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ABSTRACT

Virtually all industrial firms require time standards for schedu-
ling work and determining the effectiveness with which it is accomplished.
Since production time standards directly affect the employee's perform-
ance measure, the validity of such standards is constantly being chal-
lenged. This thesis was intended to contribute toward improvement of
the science of setting time standards.

Unler present rating methods time standards are subject to various
criticisms., To eliminate some of these criticisms a new rating tech-
nique called "synthetic rating" was developed. The specific object
of this thesis is to test the validity of synthetic rating under certain
typical manufacturing conditions.

To test the valiuity of synthetic rating the prime consideration is
the determination of whether or not there is any significant difference
in the chanze of rating in performance of skilled elements as compared
with unskilled elements as operator motivation level increases fron
‘low to high.

In testing tne validity of synthetic rating, two typical short
cycle industrial assembly operations were stuidied. The operations were
timed by an automatic electric timer developed by Dr. Dale Jones in
comnection witih the Fair Day's Work Research Prozram.

Two experimental subjects with industrial experience were used.
Each experimental subject performed each operation at six different
motivation levels increasing from low to high. At each motivation

level the experimental subjects performed each operation for five



cycles, It was intended that the various experiments for each opera-
tion differ only in respect to the degree of operator motivation. All
other motion time determinants were maintained as constant as possible.

Under the conditions of this study, the following conclusions are

suggested:

1. The experimental results obtained indicate that there
is no significant difference in the change of rating
in performance of skilled elements as compared with
unskilled elements as operator motivation level in-
creases from low to high.

2. The experimental results obtained therefore tend to
support the validity of synthetic rating as an in-
proved means of establishing better time standards.
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INTRODUCTION

Virtually all industrial firms require time standards for sciheduling
work and determining the effectiveness with which it is accomplished.
Since production time standards directly affect the employee's pertorm-
ance measure, the validity of such standards is constantly being chal-
lenged. This thesis was intended to contribute toward improvement of
the science of setting time standards.

In establishing a time standard through direct stop watcihi tine
study, the time study man determines the select (usually the average)
time the operator actually spends in performings the various divisions
(elements) of the work c,cle. Then ne multiplies these select times
by his estimate of the rating at which the work was accomplished, to
arrive at the estimated normal time for the work elements. These es-
timated normal element tires are totaled to obtain the estimated normal
cycle time, to which is added allowances for nersonal fatigue, and de-
lay requirements, to arrive at the standard time for the operation.

Time study men can rate unskilled elements more easily than sxilled
elements. ilowever, it has been suggested that skilled elemcnts ma, be
symthetically rated with accuracy, under certain conditions, by merely
using the averase rating assigned to unskilled elements preceding and
following the skilledi movements.

Review of Prior Research:

From a review of the literature nany autnors mention synthetic
ratiiig, but no mention is made regardingz the validity ol synthetic

rating with the exception of one author.



1 2 3 L
8. W. liievel, . Swanson, Willian uomoery, Adam Aoruzzi, and
>

fie I Mundel are the authors that mention synthetic rating without

presenting cvidence of evaluation of its soundness.
6
P. W. Schwab investigated the basic asswnptions of synthetic
7 .

rating as propos=i by Robert L. liorrow in his book, Time Study and

lMotion Economy. Taese assumptions are that within limits all manually

controlled elements of a time study are affected equally by variations
in operator skill, aptituie, pace, exertioun, attitute, etc. ile inves-
tizated these asswmptions by pnotogranhing six dirferent, lignt, manu-
ally controlled, industrial operations using six difierent operators.
Zvery opsrator performei but one operation. acn operator periormed

1

iievel, 3. Ww., rotion and Tiune Study. Homewoot, Illinois: Ricnard
D. Irwin Inc., 1955.

2
Swanson, W. and iievel, 8. W., Stops and Go's in Time sStuay. Clianlc
Proceedinss, Industrial ianagemcent Society, 1956.

3
Goumberz, ., A Trate Union Analysis of Time Stuuy, <2nd Edition. wew
York: Prentice-llall, Inc., 1955.

L
Abruzzi, Adam, dork Heascureient., New York: Columbia University Press,

1952,

5
Hundel, 1. ., kotion and Time Study, 2nd Zdition. New Jersey:
Prentice-ilall, Inc., 1957.

6

Schwan, P. W., an Investizntion to determine the Proportionality of
rlement and Therblig Times at Typical Levels of Factory Activity.
Laiaystte, Indiana: M. S. Thesis, Purdue University, 1948.

7
Lorrow, Rovert L., Tiue Study and Motion Econory. ivew York:s Ruliald
Press Co., 1946,




nis op=ration for flve couwmlete cycles at six iifferent speeds of per-
formanice rangina frow nedium slos to medium Just. The wata was cb-
tained by analyzing the [ilm by frame cowitinz. ach cycle was analyzed
and broxen down into tnerbligs for the right and left hand. After com-
pleting the fraime counting of each c;cle by therbligs, all similar
therblis for exch operation were reduced to a commion base for purposes
of comparisorn.

Schwis's conparison was based on the use oi correlation coeffi-
ciciits using r.te of activity anu therblig time as the two variavles.
e tocx as a common base for e:ch districution of therbliys, the tinme

for the therblis

Ly

at 100 percent rate ol activity, and using tnis cor-
rected viluc, ne ootaiinel an index of proportion for every aistrioution
of similar taerovliss. Then he obtainel correlation coelficieats for
the riht and left hini 2ond compared these correlatioa ceefficients
to the correlation coeflicients oif a hypotastical tine study develcoped
by statistical mesns using three staadard deviszstions egual to 15 per-
cent., The 15 percent was used cince it was asswae tiaat ia generzal prac-—
8

tice a time study could be in error by plus or rdnus 15 percent. T'he
comparisoil o1 thcse correlation coefiicients was done by tne use of
"{-tests".

Scawab conicluded that the asswaptions nzde b, korrow were not
even reriotel; tenable and that the residual error witii such a proce-
dure had linits tco wile for acceptuice.

Several guestions ari<e froi.r. Schwab's presentation, ana tiey
are:
&

Larnes, R. i.., l.otion and Tiwe Study. New York: John ‘iley -« Sous,
1949.




L. ilow coull he know the derree of cifect of the vari-
ations previ-usly mentioned on either the unsikilled
or skilled therbligs since they iere considered
tosether,

2. How could he imow that the operator was perioraing
the operation at the requested sn=2ed since no mention
was made of any control mechanisms to insure this.

3. Tine study experiments sugpest that it is mcre dif-
ficult for thz operator to work unilormly through-
out the work cscle at speeds slower than the operator's
usual wors speed than il is at speeds which are greater.
I any operators {ind it difficult to work at a requested
slower pace during the tine study. Thus, had he any
assurance that the operator maintained the requested
slower pace since, agai:, there are no such coutrols
mentioneu,

Lo How couli he know what canse. tne variations ne en-
countered, i.e., the difierence between operators,
the ({iffere:nce beiweea cperations, anl/or the uif-
ference tetwesn the weiskille !l and skilled theroiiss
since no controls to Jieterrine this vere pentioned.

P

Rovert L. j.orrow when develoving synthetic rating supervisea the
experirents testins the valiiity of his recommenied syathetic rating
methnods At present he is doiny more research, particularly in delining

and lizdtinz the vaelil apolications of s mithetic ratine.

9
torrow, Robert L., Op Cit



C3JHMCTIVE
Since the rating (Jjuigment) process is the least accurate deter-
minant of many time standards, it is understandabple that the validity
of the time stui man's ratinss are most vulnerable to cnallenze and

criticism. Accordingsly, this thesis was iantenauea to test the validity

Q.

of' the aforementiovned syntnetic rating procedure under certain typical

manulacturing conditions.

Further understanaing of the synthetic ruatiig technnique can oe
affectea throush use of an exawple. Asswre an operation cycle con-
sists of four work livisions: two unskilled, easily ratel elenents,
and two skilled elements which would be quite iiflicult to rate ac-
curately. After determining the averase actual performunce time of
each of the [lour elements, the time stuay man assiigns rating fuctors
of 120 percent to one of the uaskilled elements and 125 percent to the
other. Then, he averages these two ratings to obtain 122! percent,
whica is appliel to eisch of the two skilled elements to s;mthetically
rate them. As previously noted, the relect element times (avera:e
times in tnis case) are multiplie! by the respective ratinzs, fachori-
ally expressed, to obtain cstimated normal or 100 peréent tines for
the elements,

As pointed out by lorrow, symthetic rating is most valid waens

1. Tne operator is highly trained,

2. Thne operator has the sane dezree of motivaticn through-
out all phases ol the work c,cle,

3. The operator is applyincs the same relative degree (rating)
ol skill in behalf of both unskilled and skilled elem:ente,



The time study man can, tarougih ooservation, deteriiine with rea-
sonable accuracy whether the operator is hizhly trained (point 1) and
whether tlie operator is equally rnotivated in the performince of both
unskilled ani ckilled elements (point 2). iowever, determiniug whether
the operator is perlorming skilled elements at the same ratin, as un-
skilled elereats (point 3), a reguirement for valid synthetic rating,
is diff{icult to deter.ine by oiservation. It is this problem which
orompnted this thesis. Tae speciiic objective of this thesis is to
deternine, for t.pical nroduction conditions invelving trained opera-
ters, motivited equally in venall of perforiance of botn unskilled =and
skilled elemeiits, whethier tiere is any simificant difference in the
chance of rating in perfornance ol sxillel elements as compared with
unsikilied elewents, as operator motivation level graiually increuses
from low to hih. Stated in anotiier way, it is desired to deternine
if there is any si-juivicant change of tlie portion of the total cycle
time spent in perflorming unckilied (or skilled) eleneats as the vpera-
tor decrences c,cle tine by increacing nis vors speed.

Assume that a4 ¢ cle is composed of one-hall rdnute skilled work
and one-hal:i minute wiskili=1 work wnen performe:d at a slow pace. If
the perforance iz then obzerved at a greater dezree of motivation and
the time spent on the skille: nortion ol the cycle is found to oe sig-
niticantl, .reater than that spent on tne unskilled vortion oi tne
cycle, there is evidence that at tiie orizinal slow pace, the siilled
portion ol taz ¢.cle was veriormied at a hi-her rating than the un-

svilled nortion ot the cycle. (See Figure 1, Case I), If this



difsverence of rotiag was sizificunt, it wonll unt be correct to sm-
theticall;” rats the sitiiled wortion ~1 the cycle throu;sr use of the
estimatel rating of the unskilled pertion of the cycle: to do so
would result 1un mequal earninz opportinities Ior tne time spent on
the uns<illei weric elem:nts as compared to the time spent oa the
sitilled work element:.

On tae cther hana, 10 the periormnce is observed at a greater
decree ol rotivition ard thé time sopent on the unskilled portion of
the cscle 1s Zound to be similicantl, sreater thaa that spent cn

11

tie skillea portdon ui tae cycle, tiacre is evidence that at Lne

ori ial slow pace the wickilied portion ol hiie cycie was perioracd

at 2 hlier rating than the sikilled portion of the cocle. (See I'ic-
urz 1, Case ITp Il tuis diflercice of pitia; was simificwt, agala
it woulid notv ve correct to s ntlieticall rate tie sxilled porticn of
the cycle thre:®i use ol the estimatel rating of the unskilled por-

tion of the cycle.

If the performnice is observel at a grealter dezree of motivation
and the ratio of crcle time spent on tie unckilled (or ckilled) por-
tions of the cicle is ot sipiliiciatl, oreater than that svent on
th2 skille !l {or wasikilled) portions of the cycle, there is evilence
that abt tie oricinsdl slow pace, the unskillel {or skilled) portion of

the cscle was periorned at the swee relative rating as the skilled

(or wisville.) acrtion of the cycle. (See Fisure 1, Case III), If

R

.

tiis Jiffereice of ratin; was not simificant, it woulli ve correct

to s,mtihetically rate the skilled portion of thne ccie througin use of
the estimnatel ritin; ol the uncikille i portion of the cycle: to do <o
woul:l result in equal earning opportunities fur the time speut on the

unskilled or skilled work elementc., This would inldicate the validity

ol the syntaetic rating techaniqua,
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SAPERLNT PROSEDURE

Two typical shert cycle industrial asseibly operations were
stniiel, Operation A, the clevis assembly illustrated i.. Fijgure 2,
consist= ol a clevis asscinledl to a bare through use of two pins and
a nmaciinez screw; and a pisotin- cor assenled iu the throat of the
clevis throu;i use of a nin. uUperation 4, the worm and gjear asseubly
illustrated in Figure 3, consists of a worm, one end of which is as-
sembled in a hiole <l the housing and the cther end to which is assen-
bled first a tall pearii; assemoly and then a [lange, after which a
sour and wornm gear cluster is assenbles to the svrorr, The followin g
explanation ol the wcaperinent orocelure apnhlieli to botin Operaticus A

)

and .

The Operatio: !iotion Patterns

T'he experinental motion pattern was established. Bach operation
was divided into lour elerents. These elenents are listed ou risht and
left hanl charts shown in Taples I and II. Each operation consists of
four elementc: two elensuts that were consilerel the least skilled cf
the four =lenents and two elem:nts that were consldered the nost sxilled

10
ol the four elements, For Operation A the lcast skilled eleiints
were elerent=s 1 i 3, and the uwost skillel elerents were elements 2

and 4. For Cperation 3, the least sikilled elements wvere elenents 1

ad 2, ani the most skilled elcments were elencnts 3 and 4.

10
The relative degrees ol Jcexterit, and eye-hand coordiuation regiire-
nents of the four elermentz, as Jjudged by the writer and Dr. Dale
Jones, was tne criterion for ranxing the elements in relereince to
exill.,
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Klement

[tIG’H? K. J LuFI‘ ;;:'\;-.J CH.:A{.L‘ VR IR

CALLn T

floiv A

Left Hand
Get and position

base

et and position
base pin

Get and position
clevis

Get and vosition
pivoting bar pin

All grascs are "see" type prasvs.

Risht Hand
Aside finished

assembly

Get and position
b.se pin

ret and position
machine screw

Jet and rosition
pivoting bar

kEnd Points

‘"hen both hanas
start reach for
bése pins

When both hands
start reach for
clevis and
machine screw

when both hands
start rezch for
pivoting bar and
pivoting bar nin

As left hand
starts to reach
for base and es
rigiht hand sterts
to aside finished
assembly

All transport distances are 15 inches.



slement

1

TiBLe 11

(IS0 ney LoFl Ao Coodl For Ok

17/

(I B

Left Pand Right dand
tside completed et and essemble
assembly «nd get bearing to
flange flange
Hold Get and assemble

worm to flange
and beariiig

Hold et and assemble
housing to
flange and
bearing :nd worm

Hold Get and assemble
spur and worm
gear cluster to
housing

All grasps ere "see' tyme rrasps.

tnd Points

“nen rient hand
starts reach for
worm

“hen right hand
starts resch for
housing

“hen right hana
starts reacn for
spur and worm
gear cluster

As left hand stzarts
to aside complete
assembly

All transrort distznces are 15 inches,

/



All transport (epty ani loaied) motions were 15 inches distant.  The
bins used [for the experirents were swanaard industrial biis, sizcs A=
10 ant A=12, Tne wor: table waich was used was approximately 30 inches
from the floor. The experlmental subjects usei a chair with provision
for hei ht adjustment. Figure 4 illustrates tne position of the ex-—

perimental subject in reference to the work table and the worx layout.

The i.ction Timer

An automatic motion llmer snhown in Misure 5, developed by Jr.
Dale Jones for the TFair Day's ork Research Pro-ran, was used to time
the notions durinz the éxperimants. Thae timer consists, fundanentually,
of a Jdrwa havin~ a circumfererice of 100 inches driven by a 10 r.p.m.
syncironous motor. ‘hen in use, paner is wrapvei and taped avoubt the
circumiference of the rwsi, eich lineal incen of the paper representing
0.001 minute. Dots are postel to the revolving paper tarouga use of a
relay-actuitel bull point pen, either automatically as in the case
when tne switch button or switch buttons are intesristed wita the opera-
tion motion wattern or manu.lly, 2s is the case when an observer visu-
ally discern: tue eleawnt or mobilon cniln (s and aepresses a switen
putton. In these expoeriments tae writer manuwally coutrolleu the notion
tiidnz. The stanuard deviation innerent in the machine and tne writer's
sensory reactions were carefully established in the nanner descrived
in Avveniix A, ai the effecte of sue are discussed later in tiis
thesis.

Selection of Ibgerimental Suvjects

Two experimental subjects fullillinz the followli;; criteria were
selecte:is

1. Ixverienced female bench wors ewnloyees:
: H J s



R
b R Y
Figure i The Position of the Experimental Subject
in reference to the Workplace Table and

the Work Layout,

[
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2. HMinimum o six months' experience in bench work;

3. Averaze or better scores for industrial nornm qualili-
cation on the Purdue Pegz Board test take:n by each
subject at the Michijan State University Testing
Ceanter. The results of tiese tesis are shown in
Table III.

Orientation of Experimental Subjects

1. The experinant procedure was explained,

2. Tne specific motiocn patterns Ior each of the two
assennly operations were demonstrsted.

3. [ho zxpericental subjects nracticed at slow nace
! J L N
to leara the rotion pattemns,

4e when coumpletel; familizr with the metion vattern
the experimental suvjects woried at increasin;l,
rapid cozeed until it appeared they hal complztely
mastered the motion pattern. Tne cycle tiwes ware
posted to ootzin the learning curves illustrated in
Fijures 6, 7, £, and 9. The fact tiat the learning
curves entail Jdiiforent numvers of cycle performances
b de to dilferences in ability to master the opera-
tions, as suaggosted by geaneral levelins ol cycle
periormance times, After the asymptotes ol the

learnin< curve: had teen estavlished by the experi-

mental subjects, the experinents were Legun.

Standardization ol Zxperinent Conditious

It was intended thiat the various =xperimenis for ezcn cperation
differ culy in respect to the degree of onerator otivatioa.  Taus, it
was ver, inportant to zcen all otier notion btime determinints as con-
stant as possiblz, The conditiocns waich were standardized and closely
controlled thronzhout the experiments were:

1. Conesistency of motion path from cycle to cycle

2. Relative positions of cbjects acsenblad

3. Position of experimental subject

4o Li ‘;ht

5. Souald

6., Ventilation



TaBLe II1

RuSULTS OF L URDUL PaG BCARD TuST
TArsN BY OFuRi.[ORS 1 AMD 2

Raw Conversion to
Operator Test Procedure Score Percentile Industrial Norm

1 Right hand 22 99
Left hand 19 97
Both hands 14 62

Total 55 96 Good

Assembly 12 96 Good
2 Right hend 18 68
Left hand 16 54
Both hands 13 37

Total 47 L7 Average

Assembly 10 3/4 82 Average
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7+ Distractlons

The Lxperiment Performance

Prior to each cxperiment the experimental subject was instructed
in the desired level of rotivation, anl the importance ci ccusistent
adherence to this level throughout thne period of experimentation.

The experiments sturted at a very slow motivation level and in-
creased to a fast level., In refercice to motivation levels wil Liacir
order of perforinnce, the cxperironts involvin: ooth Cohoratione A and

3 werc perforiel as Sollous:

1l
l. TJery sicw rotivation
2. llediwi slow rictivation
J. Katural rotivetion 7 an average worster
Mo  perincatsrl subjects' ovm natural rotivation wiiich

was felt to be a little highier than that of an average
production enplojee
5. Medium fast motivation

A, Fast robivation

The Axperinmeat Tining

Each experirent wne timed Ly the writer, as illustratel in Fi.ure
10, bty tanoinT a consitlive mdcrosuitell connectel to a reliy—actuated
Lallpnint oen, The writer actuated the switcn at the ead of each
elerent, ol the cycle,

The etfectec ol whe writer's ceascry reactions .ere obtalied to

correct for any reaction tine telay in actuatin: the switch at thre

1l
¥ .- N H . . 1 K - - K
e word otivation as nsed here is ot s monomons with soced.
Rather, it .lenotes the "will to werk". In otiaer uvords, notivaticn
vould be the cruse of au operator worikdn: at a certqin pice -md
speed woull be the elfect cf that wotivation or incentive,
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ol

preoer noreiit, The writer's reactien time was calculated as 0.00179
13

riinute. This value was adjustel to correspond to the data as pre-

sented in this thesis by calculatin ; the stoindard deviatio:n of averagzes

of twent, ouservations. This value of0”is 0,30040 minute, and is so

e smaller thaa the differeice Letween the ouservations as shown in

Tavles Ia and IIa that it h=l nenglizible effect on the results.

Vol .
L

Analvsis of FErperinent Tine

ach level of rotivation was verflorned for five conplete, an-

L-s

interruptel ccles and recorled on the tape ol the previously des-
crited ther, The individual times for cach elenent were ootained
fror. this togse by weans ol 3 snecial scale wilen converted Lhe dlis-—
tnes batueen dotrs ho tiie Ly ninites,

Tor esca of the four 2lercnte (Lwo mnskilled an: two siilled) the
Iive periornznce tlies were aver=ged to obtala a represcontative tine
for the de;rec of motivation reflected in the exverinent., Also, the
representative total ¢ cle tine for cach exuerinant was establisie: by
totallu s Livo c,clels four representative e_e.cat tines.

‘s _

For purmoses oo ora Cidlc owalyed

v
v
I . 04 .

it was necessiary to wipress tl

192)

e

various levoels of operator nwtivarion lactoriall., in refercuace to a

To establish thc ur s reaction time, a piece of nianv wire,

LC1l2 in dianmter by 12 leet 9 ilucnes louns was used with a A=ounce
lwat cvob fustened on Lhe end o0 the wire, The wire was [actened Lo
ne ceiling ia order to serve as a punidulwa., A cardboard naiker was
secured to bLae Zloor to serve as a guide in deternining the clhvuize

ol virection on bthe veniadwi. aAs soon as the pendulw: startes to
c

iter!
)

2 g O

v

nume direction, Lhe vwriter tapoed the sensitive microswitcen as
tescribed above, The recsults= were posted to the paper taped on the
drea of thz tlmer. The time values vere then obtained [rom tiis
tane by weans of a specinl scale which converted the distauice bte-
tween Jots to tiie in minutes,

i3
Sce Appenlix A Jor caslculation of reaction tine,






tase. This was done by taiiing the mreatest representative c,cle lirie
(representinz the slowost notivation level) as unity and Jiviiin: into
this time value the other renresentative cycle tines.

Tane relationship tetwee.. elenent time and motivation level, as
anplied to Operator 2 performin; Operation A, is illustrated in is-
ures 11, 12, an1 13. The relaticnsaip .etween the unskilled elenent
performance time . the derree of rotivation is snowi in ©iure 11,
The relationshin vetieen the s<illed elerent nertformance nnd the de-
cree o wmotivation is shoun in Fisure 12, Figure 13 presents tae
curves oi I'i ures 1l ana 12, showin.; the resultant curves represen-

tin;; averaize sloupes of these curves,

O
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EXPERT&T RESULTS

The experiment results of only (perator 1 performing Operation A
will be explaineu. rnhe interpretation of the other results, wuich
are prescated in Apvendix B, should be <uided by tiails explanation.

For the purpose of making two comparisous, the data was arranged
in too way.. First, btae tcval perlonruice times ol tie two leas
sikillel elecents were compared witii the total verfornance tines of
the two most skilled eleoments for the first taree levels oi motiva-
tion (tae slo.er woriiing speeds). Second, the total pertoruance times
of the two least skilie: elenents were comparea wit: the total serform-
ance tines of the tuwo wost skilled elements for the lust thnree levels
of notivation (tne faster workin,: speeds).

The first comparicon relates the desree of motivation and respec-—
tive elerent performance time I»r the lower three levels ol motivation,
as illustrated in Tacle IVa, ant the second comparison relates the
desree of motlvition ana respective eleuent performice time for tie

hisher three levels of notivation, as illustrated in Tavble Va.

In order to evaluate probavle siiiicance oi difference ol tne
exverirental subjects!' abilit, to shorten the most skilled elciicnt
times as coupared with the least sikilled element times, in foin: rrom
least to highest levels ol mctivition, it was necessary to calculate
correlation and rejreswion coefficients, as illustr-ted in Taoles
IVL anl Vo. A correlatioun coeificicut ic the result of a proolem
wnich considers the joint variation of two measurenentc, ncither of

wnich is restricted by the experinenter., In thiese experiinents the



Te2LE IVa

Degree of lotivation versus Ferformance Time for the Three Lower
Levels of kotivation for Operator 1 Operation A

totivation

Least Skilled wlements

Degree of

Hepresentative
(or Average)

Performance Hepresentative
Time for the (or Average)

fost Skilled alements

Jegree of

Performance
Time for the

Level Motivgtion I'wo £lements Hotiv§tion Two Slements
(x) (y) (x) )

1l 1.00 .05C068 1,00 076272

. 100256 097824

2 1.13 049784 1,13 .C99360
.082068 .055596

3 1.23 047668 1.23 .053140
.072816 .089036

Sums (s) 6.72 402560 6.72 471228
s . sy? 7.58 .029356 7.58 .039112
Sxy J447522 . 524083




TaBLw Va

Legree of lotivation versus Ferformance Time for tne Three Higher
Levels of lotivation for Operator 1 Operation A

Least Skilled mlements iost Skilled Elements
v Jegree of Depree of
denresentative Ferformance Representative Ferformance
hotivation (or average) Time for the (or Average, Time for the
Level Motivation iwo clements Motivation Two Elements
5 (x) (y) (x) ()

4 1.24 .036708 1.24 .052C32

0869548 084792

5 1.29 025148 1.29 .053712

.073796 .089708

6 1.34 026564 1.34 .053792

078592 082540

Sums  (S) 7.74 336776 7.74 416576

sx?  sy? 9.99 .022852 9.99 .030536

Sxy 433515 .537358
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two measurcnanis ars Lae dearec o element gerform-
ance time, A rerression cocfficient is the resuit of a problem whicn
considers tne variation of one verjable when another is held fixed at
each of several levels, Ir. these experiments the element performance
time is the variable wnile the derree of motivetion is held fixed at
each of several levels,

The values of eaci sct of coefflicients differ considerzbly among
thermselves, The problem was to learn if these differerces were signi-
ficant or il they reprcsented merely samplinge veriations, To obtain
a ciearer picture, tae repression curves iliustrated in rfisure 14

were plottel, ‘.aen rerression curves are siraignt or avcroximately
straignt linces, as is tne case of toose obtained, they are generally
14
callea linear recression curves,
Th: rogression ecuation used Lo obtain the curves shovn in Fig-

wre 14 is:

b(X - X)

-
n

]|
+

whare:

X is the otserved motivetion time v: lues

X is the mean of tne observed motivetion valuss

b is the slope of the line

Y is the meun of the observed performance time values
A . ) . . -

Y is the =stimate o: the mean Y

The mean volues X and Y used in the &bove equation were obtzined
“rom Jotle IVa and V=, e line drawn by the above equation has tie

propsrty that the sum =f sguares of vertical -deviations of velues from

14
Dixon, Vilfred J. and lassey, Fran' J. Jr., Introduction to Statisti-
cal Analysis. New York: McGraw-iill, 1957, p 191.




this 1line=

cel deviztions froan any otler lire, Tihds is called

nronarty,
Tne resression
sk:ilied elerents arsz:

Least S¥ill~ad wlements {ost 3k

is sneller Lhen the corresponiine sum »f s mores of verti-

a least souare

ermlations for tlie least skilled sna the most

jlled slements

A
Y =

LCH711C = L065(X - 1.120500,

Simplifying Simplifyine

N

T = 144350 - .059% Y = 151418

Having e

detormine if trheir slopes were sirnificantly 1iff.r

- LO7L(X = 1.120000)

- 074K

stablished the slope cf tizse lines, the uvroblem was to

ent., This requires

that the mean souzre deviation from in-'iviuuel roup regressions bLe

15

coupared as illustrated in I=bles IVe and Ve, In

parison involved tiic us< oi the [ gistribution test

+
9

bution test is a variance ratio used to test tha si

A straiecrt forward

use of the

Metihods for Researci Vorkers publisted by Cliver &

Tweeddale Court; Lonaon; 1936,

that Y incresses at Lhe sam2 rate a

is method of com-
. Tne F distri-
~niificance of

explanation of the

test is presented in o, A. Fisher's book, Statistical

Boyd, wdinbureh:

If Lhe slopes do nob uiffer signifi-

v
S A

To d=termine if the velue obtairea for tne F ratio is sisnifi-

cantly =zifferent, the F distribution t:hles were used.
were entbtered with one d-rree of freeiom in
eight, jeprees of freedom in wvne denominator, In

ratio to be significurt zt the 5 percent level, the

e —t—

15
Snedecer, George .,
State Collere iress,

St listical rethous,

1940,

AMES,

Lile numerzior ana

or.e

The tables

with

r for the F

valne for the

-

Jowa: ‘The Jowa



TeBLE Ve

Test of Significance of Adjusted Group Meuns for the Three Higher
Degrees of totivation for Operator 1 Operztion A

Degrees
of
Source Sum of Squares Freedom liean Square
Cammon Slope . 00009097 1l .00C09097
Residual .0U535159 8 LO0UG6T270

F = ,00G09097 = 0.13500
L OUOHTZTO

L2



ratio wouid have to be 5,22 or ereater, 3ince the viiue of the F
ratio obtzined for *ne first and second comparison was 0,00148 rrw
0.13500 respectlively, the conclusion was that the slopes were not
signiTicorntly diflerent.

in

The F ratio values for all the experimeats are showm in Tohle



mo -1
Tris K11

F Ratio Values for all the cZxperiments

Operetor Cperation Conrarison F latio Value
1 A First C.00169
sSecond 0.13500
1l B First 2.05850
secend 0.05825
2 A First 0.43250
Second 0.035G5
2 B First 0.27969
Second 0.24950

As &lready noted tre F ritio vaiue to be
significantly different would 1nve te be

5.22 or grester,
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Since time stendarcds are importint to all industrial firms for
scheduling worr ani «det:rmining the effectivaness with which it is ac-
complished, this thesis was intended tn contribute toward imvrovement
of Lhe science of selting; time stindards,

Uime stirdards corsist of Lwo imrort nt parts: one is the esti-
mated normel tiwe for tne operction, ana une olner is tae aliowance
times for rersontl, Tatimi=, wnd delay regquirements, bstimated nor-
mal times consist of Lhe actual verfomonce time for the orer:tion
multiplied by the specd or rite ¢t which Lhe opersteor accom:lishes the
operation., o enzhle a time study men to imrrove the setting of time
standards much researcii has been done to enable him to better time the
job and also to arrive at the allowence times with more accuracy; but
very little has been done¢ to imrrove the roting techniques that he
uses.

Time study men ayree that skilled elements are more difficult to
rate than unskilled elements, Because of this fact time stardards are
subject to much criticism. To combat this area of criticism a new
rating technique called "synthetic rating" was develored to enable the
time study man to rate the skilled elements nhe encounters during a
study, but very little has beer done to determine the validity of this
tecnnique. The research that has been done to determine the validity
of syntnetic ratinr leaves much to be answered, Therefore, tnhe pur-
pose of this thesis is to test the vzlidity of synthetic rating under

certain typical manufacturing conditions,
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To test the validity of sy:rthetic razting the prime consideration
is the determination of whether or not there is any significant differ-
ence in the change of ruting in performince of skilled elements as compared
with unskilled elements as operctor motivi.tion level increases from low
to high.

The procedure used for determining if any significant difference
in the chanre of reting of skilled elements as compared with unskilled
elements was as follovs:

Two typical short cycle industrial assembly operations were studied.
Each operation consisted of four elements: two elements that were con-
si:dered the least skilled of the four and twc elements that were con-
sidered tne most skilled of the four, The operations were timed by an
automatic timer developed bw Ur. Lale Jones in connection with the Fair
Day's work Rresearch Program, Two experimentzl subjects with industrial
experience were used, pach experimental subject performed each opera-
tion at six different motivation levels increasing from low to high. At
eacn motivotion level the experimental subject performed each operation
for five cvcles, It was intenided tnat the various experiments for each
operation differ only in respect to the degree of operator motivation,
All other motion time determinants were maintained as constant as poss-
ible.
Conclusions

Under the conditions of t .is study, the following conclusions are
supgested:

The exyerimental results obtained indicate that tere is no signi-
fieant difference in the crange of rating in performence of skilled
elements as compared witi: unskilled elements as operator motivation

levels increase from low to high .
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These findings therefore suzgest that unskilled elements are performed
at about the same speed rating as skilled elements, when these elements
are performed by qualifie:d, well trained, and well motivated operators.

The experimental results obtained, therefore, tend to support the
validity of synthetic rating as an improved means of establishing better
time standards.,

Implications

One result of this pilot study is that the concept of synthetic
rating appears valid, Further research is needed to fimly establish
the valiaity of synthetic rating.

Once this validity is established, the aprlications of its use
would have the following results:

1., Better labor relations will be established because of

the improved accuracy and consistency of time stan-
dards set on jobs by this method of rating.

2. There would be tne possibility of reducing judgment
to such an extent that it will no longer play an im-
portant part in tne finzl determination of the rate
at wiiich an oper:tor performs a job.

3. VWnen using tuis metnod of reting, it is not essen-
tial to have data for all elements of an operation

being anclyzed., Thus, there is tne esse of applica-
tion and savings in time.
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APPENDIX



Inherent Error of the Automatic Timer

The inherent error of the automatic timer was calculated in the
following menner:

The sensitive microswitch which controls tne posting relay of the
timer was actuated every 0.0C20C minute by a synchronous driven cam. The
synchronous drive for the lhechanical ingineering Department's 16 m.m.
Cine Special Movie camera was used in conjunction with the cam.
Twenty time intervals were obtained from the timing paper used in the
automatic timer, Of these twenty time velues, one was discarded be-
cause it was out of control from the rest of the time values. These
readings were made to the nearest 0,00CC1 minute. See Table XIII for
the readings and the method of calculating the standard deviation,

The.standard deviation for the averare of 16 postings is 0.0C001
minute, Therefore, we can be statisticaily 99.73 percent sure that the
tabulated averages of the 16 postings are within plus or minus 0.0U0C3

minute of the true average times for the 16 postings,






Thdle XIII

Calculaiion of the Mechanical
Inherant Error of the Timer

Trials ) L X=X X - Ei _—

1 01940 .00C02 . 00C00CO004
2 .C1991 .00C0L .0000CC0001
3 .(1986 .00006 . 0000000036
L 001987 0005 002000025
5 .01984 L0004 . 0000000034
6 .01693 00001 L OCO000CCOL
7 LU1990 LOO 2 LUO0OCO0C04L
8 ROLEIA .00002 . (0COUS0004
9 .01990 LOD0C2 000000004
1¢ .01999 00N . 00000GOCOLY
11 2R2UD0 . 00008 . 00L000L06Y
12 L1097 L0y LOCUDCC0025
13 LOL1G90 L0C0C2 LOCGOOOCTOL
WA L0199 .00002 . GOOC CO000L
15 .01997 . 0005 .000000025
16 .01997 L00C0O5 .0000000025
138 .01988 .C0C0L L 5L 00000016
B kY 01641 : L00CL LCLOON0COGL
20 _.01954 00002 L 0C30UC0U0k
Sum  .37854 Sum . 0000000332

X = .37854 = 0.01992
19

(i' 'iK.OOOOOOOBBZ = 0,000042 minutes
ést 19

Determining the mechanical inherent error in the timer:

6;‘ -

N 3

55

0‘_’ = ,000042 = 0,0000243 minutes
Xn

23 _vg-

A}
[



TAdiay XIV

The Calculations of the writer's deaction Time

Trials X (x - %) (X - 'i)z
1 LOBBLE 00033 0000001059
2 L0A5hG 00041 .00COC21641
3 06796 00089 .00900C7921
L .0A370 .00237 .0000056169
5 .056592 00285 0000081225
6 .15330 00277 0000076729
7 REY IR 00177 .00LC031329
3 .0H504 L00101 0000010201
9 .(5952 00345 0000119025

10 .05500 00107 L00CO011449
11 .06556 .0U051 00002601
12 JBA .00087 L0020 0754
13 LUb632 .00025 . 0000000625
1.4 06250 .00357 0000127449
15 06922 .0C315 . 0000069225
16 L0504 00011 .0000000121
17 .06556 .C00L9 0000002401
18 .355L8 L0056 0000003431
15 T .00113 0000012759
20 .06376 .00231 0000053351
21 L0416 .00191 0000036481
22 06758 .00151 .0000022801
23 06738 L0011 000032761
2 06534 .0C023 0060000529
25 LIBHTE .000A9 000000 LTAL

Sum  1.A5102 Sum .00CO803753

X = 1.565182 = 0,05AC7
25

Gﬂs 30

=4].0000803755 = (,00179
U 25

= d.;:f

3

= ,0017G = 0,0004L00

Voo




1_otivation

Zlenent Times and Cycle Times for Operator 1

srerent

TABLE AV

Cperaticn a

Zieaet

Hlenment

Total Cycle

Level #1 él #3 L Tine
1 050003 075272 100256 097824 « 320442
2 049731, 099300 « 082068 .055596 «28081
3 «OLT750E «053140 W 72015 .089036 262066
L «0367079 052032 026963 050792 «26050
5 029148 053712 0738796 L0137308 .25136
6 + 326504 053792 LO78592 082540 24149
Cperation B
I otivation Element Element Zlement Zlement Total Cycle
Level 41 #2 #3 i Tiue
1 049214 ,070320 052964 034243 «213766
2 054218 . 032108 055420 041500 .192242
3 LOL7142 «033700 062304 «OL5040 183172
L .039C56 «030400 #3975 2055243 164572
5 034372 040008 047140 037712 «161232
6 0277 SLdy 022218 034920 «030296 «121308

W)



Element Times and Cycle Tines for Operator 2

TASLE XVI

Operation A

X iotivation Element Elerment Element Element Total Cycle
Level #1 #2 #3 Hl Time
1 .039620 . 100964 .092000 .076228 «308315
2 .051012 078244 075304 .0907064 .295304
3 .035132 056521, .093648 076602 «261906
IA 052333 057784 079554 063568 «253304
5 LOLT7572 LOLR232 075292 »052003 217034
6 .029308 041344, 070720 062940 .210312
Operation B
T otivation Elerent Elenent Elenent Elenent Total Cycle
— Level #1 2 #3 ity Time
1 051670 049376 .075132 .032100 .20878
2 .033232 .040256 043501, 047420 174512
3 L0424,56 027595 L051136  L045240 .166428
L 033992 034996 +OLOOEE .035158 152504,
5 03124 .03073 .031992 .050124, JLNLALS
6 .035628 .029630 .0315¢0 .029756 J126544,



o



el
(O

=t jon:

Py
1l

—+ang.
l€: ¢

L

R

S

i

[

erigent’ rgsults |From Qpinatgr ] and:

3xp

3
e B

Axatdon |Le:

o
e |

4

fespective: Liangnt |Pexfo

fhe|relat

Sy

“[of [cutve [defersindtida
4

S
: - o .
R4 . =3 EPRSS SEER
B 1 .. R 2z 7] e
N — A S ..
. STy it g il
- e~ PSS S .Sh.m o

J5d el 15 dor [exiar

B;:

O

on

Rl

et

Figurd 1§

RIS * 3 SHIES

.. DIREER IR IR .- . . EEERIEN IR I = i Sdhiidias SRERAREES SEIRSRERN SRR B I <. . . . S IO N
et I T - IR = o
e oY . RN I Ki can v y \ e i TTrefperes
DS BOUN - . aad - M e ] RN UG P e s S TTr Topey P SN S
.. s - ' N R U . . ey PR S [PPSR L LRI EETEY Sy e PN Shaiis st I A B s t -
- IERY FETIN P ERY SRR XS R RS SRR Ed Rl S B B B B B Ol LEET INRRY SR R Ry RTINS SEhes Sasts § 7850 bt

)

i Al [N SRUES EETRE EER R K
.
il . PEE FER =Y SENRE K]
LRI S
....... Y N




TABLw Via

Degree of Motivation versus Performance Time for the Three Lower
Levels of HMotivation for Uperator 1 Operation B

Least Skilled clements Most Skilled =lements
Degree of vegree of
Representative Performance Representative Performance
rotivation (or Average) Time for the (or Average) Time for the
Level fiotivation Two mlements lotivation Two Llements
(x) (y) (x) (y)
1 1.00 049214 1.00 059964
.070320 .034248
2 1.11 054248 1.11 ,058420
.038108 .041500
3 1.13 LOLT7148 1.13 062304
.C33700 .04 5040
———
Sums  (3) 6.48 292738 5.48 301476
—_—
Sx® g2 7.02 .015121 7.02 015814
—_—
Sxy .313407 .3264,22
\

# See Figure 15



TaBLL VIIa

Degree of liotivation versus Ferformance Time for the Three Higher
Levels of lMotivation for Operator 1 Cperation B

Least Skilled Elements lhost Skilled xlements
Legree of LDegree of
Representative Performance Representative Performance
Lotivation (or Average) Time for the (or Average) Time for the
Level totivation Iwo klements lotivation Two Elements
(x) ) (x; (y)
L 1.29 .039056 1.29 .039768
.030400 .055248
5 1.32 034372 1.32 049140
.040008 037712
6 1.7% 027844 1.76 .034920
.022248 036266
—_—
Sums (s) 8.74 .193928 8.74 .253084
——— -
Sx? sy? 13.01 .006502 13,01 .011008
—— ——
Sxy 275942 «362555
\

# See Figure 15
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TABLEs V1ie

Test of Significance of Adjusted Group leans for the Three Higher
Degrees of hiotivation for Uperator 1 Operation B

Jegrees
of
Source Sumn of Squares Freadom ¥ean Scuare
Comnon Slope .0000C272 1 .000C0202
IResidual 00027598 8 0003485

F = .00000202 = 0,05825
LU0003L85

% See Firure 15
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T«BLE VIIIa

Degree of Motivation versus Performance Time for tne Three Lower
Levels of kotivation for Operator 2 Operation A

Least Skilled Elements lost 3Skilled “lements

Degree of Jegree of
ilepresentative Ferformance Hepresentative Performance

I<otivation (or Averapge; Time for the (or Average, Time for the

Level Motivation Two Elements lotivation Two Elements
(x) ) (x) 9)
1 1.00 ,039620 1.00 . 100664
032000 .076228
2 1.05 .051012 1.05 078244,
L0753C4 050764
3 1.18 .035132 1.18 .056521,
093648 L076602
\ —
Sums (3) 6,46 386716 b 46 479326
—_— o
Sx® o 6.59 .028311 6.95 .G39427
\
Sxy 414212 .511739
\

* See Figure 13



TaBLy IXa

Least Skilled wlements

Degree of

C~
I~

Degree of Motivation versus Ferformance Time for the Three Higher
Levels of Motivation for Operator 2 Operation A

Most Skilled Elements

Degree of
Representative Ferformance Representative

Performance

Yotivation (or Average) Time for the (or Averare) Time for the
Level Motivation Two Elements Notivation Two Zlements
— (x) (¥) (x) ()
4L 1,22 .052388 1.22 057784
079554 063568
5 1.42 LOL7572 1.42 .04L2232
075262 .052C08
6 1.47 .029308 1.47 L1344
.070720 . 068940
Sums  (8) 8.22 35L844 8.22 .325876
sz 2 -
Sy 11.33 .022867 11.33 .018330
Sxy 482489 443988
X

* See Figure
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Tafili, VIIXc

Test of Significance of Adjusted Group kecans for the Three Lower
Degrees of Motivation for Operator 2 Cperation A

Degrees
of
Source Sum of Squares Freedom liean Square
Common Slope .00021872 1 .00021872
Residual 00451562 8 00050645

F = ,00021872 = 0,43250
.0CC5COL5

% See Fifure 13
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TABLE Xa

Degree of Motivation versus trerformance Time for the Three Lower
Levels of Motivation for Operator 2 Operation B

Least Skilled Elements Most Skilled rlements
Degree of Degree of
Xepresentative Ferformance Representative Ferformance
Hiotivation {or Average) Time for the (or Average) Time for the
Level Motivation Two Elements Motivation Two Elements
(x) () (x) ()
1 1.00 0516476 1.00 .075132
.049876 .032100
2 1.20 .038232 1.2C LOL860L
040256 047420
3 1.25 042456 1.25 .051136
.027596 L04L524LC
Sums (s) 6.90 .250092 6.90 .2569632
\
2
Sx sy% 8.0C .01080L 8.00 .C15948
_—
Sxy .283303 342931
—_——

#* See Figure 16
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TeBlx XIa

Degree of Motivation versus Performance Time for the Three Higher
Levels of kotivation for Operator 2 Operation B

Least Skilled tlements Most Skilled Lklements
Legree of Degree of
lerresentative Performance Hepresentative Ferformance
Motivation (or Average, Time for the (or Average) Time for the
Level ¥otivation Two BElements lotivation Two Zlements
(x) (y) (x) (y)
4 1.37 .033992 1.37 040648
034996 i .033168
5 1.45 031244 1.45 .031992
.030788 .050124
6 1.65 .035628 1.65 .031580
.02G680 .0297556
—_—
Sums (s) 8.94 .201328 8,94 .222308
———
Sx2 5y2 13.40 .005319 13.40 .0CES31
\
Sxy .299068 .328305
_ ) B

% See Figure 16
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Tnl:le Xc

Test of Significance of Adjusted Group ireans for the Three Lower
Lefrees of Motivation for Op:zrator 2 Operation B

Derrees
of
Source Sum _of Suuares Freedom l.ean Square
Comnon Slope LOO0C5043 1l .00L050L3
itesiiual .00106195 8 .00013274

F = .0C005043 = 0.327G99
LOC0L3274

#% See Figure 16
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