable. 

Therefore, to investig;ate Bend as a variable, it 
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was necessary to select two levels in the stack 

of sup':ll;T blocks. Thus, we are investigating 

the eff'ect of different heights of supply stacks, 

or the cause for the variation in bends, and not 

the bends themselves. 

( d) Row effect. The 1•ows are defined by the 

position of the blocks on the disnose table. 

Row 1. is that row closest to the sun7ly stack, and 

Row 2. is the row nearer the back edge of the table. 

The row effect is considered to be a measure of 

the amount of bend or reach that an operator has 

to oerform in the olacing of the block on the 

disnose table, and the analysis only covers the 

two levels as defined above. 

( e) Colurrn effect. The columns, like the rows, 

are defined by the ~oosi tion of the blocks on the 

table. Those bloclcs nearest the onerator are defined 

as Column 1., and those farthest away are Colurr,n 2. 

Thus, it is seen that the colmrill effect, or the 

effect on the time required for the motion due to 

9lacing blocks in col'lllnn 1. over the effect of placing 

them in column 2, can be considered as some measure 

of the angle through which the onerator has to turn 

to nlace the blocks. 

The analysis was made by the standard method. (7) 
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Due to the inter-relationshio between the factors, the main 

factors may combine to form variables. Thus, one o-r:rnrator 

may be suj_tably adapted to one weight, and another operator 

may be adapted to a different weight. It is this inter-

relationship of main factors which we call interaction. 

Sine e there is a po ssibili t:, that, even though the main 

factors considered do not vary significally within them-

selves, they may combine to form interactions which would 

vary significantly, it was decided to study both the second 

and third order interactions. As any interpretation of 

fourth or fifth order interactions is impossible, these 

we~e put into the error term. (8) 

IV 
DISCUSSION OF RESULTS 

The results of the analysis of the data will be 

discussed in two parts; first, the results of analysis 

of the Move element, and secondly, the results of the 

anal:rsi s of the Reach element. 

A. Move Accomoanied £1. Body Rotation and Bend 

The five maj_n factors considered in the analysis 

were all statistically highly significant; that is, the 

chances were less than one in one thousand the.t the mean 

differences of time among the levels in each factor 

could have occurred by chance alone if the levels were the 

SR.me. Thus, the::-e factors ma,r be considered as true variables. 
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The factor 110perator 11shows this high variability. 

From this, it is safe.to assume that the effects of 

different operators tested was large enough to demand 

a measure of the operators to be used for setting standards 

in order to give accurate time values for all workers. 

Hence, only the trends which were noted from the analysis 

will be given. 

In the nresent Methods-Time Measurement system, 

move times for certain distances and types of moves are 

given, and these are corrected for the effect of weight 

of the object moved by a table of weight factors. 

These factors cover the rQnge from zero to fifty pounds. 

In our investigation, the maximum weight moved was seven 

and one half uounds. 

An attempt was made to see if the average time 

required per weight could be related to the weight itself. 

A regression analysis showed that there is a definite 

relation between weight and the time required to move the 

weight. This would seem to indicate that the factor 

method of correcting for various weip;hts would b,e applicable 

in this set of motions also. 

The factor with the highest variability among the 

levels was the Row effect. This effect is believed due 

to both the distance from the sup~ly stack to the table, 

and the arr,ount of 11stretch 11 the onerator had to exert in 
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placing the blocks in the pattern. Since only one 

distance of supply stack to table was tested, then one 

might assume that this effect was due to the fact that 

the oDerator had to bend and stretch the upper part of 

his body in nlacing the blocks at the back edge of the 

table, while the placing of the blocks at the front 

edge of the table took Dlace within a normal working 

distance. 

The effect of layer, vrhile still very highly 

signi:ficant statistically, showed the least amount of 

variability between the different levels. One possible 

cause of tl1is mig.rit be that, in the investigation, the 

two levels used were (1) both fairly close to the floor, 

and (2) varied from weight to weight. 

The effect of column, or some indication of the 

effect of t:ie angle through which the body has to turn 

was e.lso found to be statistically significant. Due to 

the square array of blocks in the nattern as analyzed, 

it is felt that this column effect is not a true angle 

effect, but a combined angle and row effect. Th:l_ s is 

due to the fact that the 'clocks in the outer column do 

not lle on a radius with the oDerator as the center, thus, 

the column effect is some function of both rows and angle. 

However, it _is believed that this is not a serious handicap 

in the investigation. 
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Of the twenty interactions tested, five interactions 

involving OPERNrOR as a factor were found to be statistically 

significant. 

It is to be noted that the measure of variabilit:r used 

indicated that the OPBRATOR-ROW intere.ction was zero. 

No internretation of this phenomena has been advanced, 

except that it m~y be due to random chqnce variations. 

The other interactions which could uossibly be 

considered variables are listed in the Analysis of 

Variance for Move, Table 1. 

B. Reach Accompanied~ Body Rotation and Bend 

Of the five main factors considered, the effect of 

COLUlil}l was the only one which was not found to be significant. 

These will be discussed in order. 

The effect of WEIGHT was found to be highly significant. 

Th.is effect seems paradoxical, as the operator is merely 

reaching for the weight, and does not lift it. It is 

felt that this effect is due to usycholor-;ical factors 

such as motivation, attitude toward accuracy, attitude 

toward effect, etc. The weig..½t effect did not an ·,ear to 

be a 11.near function, tr..us, making the apnlicatj_on of 

11factors 11 impractical in the REACH case. 

The COLUMN effect was found to be highly non-significant. 

Thls seems to indicate that the angle through which the 

body turns is not a variable over the range tested. 
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However, due to the manner in which angles are confounded 

with rows, this effect should be further investigated. 

The effect of OPERA'rOR was found to be highly 

significant. This would seem to indicate again the 

correctness of the assumption that the variability of 

ooerators was too large to give concrete data fbr all 

operators. 

The HOr,.r and LAYER ef.fects ·;;ere both highly significant. 

Nine interactions were found to be significant. 

The v'\!1;IGHT-OPERATOR interaction was found to be 

hig;tily significant. This seems to indicate that different 

operators had different psychological attitudes toward 

the objects to be moved. 

The other interactions are shown in the Analysis 

of Variance for Reach, Table II. 
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Table 1. 

Analysis of Variance--Move ~lement 

Source of Variability Sum of Degrees Mean Signii'i-
Squares of Square cance., 

Freedom Leve1··'" 

Weight 291.536 3 97.176 i~ {} ii" 

Operator 109.680 2 54.840 •!:- •:~ ., .... 
' Layer 22.040 1 22.040 .. ._,_ ~t ·:i" 

Row 150.002 l 150.002 .:,: .. •:~ .. "'II'\. ... 

Column 39.529 l 39.529 ., . ,\-.. .. •,11,• -::-
Weight-Oµerator 28.591 6 4.765 ~, ... .. 
Weight-Layer 12.393 3 4.131 
Weight-Row 6.833 3 2.277 
Weight-Column 10.630 3 3.543 
Operator-Layer 11.385 2 5.692 {Z. 

Operator-Row 0.000 2 0.000 
Operator-Column 8.471 2 4.240 
Layer-Row 2.163 1 2.163 
Layer-Column 1.501 l 1.501 
Row-Column 3.372 1 3.372 
Weight-Operator-Layer 8.103 6 1.350 
Weight-Operator-Row 7.782 6 1.300 
Weight-Operator-Column 12.585 6 2.097 
Weight-Layer-Row 9.851 3 3.283 
Weight-Layer-Column 0.920 3 0.306 
Weight-Row-Column 10.651 3 3.550 I 

Operator-Layer-Row 2.921 2 1.460 
Ou era tor-Layer-Column 6.763 2 3.381 
Operator-Row-Column 6.810 2 3.405 
Layer-Row-Column o.141 1 0.141 
ERROR 42.372 29 1.461 
TOTAL 807.000 95 

{}Following notation is used: 
~} -?} i} - Signi£icant, less than O .l;,& level. 

~: .. ~-- - Significant betv;een 0.1% and 1.0% levels. 
-?} - Significant bet,veen 1.0~& and 5. 0% levels. 
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Table 2. 

Analysis of Variance--Reach Element 

Source of Variability Sum of • i;: Degrees Mean Signifi-
Squares of' Square cance 

V 

Freedom Level " 

Weight 28.864 3 9.621 ~'" 
Operator 41.312 2 20.656 -:~ -::~ -:~-
Layer 8.760 l 8.760 ·:~-
Row 90.093 1 90.093 ~;} -~ --;~-

Column 0.010 ·l 0.010 
Weight-Operator 33.605 6 5.601 {~ .. ;~ --:} 

Weight-Layer 3.282 3 l.094 
Vveight-Row 12.615 3 4.205 .. ;} 

Weight-Column 1.032 3 0.344 
Ouerator-Layer 21.021 2 10.510 ~:-•:=-
On era tor-Row 0.063 2 0.031 
Onerator-Column 21.021 2 10.510 --;} ., .. ,,. 
Layer-Row 5.511 1 5.511 ~; 
Layer-Column 0.261 1 0.261 
Row-Column 4.594 l 4.594 ~:--
Wei$t-Onerator-La-yer 25.962 6 4.327 -;: .. ., ..,,. 

·- • -
Weight-Operator-Row 5.354 6 0.892 
ViJeight-0-oerator-Column 2.562 6 0.427 
Weight-Layer-Row 5.531 3 1.844 
',V eight-Layer-Column 1.782 3 0.594 
Weight-Row-Column 2.765 3 0.922 
Onerator-Layer-.Row 0.432 () 

{-, 0.216 
o~erator-Layer-Column 3.152 2 1.576 
Onerator-Row-Column 0.09\"1 2 0.049 
Layer-Row-Column 0.751 1 0.751 
ERROR 24.722 29 0.855 
TOTAL 345.156 95 

... #,. 

ftFollowing notation is used: 
-:~ -i:- ~:- - Significant, less than 0.1% level. 

-:~ ~· - Significant betwee11 O .l;b and 1.0% levels. 
~( - Significant bet,veen 1. o;'b and 5. 07h levels. 
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V 
CONCLU~3IONS AND REC01Vir/ili.::NDA'I1IOHS FOR FUTURE Rl!;S.GARCH 

It is felt that the main value of this investigation 

may lie in its use as a basis for future research. 

Therefore, the conclusions will be a discussion of the 

results in connection with recomr;1endation for future research. 

There are several anproaches one mir_-.,ht take in an 

investigation of this tv--oe. The correct approach will 

depend on the obJect and the scope of the investigation. 

To thoroughly investigate the field; that is, to obtain 

the best standard time system and values, it will be 

necessary to first establish the best possible classification. 

Since this classification nroblem is the next logical 

sten in the ultimate solution o:· the problen:, the recommen-

dations will be limited to that specific problem. 

The classification of a time standard system will 

be based on two factors: 

(1) Practicability of the systern from a standpoint 

of consumer use, and 

( 2) the most accurate system within the above 

factor. 

There are two tyues of measurements wh:tch may be 

used in the classificat:on: 

(1) The measurements made on the onerators; that is, 

actual angle of bend, actual angle of body turn, etc. 
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(2) The physical measurements made on the setup, 

without regard to operator. 

It is felt that in any classification attempt, 

both the best 11theoretica1n classification and the b0st 

11practical II classif'ication should be found. T'.neoretical 

classification is meant to convey the idea of a classification 

system, using individual operator measurements. It would 

seem that between the two ty-oes of measurements available, 

the latter should be the most practical from a standpoint 

of consumer use. However, it is felt that classifications 

should be tried using operator measurements for use as 

a comparison of the accuracy of the syster:1 based upon 

setup measurement. 

The micromoticn techniques used in this investigation 

are well adapted to the Problem. One of the main difficulties 

experienced was due to the deficiency of the experimenter 

in the proper use of the cameras. It is essential that 

the ex9erimenter be exnerienced in the proper techniques 

of photogra-oh:t for maximum precision in the anal7sis of 

the films. 

The selection of the operators in future research 

will have to be determined by two factors: 

(1) Which operators, an.d (2) How man~r 01Jerators. 

The nroblem of which operators to use is essentially 

a nroblem of defj_nition of the population to which the 
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results of the study will anYJly. It is anticinated that 

this definition of nooulation will be one of the 

imnortant decisions confronting the :l.nvestigator in 

fut1.1re researches along this line. The number of operators 

tested will, of course, have to be a compromise between 

the accuracy desired, nnd cost consideraticns. 

Some of the variables vrhich will have to be included 

in the classification have been studied herein. The· 

results, in terms of probability levels, are given in 

Tables 1 and 2. It is sincerely ho-oed that this thesis 

will be of benefit to those who will engage in future 

research in this field. 
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VI 
SUMMARY 

The nurpose of this study is to investigate the 

variables which are inherent in those reaches and moves 

a,cconnanied by body bend and body rotation about hips 

and ankles. The variables, and the interactions 

between variables, are investigated and conclusions are 

P-i ven as to 11vhich variables would af'.fect a time-standard 
- ' 

classification. 
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Appendix Table 1 

Physical Properties of Materials 

No •. Description Weight Dimensions No. in Stack 
of Material in in inches Stack Height 

Ounces ( L X w X H ) (inches) 

1 Cardboard 
Box 1.0 4 X 4.00 X 1.11 21 23¼ 

2 Wood Block 13.0. 8 X 3.63 X 1.63 14 23 

3 11Soap 11 Fire 
Brick 43.2 8 X 2.19 X 1.99 12 23-7/8 

4 Fire Brick 120.0 9 X 4.50 X 2.51 9 22-5/8 

Note: Material dimensions are averaged over the nuJnber 
of blocks as given in 11No. in Stack" column. 

-

-
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Appendix Table 2 

Physical Properties of Operators 

Description of 
Dimension 

Sex 

. Age, in years 

Height from floor to 
top of head, in inches 

Height from floor to top 
of thigh bone at waist, 
in inches 

Height from floor to tip 
of elbow, forearm at right 
angle to upper arm. 

Height from floor to flat 
surface at end of collar 
bone, in inches 

Length of· arm, measured 
from knuckles to flat 
surface at end of collar 
bone, in inches 

Length of forearm, measured 
from knuckles to tip of 
elbow, in inches 

Shoulder width, measured 
over the outside ends of 
the flat surface of the 
collar bones, in inches 

Weight, in pounds 

Operator Number 
l 2 3 4 5 

Male Male Male Male Male 

27 25 39 38 29 

69 67 70 68 72¼ 

41½ 

57! 54 

28 25 

14 13 

14 13 

172 

57¼ 

25 

14 

163 

41¼ 

56 

26 

13 

113 

44 

13½ 

15 

205 
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Appendix Table 3 

Raw Time Data 

A. Data for Move Element 

Material Row· Column Layer Haw 
No. No. No. No. 

1 
1 1 l 1 17 
1 1 2 1 14 
l 2 1 1 19 
l 2 2 l 18 
1 1 1 2 17 
l 1 2 2 17 
1 2 1 2 20 
1 2 2 2 18 
2 1 l 1 18 
2 1 2 1 16 
2 2 1 1 24 
2 2 2 1 18 
2 l 1 2 18 
2 1 2 2 15 
2 2 l 2 20 
2 2 2 2 19 
3 1 l 1 22 
3 l 2 1 16 
3 2 1 1 21 
3 2 2 1 20 
3 1 l 2 20 
3 l 2 2 16 
3 2 1 2 20 
3 2 2 2 21 
4 l 1 1 23 
4 l 2 l 20 
4 2 1 1 22 
4 2 2 1 22 
4 1 1 2 21 
4 l 2 2 20 
4 2 1 2 25 
4 2 2 2 23 

Times for each Onerator 
in 0.001 minute units 

2 3 4 5 
15 15 - -17 15 - -20 18 - -21 18 - -
18 18 - -
18 16 - -
21 20 - -
22 22 - -
19 16 19 -
17 16 18 -
23 17 15 -
19 18 19 I 23 
19 17 20 20 
21 16 17 17 
22 19 20 23 
18 19 20 21 
20 20 - -
20 18 - -
23 20 - -
22 19 - -
21 19 - -
19 17 - -
23 23 - -
22 22 - -
25 20 23 23 
21 18 20 23 
26 20 21 27 
21 22 20 22 
26 20 21 24 
25 18 22 24 
28 23 21 26 
28 21 22 26 
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Appendix Table 3 - (Continued) 

Raw Time Data 

B. Data for Reach Element 

Material Row Column Layer Raw Times for each Operator 
No. No. No. No. in 0.001 minute units 

1 2 3 4 5 
1 1 l l 16- 18 15 - -l l 2 l 17 16 16 - -
l 2 1 l 19 19 16 - -l 2 2 l 17 18 18 - .. 
l l 1 2 17 14 16 - -l 1 2 2 16 16 17 - -l 2 1 2 21 18 20 - -1 2 2 2 18 20 22 - -2 l 1 l 21 16 14 17 17 
2 l 2 l 17 15 15 15 17 
2 2 1 l 18 15 15 17 -2 2 2 1 18 16 17 18 24 
2 l 1 2 17 16 16 18 17 
2 1 2 2 16 16 15 16 19 
2 2 1 2 19 17 17 17 20 
2 2 2 2 18 17 17 18 21 
3 1 1 l 18 17 14 - -3 l 2 1 15 17 16 - -3 2 l 1 19 19 16 - -3 2 2 1 20 20 17 - -3 l 1 2 16 17 16 - -3 1 2 2 15 17 16 - -3 2 1 ·2 19 20 17 - -3 2 2 2 19 20 18 - -4 l 1 l 21 16 15 15 20 
4 1 2 1 17 16 15 14 21 
4 2 l 1 21 18 16 15 23 
4 2 2 l 20 19 17 16 18 
4 1 l 2 17 20 17 15 20 
4 1 2 2 17 20 16 - -4 2 1 2 20 20 17 17 22 
4 2 2 2 18 23 19 19 23 
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