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The intent of this studv was to survey opinions of
producing managers and industrial engineers concerning
several aspects of productivity. The survey was conducted
by means of a guestionnaire. The number of questionnaires
administered was 540. Useful responses were 145 (27%).

In addition to English, there were versions of the
guestionnaire in Spanish, French, and Servo-Croatian.
Besides the United States, they were sent to Mexico, Japan,
Korea, France, Yugoslavia, and England.

The answers to the questionnaire indicated that an
equal interest existed between the respondents and their
organizations with respect to their concern on productivity
measurement and improvement programs.

One of the main topics of interest in this research
was the estimation of the importance given to the achieve-

ment of four proposed goals ("Efficiency", "Effectiveness”,



"performance", "Vitality"). The results indicated that the
preferences varied with the type of organization involved.
The non-profit organizations gave equal preference to the
four goals, whereas the profit organizations gave a slight
preference to the achievement of the goal, "Efficiency".

An investigation was also made to determine what
tactics were most suitable to achieve the four previously
mentioned goals. The preferences varied, again, with the
type of organization. The non-profit organizations tended
to use tactics which included more human participation,
whereas the profit organizations preferred tactics which
were more related to technical factors.

An estimation of the effect of the tactics on the
goals was performed. For the profit organizations, the
effect of the tactic "Machines” was noteworthy. The re-
sults indicated that, although there was a high expectation
to increase "Efficiency", there was also a considerable
expectation of decreasing the organizations' vitality.

Another aim of this work was to inguire into the pref-
erence of the respondents for the use of productivity
ratios in three promising areas of application (i.e. evalu-
ation of capital investment proposals, control of
operations, achievement of social objectives). The most
promising areas were the control of operations and the

evaluation of capital investment proposals.



There existed a difference of opinion concerning the
consideration of mandatory capital investments in produc-
tivity measurements. Almost half of the respondents
suggested to consider those investments in a different
form, while others suggested the contrary.

The respondents showed a slight preference about the
opinion that a wage increase should be granted when an in-
crease in productivity occurred. An analysis of variance
indicated that differences of opinion existed among three
criteria (i.e. the respondents' criterion, the organiza-
tions' criterion, and the criterion based on a strict
analysis of data) concerning the sharing of productivity
gains. The main differences occurred with respect to the
percentage of productivity earnings that should be retained
in the organization.

In summary, results of the survey indicate the cur-
rent thinking of practitioners, representing a broad
spectrum of organizations, toward productivity improvement
and how productivity considerations should influence man-

agement decision making.



Prevailing Opinions about Productivity
Performance and Improvement

by

Carlos G. Anaya-Sanchez

A THESIS
submitted to

Oregon State University

in partial fulfillment of
the requirements for the
degree of
Master of Science

Commencement June 1980



APPROVED:

Redacted for Privacy

Professor of Industirial andfGeneraviEngineering
in charge of major

Redacted for Privacy

Head of Department of Industrial and General
Engineefing

Redacted for Privacy

Dean of Graduate gbvuu; |

Date thesis 1s presented SeinFeedios Dl 1924
- ;

Typed by Linda S. Crooks for Carlos G. Anaya-Sanchez




IT.

ITI.

IV.

TABLE OF CONTENTS

IntrodUCtion. « v v ittt ittt sstetnetoesoesesoasnasanas
Literature ReVieW......uoeieeeeeeteeoooesosnansens
1. Introduction......ceeueeieeeneioeneenanonncnns
2. Productivity Concept......ciiieeninnnneeennn
A. Productivity Definitions..........ccce0..
B. Effectiveness and Efficiency Definitions.
C. COommentS...eieeeeetieteseeanoosacnsnsonnsas
3. Improving Productivity Techniques............
Ratings of Qutcomes. .. ...t ittt it ioeneenenanns
1. Introduction.......ieuieieeieeeeeneanannaonanns
2. ReSULLS. ...ttt eennnenneasenasnsncssanasassss
3. COmMMEeNtS ..o eeeieteieeotensoesoasconassanes
A. About Factors Which Influenced the
RatingsS ..o vttt ii i i ii e i iieniennaacanans
B. 2About the RatingsS.......eie e eseencnoans
C. About the Application of the Results.....
Ranking of TacticS. . vt iiiiienneennseanananas
1. Introduction.......eeeieinieeieneineenennananans
2. ReSULLS. ...t .iieeeieenneetennsnnaconsansanacas
3. COMMENtES...eieeeeeesesetasosoncnsssnsssaseses
A. About Factors Affecting the Ranking......
B. About the Ranking of the Tactics.........
C. About the Interaction of Tactics and
€7 - 10 1= S
D. About the Involvement of the Respondents
in Productivity Improvement Programs.....

Auxiliary Productivity Ratios for Investment
Proposals, Controlling Operations, and Attaining
Social ObjectivesS. ..ottt tieeeeneennncasaanssa
1. Introduction........eieeeenieneernnnsnnneenns
2. Analysis of the Ratios Proposed in the
QUESEIONNAIT . ¢ v vt v vt e v o aosasscasansecnssosas
A. Presentation of Results.........ccvveu...
B. Analysis of Results........ioiveeeeennn
C. Overall AnalySiS....ceeeeeeeesonconoenons
3. Analysis of the Ratios Suggested by the
Respondents. ..t it eeeeeeeeesenaseconosnsnsesa
A. Presentation of Results..........coicu...
B. Analysis o0f Results........ciuiiieinnnnnnn.
4. References of Possible Methods to Use in the
Evaluation of Capital Investment Proposals
Using Productivity Ratios.........eveevuun...
5. SUMMAL Y ¢ o ¢ s e s s s s asosesassoonscasesssacesasssas



VI.

VII.

Sharing of Productivity Gains..............

1.
2.

Question.....eeeeeeen.

A,
B.
C.

A.
B.
cC.

A.
B.
C.

Results.....
Comments. ...

General Conclusions.
Bibliography........
AppendiX..eoeeueenn.

-

-

-

-

-

-

-

-

-

Description......
Results..........
Comments.........
Analysis of the Second Question.
Introduction.......ceeeuuiun..
Results..... .ot enennn
Comments. ..ot ieenneenns
Analysis of the Third Question.
Introduction.....eeeeeeenn.

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

Introduction. ...ttt iineeeeenennnnnn
Analysis of the Responses to the First

e e o o o

-

-

-

-

-

-

-

-

-

-

-

-

-

57
57

61
61
62
63
66
66
66
67
68
68
69
73

75
79
82



Figure

I.1

III.1
V.1l

V.2

VI.1
VI.2
VI.3
VI.4
VI.5
VI.6
vVIi.7
A.l

A.2

A.3

A.4

LIST OF ILLUSTRATIONS

Page One of the Questionnaire.................
Page Two of the Questionnaire.................
Page Three of the Questionnaire...............
Page Four of the Questionnaire................
Differences in the meaning of productivity as
interpreted by unions and management (from

Katzell et al., 1975) ..t iere e ereecnnnnsanns

Cost reduction areas and suggested solutions
(from Reed, 1976) ¢ v vttt tieeeeensnseoannnonnas

Information system......c.outitiiieneeenncnnnnns
Feed-Back control system......cooeievienneeannn

Feed-Back control system applied to pro-
ductivity measurement..........cceeiiiieiiaaenan

Net Output versus Time.....oeeeeeeeennnnoceens
Labor Input versus TiMe......uoeeereeeeeeaennns
Capital Input versus TiMe.....oeeeeneeocennnns
(Capital & Labor) Input versus Time...........
Labor Productivity versus Time€.......ceeeeec.s
Capital Productivity versus Time€.....ceoeeeuo.
Total Productivity versus TiMe......oeeeeeaens
Page One of the Questionnaire.................
Page Two of the Questionnaire.........c.eee...
Page Three of the Questionnaire...............

Page Four of the Questionnaire................



Table

I.1

IIT.

ITI.

ITI.

ITI.

Iv.

IV.

IV.

V.1

VI.

VI.

VI.

LIST OF TABLES

Page

Classification of Respondents.......cevueuu.. 5
Critical Values for the F Test....evveenneenn. 25
Confidence Interval for the Mean Ratings of

the Goals. ... .ottt ittt ittt nennnns 26
Analysis of Variance of the Goal Ratings by

the Non-profit Organizations..........cciuuu.. 27
Analysis of Variance of the Goal Rating by

the Prcfit Organizations........ieiiieninnnnn. 28
Critical Values for the F Test.....cvvieuvenn. 35
Confidence Intervals for the Mean Ranking of

the Tactics. ...ttt i it iie e 36
Tactics Effect on the Achievement of Goals.... 39

Mean (x) and Sample Standard Deviation (s) for
the Rating Given to the Proposed Tactics...... 46

Confidence Intervals for the Ratings Given to
Five Proposed Ratios (a = 0.05) .....0cvvuunnn 47

Mean, Standard Deviation, and Coanfidence
Intervals of the Ratings Given to the Ratios
Proposed by the Respondents..........ciiuivu... 50

Anova Table......iii ittt einoeeeeannnnn 70
Mean (X) and Sample Standard Deviation (S) of

the Percentage Granted to the Different

Parties by the Three Criteria..........c.vueu.. 71
Confidence Intervals (a = 0.05) of the
Percentages Granted to the Different Parties

by the Three Criteria.......ciiviiiiieennnnn.. 72

Tukey Test Results (¢ = 0.05)....civieeennnnns 91

Il
o
o
w
O
=

Tukey Test Results (a



PREVAILING OPINIONS ABOUT PRODUCTIVITY
PERFORMANCE AND IMPROVEMENT

I. INTRODUCTION

The subject of this opus is the analysis of the re-

sponses to a survey dealing with several topics about

productivity. The goals of the survey were:

1.

3.

To see if there was a difference in the degree of in-

volvement of the respondents and their organizations

in productivity measurement and improvement programs

(Chapter 1IV).

a)

To ascertain the importance given to four groups
of proposed goals that are sought when a produc-
tivity improvement is pursued, and to investigate
if some factors, such as the type and size of the
respondents' organizations, influenced the ratings
(Chapter III).

To know the respondent preference given to six pro-
posed tactics in accordance with their promise to
improve productivity, and to determine if some
factors, such as size and type of the organization,
influenced the ranking of the tactics (Chapter IV).
To inquire into what effect the implementation of
six suggested tactics will have on the four pro-

posed goals (Chapter IV).

To inguire into the preference of the respondents for

the use of productivity ratios in three promising



2

areas of application and to account for some suggested

ratios that could have been appropriate for the

respondents' organizations (Chapter V).

4. a) To observe the opinions of the respondents con-
cerning the distribution of productivity gains
(Chapter VI).

b) To investigate how mandatory capital investments
producing social benefits should be related to the
measurement of productivity (Chapter VI).

c) To determine if there existed a difference of
opinion among three criteria (i.e. the respondents'
criterion, the organizations' criterion, and the
criterion based on a strict analysis of data con-
cerning the sharing of productivity gains
(Chapter VI).

The survey was conducted by means of a questionnaire.l

In addition to English, there were also versions of the
guestionnaire in Spanish, French, and Servo-Croatian.

These questionnaires were sent to 540 individuals. Of
these, only 145 persons correctly responded to the question-
naire. This represents the 27% of the total responses.

The sample was drawn, mainly, from a directory of

people attending a symposium on productivity. Other

l(A copy is included at the end of the chapter.)

2This percentage could be considered quite high when it is
taken into account that the questionnaire took about two
hours to complete.



respondents were former students from the department of
Industrial and General Engineering at Oregon State Univer-
sity, as well as persons whom either the author or his
advisor, Dr. James L. Riggs, thought might be interested
in participating.

For the analysis, the responses were classified with
respect to three factors: Type of respondents' organiza-
tions, size of respondents' organizations, and the
respondents' business position. The different categories

for these factors are presented next:

Factor: Size of the organization
Let x represent the number of employees.
Level 1: Size 1 x < 100
Sl
Size 2 100 < x < 1000
Level 2: Size 3 1000 < x < 10,000:}
S2

Size 4 x > 106,000

Factor: Type of organization

Level 1: H: Health institution
e . : NON-
ES: Education and Service PROFIT
GOV: Government
Level 2: IND: Industry (mining, fishing,
manufacturing, etc.) PROFIT

RC: Retail and commerce



Blocking factor: Position of the respondent in the
organization

Level 1: LL: Low level management

SE: Self employed
INDEPENDENT

IP: Independent
OT: Other _

Level 2: Ml: Medium level management

Level 3: S8S: Staff specialist

Level 4: TM: Top management

It should be noted that the organizations in the first
level of the factor "Type of organization" were those which
were more non-profit oriented. The ones in the second
level were more profit oriented.

Taking into consideration these factors and their
levels, a three-way classification of the respondents is
presented in Table I. 1. A sample of the guestionnaire is

presented next.



TABLE I.l. CLASSIFICATION OF RESPONDENTS

Type of BUSINESS STATUS *
Organization Size Independent Medium Level Staff Top Management
Non-Profit Sl 9 6 4 5
52 3 5 9 4
Profit Sl 8 11 7 11
S2 7 25 19 10

S1 1 < Employees < 1000
S2 Employees > 1000
*

Two respondents did not give enough information to be classified.



i -ay 1977
Decartment of N
INDUSTRIAL TXGINEERING .
Corvallis, Cregea 3733 .
United States of America .
Telepnone [3N2) 754-4643 .
Qear Sir: .

""'""""""-"""'t
You are deing 3isked %0 participatz in 3 worléwide survey asout aroductivity. [ts ourgose is
to cetermine tne current methods amolayed in sroducsivity inalysis ang the uses rade f the
productivity measures. The survey is casigned 0 ao%2in reprasentative views frem qifferent
areas of manacement, classes aof arganization, and tyces of culture. Results of the survey
will he reportss at the [nternational Sreductivity Congress %o e heid nex:t Saptemuer in
Australia. Your reply s imporianc:

There are just fcur 2ages in the survey. Pleasa inswer the questians zzmoletely ind thought-
fully, especisaliy thosa tnat rely an subjective judgment. A stamped, acdressed enveioce is
enclosed far your reply. [¥ you have further jnguires or comments, 1irect them 2 Jr. James
L. Riggs 2t wne lerterhead address.

Your cromot resly will e greatly aopreciated, and we will Se sleased 2 sand you 3 summa ry
of the survey resulis if you check tne 20x leiaw. Thank you.

_ -
T Send survey results to  —address asove . 3ther address

DATA ABQUT RESPCNOENT
1. The fype 2f srzanization in which you work_js mast clasely descrided as

- Vational jovernment = Manufacturing/Mining Industry
- State/local government ~Agriculture/Timser/fishing
__Health/Educazion/Service _ Retail/Commercial/Transoortation

7. Numoer of Jecole employed in =he arganizacion with w«hich you are ncw 3ssociated (i€ ¢
1s a govemrent agency ar 3 Ianglsmerata industry, reoors she size of <he unit, Jivision
or Sranca for whica productivity cata woulq be rasorted) is

‘—unger 1€0 101 to 1800 5001 te 10.70 TJaver 10.00C0
Commen?ts
3. Catedory Tnat tost closaly Gescrifes your current sesizicn_ts
- Se1f-emrolcyed middle-level managar _staff scecialist
- 200 management lower-level manager i line operator
_ indegendent prcfessional __Qther
4. Circle sne numder of years of formai educaticn you nave
55759&011121314‘.51617!81920*
grade schcol’ high school’ coilege ! pest graduate !

5. To wnat extant nas your organization emohasized productivity measursment and imsrovemens
arograms, and =3 what extent have you Daen sersonally fnvolved (Mark with in z on Ine
scale delow the arjanizational amonasis, ind with 3 Y the axient of your sersonal involve-

ment. )

dpgraximate Vaasyrements Exsansive Measyrsments
R34 Jus® " racs dut =ace ing 'V race zut not rage ind 10-
used rentioned not usad utilized widely 200iiad 2lied vitorgusly
Q \ A 3 4 3 5 7 8 3 )
Comments

Figure I.1 Page One of the Questionnaire.



SELECTION OF OPERATIONAL CHANGES
T0 IMPROVE PROCUCTIVITY
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usually the result of intentional operational i;- Q- 2283z FIE3Lz=y=
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currant operations, c&rtain changes are more g =8 m ey & ‘;%:‘f 32
likely to result in improvement than others. : 5 s :,5 2&3 3 3 gg,i 3 2
Scenarig: Your organizatiogn is about to initiaze S 532250 %3 Sa %D
proguctivity-improvement plans. Several target g,%’gggggzzggggggz
activities ana cotential gutcomes are identified mEANSR53E 24T T33,
in the matrix beicw. 7You have been asked 0 rank s 2 z ST 225 3% 2=
or rate the targets according to their promise 2 85_ vz, 32Xz £3°
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CHAKGE TARGET

YACHINES: Rasiace manual labor by macnines, get
fasrar ar tgre ~alianle equisment [aytcratel.
YANAGEMENT: 2atstar coorginaticn and sudgeting,
mare inssiring laszersnin {mosivate).

PROCIISES: [mprave scneduiing ind raterial “low,
more dcoyrage-fista- 2ata Flow {comouterize).

Q Q.
WQRX DESIGM: Mesify joo conteat, im~rove work O O . 8".- B
mezhods, retrain agrkers fenrigh inos) _

INY[RCMMENT: “Macer safer or more pieasant worke

ing canaitions, regrganize serucsure !innovatel.
220GRAMS:  Raisa say, revise golicies, try
soal-sarsing ‘M3Q) gragrams !all sarticicate). '

QUTCCME JATINGS on 1 throuugh 10 scale -

d4rections 2ar Lammleting ibgve matrix: (Make an entry in every call 97 the matrix.)

]
/'(méé‘(
L om0d YN

) Aq pdredypuy
bugaayyae u|\

=)l
ed

0 Yo
syobiavy Jo $S30INS Jjgequay

Target Ranking - 3ank change targets in a 1 to § order of their arobaola suczass in imoroving
productivity in your present organization. 3Sase rankings an wnhat nds worked for you or what

you believe would work. 1 is the best and & is the worst.

Target 3r Outedse elacionshis - [ndicate the procable effect cn each outscme of the
implarentation cf sacn change. [n =ach drclein-er: one 3¢ the following symegols.
(#) cnange wil] nave a zosizive effsct on tha actzcme; likaly successful
-) cossidle ~egative affect on outecme :
{0} crange smouiz nave 10 effect gr there is azual likelinood of aither 3 positive
or negative 2ffect on the oytcame.

Qutcome datings - Sata the value of eacn outcome in producing 2 measuradle improvement in
productivisy. 3alecs ime rating for each frem 1 tnraugn 10 2ccorzing i3 tne scale beliow.

Sroductivity May produce Certain o May raise Zartain o
dacreases ar 3 small ime make a3 smal) productivity yield large
is uncnanzed provement improvement significantly imorovement
1 2 3 4 H g 7 8 El 10
.. ;

Figure I.2 Page Two of the Questionnaire.



AUXILLIARY PRCOUCTIVITY RATIOS FOR EVALUATING [NVESTMENT PRCPOSALS
CONTROLLING OPSRATIONS, AND ATTAINING SOCIAL Q8JECTIVES

Perspective: Productivity has traditionally measured the output of goods with ressect 0 2n
Tnput of production, usuaily workers hours. The purpose of the comparison is to detect changes
in ratio levels and relate them to their causes. Productivity Teasurements also establiisn dases
to roughly compare operations in various sectors of the national economy and in equivalent
operations in other countries.

3oth the types of productivity measurements and their uses can be extended. Auxilliary
productivity ratios, such as “Safety Productivity”’ wnicn could rejate the cost of injuriaes 20
hours worked, can supplement existing critaria for decision making. Three areas of application
appear promising:

1. tyaluagion of 23pital irvestment progosals - ratios %o suoplement the “neft-income/amount-
invested” criterion o rate ssecific jains expectad from an investmenl.

2. Contrgl of gparations - ratios o suppiement Droc2ss efficiency measures that can provide
early warnings or ruture odserational aifficuities.

3. Achievement of sccial sbiectives - supplements to th "senefit/cost® ¢ritericn that
define and rate now weil a project satisfies conditicns deemed desiraple far tne weifare of
saciaty.

Scenarig: You are developing supplementary productivity ratios o use in yeur surrent irea of
worx. The aim in generating new ratios is to imorove invesiment decisions (I}, qgaracional
cgnerl {C), and general weifare satisfaction (S). Five suggested ratios are given and these
3re To De rated with resoect to their vaiue cor each of the potential usas (1, 2, and S) in
your organization. Also, define and rate other sroductivity ratios snat you ‘eei «Ouid ce
icorocriate. For axample, a ratio approgriatz t3 2 delfvery sarvice would ze “amount delivered/
.2l consumed.” and it cauld de rated as very iroorzint in ceciding wnich vehicle to favest in,
less imgortant for rating the performance of venicles in ogeration, and guite impertant as 2
measure of a national drive to cut gasoline cansumption.

Jirecsions: Rat2 each sroductivity ratio as to its value in each use (1, &, ind S} in your
ny0e of wark. Oevelop and rata additional ratics that you fee] would e usafuyl. Make the |}
et

20 13 ratings according to tne scale delow (Intar J if the ratio is not valid fer an acplication
in your organization).

Cecaptive indi- Aoorgpriate Measyres fact- [moortant indica- yital measure
zator of valus Cansideration ors or intarest tor of achiavemant of criticalicy
L 2 3 4 s 5 ? 2 2 i9
_ —  JeeTication Areas
Produgtivity Ratig Qescrigtion LI (Ll (s} .

Seliing arice of units, minus materials i i
and csmoonents to produce the units, )
cempared o equivalent numper Of full- i ' |
time emolovees of she orzanization. : :
Comparibie amounts of outout {equivaient, :
value units) per energy input measured .
in ecuivaient standardized units.

. om o n . (mp) | FRTSIN-A0UTS of Jroductive time scent

NS 5;2{2;:; 2gurs ;:::ed ;5:3: on assignea work omgzred %0 3tal

’ - N ! Agurs far wnich wazes were 23id,
“aterisl , Material in Ordyct E émouns cf 3 ::r:ain Eype‘qf material ' : '
ratio Total Material Sugoiied! -nat s tctualiy in the findl oroduct, , :
. or amount wnat is racycled from prior ! ' i
or _Recycled Material Usad ' usa, comoared %o the total amount of :

Tota) Material Supplied  *hat material consurmed in sroducing X : !
| the graduct, ' i :
" Uni{ts tnat measure 3 sociaily de- : :
Social _ Social Chiactives{i ar 5)! siradle congition, such 35 convert- ' ' i
razio ~ Sales or 3uagat (4 or s) ible zurrency 2arned or ainority : ) '
workers emoloyed, ¢ompared 0 the : i
amount of activity 3s measured dy ' !
the outout or gperating dudget of , : :
' the unit, : _ )

Enployment _ falue 3dced (s)
ratio Pegple employed (4)

Inergy _ Units Produced 4}
ratio  &nergy useg (kw-nr)

FPigure I.3 Page Three of the Questionnaire.



Productivity Ratio | Description

{1y (c) (8

{Otnher Productivity Ratio)

(Another Produstivity Ratio]

PRODUCTIVITY AMALYSIS

Jerspective: [t is recognized that productivity ratios 4o no% necessarily reflect the
afficiency af operations, do not provide reliable comparisons over 3 sjan 3f years, ind

10 net always raveai the 2ffec? of {ndividual input ¢r Qutlut comoonents.

tne ratios still influence managerial decisions.

leverthelass,

jcenarig: Your organization has 31 groductivity satiemn,correctad o A dase-year incex,
snown in the taple delew. Assume that net trofif incr2aseq 4t 2 commensyrata rate with
rotal productivity gains 2ach year. {Also assume the national inflation rate is 2ero.;

1374 change

et outout {1) 100
abor  input {2) 50
sapital  imput (3) 40
.abar productivity (1) + (2 2.9
lapital srocuczivity (1) + (3) 2.5
Total progucsivisy (1) ¢ (2 + 3) 1.1

153
d

287,

fwe

15%
-3%
43

1. s the increase in tatal productivity from 1974 %o 1973, at ao increase in lador input,

sufficient reason tO jrant 2 wage increasa to workers?
{f yes, acout nhow large an inr-aase is reasonadie? ___

Cerments

1878 change 1374
i1 13% 30

S0 149 37

3 1% 22
2.3 Q 2.3
2.3 3% 2.35%
1.15 3 1.19
—1 Yes [ Mo

2. If the decrease in zapital productivity resultad from a mandatary capital invesiment
to confarm 23 4 new law restricting Joiluticm, snould¢ this social denefit te recognizeq

differently in tne productivity meascre? i e
[f yes, how?

H

3. Who snould Senefit fram taa 4% gain in 13
that year should Je distrituzed %2 each o

... an unbiasad 2nalysis '
of data would likely a9

7
f

—— 22 C2ASUDETrS % %0 cansumers
— T D workers — e 0 WOrkers
—_— i TO owners ———— + 0 Owners

. retainea in ——  retaired in

100z Organizaticn 100¢ Orjanizaticn

lsmments

... what your organization

5?7 'What percsntage of the :atal srafit far
the following arties, 5ased an...

... your personal spinicn

o
o
ak

ot 3L LT 2l

%0 consumers
0 worxers
20 Jwners
retained in
orzanizaticn
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IT. LITERATURE REVIEW

Introduction

The creation of more jobs and better utilization of
scarce resources are demands that can be satisfied by in-
creasing productivity. The fulfillment of these demands
will bring, as a consequence, a stronger position in the
international market and a better standard of living. These
are desirable natural goals as delineated by De Witt (1976)
and Ké%lbeck (1975). The second author indicated in his
article that, "A basic problem in the U.S. is that the rate
of growth of productivity is less than most other major
countries of the world." He indicates that some of the
causes of this situation are mainly three factors: lagging
outlays in research and development; paucity of capital
investment for the purchase of new machinery; and the costly
federél regulations for environmental and safety factors.

The previously mentioned benefits derived from in-
creases in productivity and the decreasing current trends
in productivity growth are good reasons for greater concern
about means to raise productivity and explain the increased
emphasis devoted to productivity research.

Some comments about an excerpt of what has been pre-
sented on the productivity literature are shown in this
chapter. The discussion includes the following topics: a)
the productivity concept; b) tactics to improve productiv-

ity.



Productivity Concept

Aa) Productivity Definitions
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Productivity is an amorphous concept as Eilon et al.

(1976) establish. Several quotations are presented next

to show different points of view about this concept.

"Productivity means that balance between

all factors of production that will give

the greatest outpg} for the smallest effort."
P. Drucker (1973)+

\fﬁﬂProductivity expresses the relationship
“~between goal achievement (output) and resources

expended (input)" H. B. Thorreli (1960).

“"For productivity is the power to produce
economic goods and services. Productivity
may be the relation between the total out-
put and input of a period, or it may be the
relation between the increment in output
associated with the addition of one unit of

a given factor of production, that is, it

may be 'average' or 'marginal'" S. Fabricant

~ (Dunlop 1970).

"The simple definition of productivity is
that is the relationship of some volume of
output to a volume of input...They (produc-
tivity ratios) do not measure the volume of
production; they do not indicate how hard
anyone works. Productivity is a measure of
the use of resources or of the degree of
their use. It is often an indicator, but
not identical to, a measure of efficiency"”

. Leon Breenberg, Industrial Relations Research

Association (1975).

"Productivity - the ratio of some measure

of output to some measure of input, is
usually attributed to the improved efficiency
of some specific resource such as capital,
money, materials, or technology” J. E. Ross
(1977) .
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"Productivity is a measure of production
/% efficiency; a ratio between output & input”
Gordon McBeath (1974).

"Productivity is defined for our purposes
J;.as output per employee hour, quality consid-
“ered" Sutermeister (1976).

"Productivity is defined as the ratio of per-
formance toward organizational objectives to
. the totality of output parameter” W. T.
“ Stewart (1978).

"Productivity is the magnitude of productive-
ness; the amount of goods & services produced
r. by a unit of a productive factor in a specific
~ period of time, or the average amount of goods
and services produced by a unit of the pro-
ductive factor in a specific period of time"
W. Fenske (1965).

.. "Productivity, therefore, is concerned with
Y /how well we achieve our objectives and the
total resources required to achieve them"
F.E. Cotton (1976).

."The most commonly used definition of pro-
‘ductivity is real output per hour of work.
Productivity in this sense is a rough measure
of the effectiveness with which we use our
most important resource" H. Stein (1971).

|Comic strip by Tim Downs redacted. Do not have permission to use.

P A'survey concerned with work productivity and job

satisfaction was reported in 1975 by R. A. Katzell et al.

(1975), from New York University. They sent questionnaires


blackp
Text Box
Comic strip by Tim Downs redacted.  Do not have permission to use.
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to 2450 chief executives and to 950 industrial relations

offices listed in the American Management Association.

The overall rate of return was 16%. Besides, question-
naires were sent to union leaders who were enumerated in

the Directory of National Unions and Employee Associations.

Among the formulated inquiries was:

"Please tell us what you yourself mean by "productiv-
ity" by indicating whether you AGREE or DISAGREE with each
of the following statements."

The results obtained by Katzell et al. are reported

in Figure II.1l.
B) Effectiveness and Efficiency Definitions

"Effectiveness" and "efficiency" were terms that were
frequently used in the previous quotations about productiv-
ity. Sometimes they were considered as its synonym. Some
definitions of these terms are:

\ Effectiveness, as established by Thorreli (1960), is
"The adequacy of an organizations' programs and thus per-
tains to the degree of goal attainment."

F. E. Cotton (1976) defines this concept as the extent
to which the objectives are reached or needs are met.

Efficiency, the other previously mentioned concept,
is élucidated by Thorreli (1960) as "...The ratio of the

results actually obtained with the available resources to

the maximum results possible with these same resources."



Meaning of Productivity

"please tell us what you yourself mean b/ ‘preductivity' by indicz txn,
whether you AGREE or DISAGREE with each of the following statements.’

% Agreeing

Lnions Manacssent
S o

Productivity means qualitv of cutput as well

as guantity. €0 gs

Productivity rafers to the ouiput per men

hour in any one company or organizztion. 77 8¢

Proeductivity means the overall efficiency

and effectiveness of the operation. 84 83

Productivity 1ncludes such intangidbles as

disruptions, “shrinkage, " sabotage, and dther

indicators of trouble in the organization,

gven when their impact on cutgut cannot de

measured easily. 85 73

Preductivity includes such factsrs as rate of

absenteeism and turnover as well as measures

of output. 70 70

Productivity includes measures of custcmer

or client satisfaction 48 64

Praductivity includes such 1ntangib1es as

employee loyalty, morale and job satisfaction. 57 33

Productivity refers to the ratio of output to

input by industry or saction of the economy,

not by individual organization. 30 22

Figure II.1l. Differences in the meaning of productivity

interpreted by union and management (From
Katzell et al., 1975).
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"A ratio of output to input" is the simple definition

n
‘et al. (1976) is that "Efficiency is the relationship

y F. E. Cotton (1976). The definition of B. Gold, Eilon

between the actual and the potential output for any
process."

The definitions of effectiveness presented here can be
considered as equivalent, but those about efficiency only
agree in the case of the ones presented by Thorreli and Gold.
These two differ from the one from Cotton. The latter just
defines efficiency as the ratio of output to input, but the
former compare output to an attainable standard. As it is
established by Thorreli, this standard is often to be
determined in the fields of natural science; but it is
generallyyimpracticable about a business phenomenon. 1In
his articiéuhe quotes H. A. Simon (1957), who mentions that
the standard to which output is referred is difficult to
establish in Social Sciences because there does not exist
a law of conservation of energy which prevents the output

from exceeding the input.
C) Comments

It was remarked in Section B that there were differ-
ences in the definitions of the terms "Efficiency" and
"Effectiveness". Therefore, it should also be expected
that some differences of opinion about the definition of
productivity would exist. Some comments regarding these

discrepancies in criterion are presented next:
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As it can be noticed, the definitions of Cotton, Thor-
relli, and Stewart have more tendency to match the
definition of effectiveness. They define productivity as
related to the achievement of goals.

The most common tendency found in the definitions is
that productivity is a ratio of output to input. This can
be noticed in the definitions by Mark, Fabricant, Green-
berg, J. E. Ross, McBeath, Stewart, and Thorreli. The
definitions of Stewart and Thorreli include both tendencies
in their definitions.

Also presenting the relation between output and input,
but in a more specific way, are the definitions of H.

Stein and Suttermeister that employ output/hour of work,
which is the most traditional ratio to measure productivity.
The reasons why this ratio is commonly used are stated by
L. Greenberg (13)E

"It is an important factor in estimating

future labor requirements, it is related

to wages and labor cost and to wage and

price control programs, and in demand. It

is also recommended...as a measure which

is more easily understood than the alter-
natives."
\(/\riticisms to the use of this ratio are stated by S.
Eildn et al. (1976):

"1l. Output per man-hour does not measure
productive efficiency as a whole, or
even the productive contributions of
labor.

2. Increases in output per man-hour may or
may not be desirable, and may or may
not reduce unit labor costs.

3. Even if increases in output per man-hours
are accompanied by only proportionate
increases in hourly wage rates, production
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costs are more likely to increase
than to remain unchanged in "capital-
dominate" industries, such as the
steel industries.”

Some contradictions can be found between the defini-
tions by Greenberg and McBeath. The former establishes
that, "... is often an indicator, but not identical to, a
measure of efficiency". The latter identifies a complete
relationship between productivity and efficiency as he

establishes: "Productivity is a measure of production

efficiency..."

Improving Productivity Techniques

Most of the approaches to obtain an increase in pro-
ductivity realize that to obtain better productivity, one
should try to improve both human and technological factors.
Nevertheless, it can be noticed in the different approaches
certain preference of the factors to modify.

The suggestions to an improvement by Reed Yi976) and
Norman and Bahir;%zl972) have more tendency to the techni-
cal factors. The efforts of these authors are mainly to
the reduction of costs. Their techniques are more closely
identified with the Scientific Management and Quantitative
Techniques.

Reed suggests a Pareto analysis for the improving of

productivity. His procedure is as follows:
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lst Identify and estimate avoidable costs.
2nd Establish problem priorities on the basis
of relative magnitude of the estimate
avoidable costs.
3rd To seek means to reduce the avoidable
costs in order of magnitude.
Some identified cost reduction areas and suggested
solutions are presented in Figure II.2Z2.
Norman éﬁéjBahiri (1972) suggest the next tactics of
productivity improvement.
1. Improve Costing Systems
2. Rationalization of Product Variety
3. Improve Production Scheduling and Control,
and inventory control.
4. Low cost Automation. Improve mechanical
handling and pre-tooling arrangements.
5. Study the economics of machining and group
technology.
6. Value engineering and analysis and improved
materials utilization.
7. Improve maintenance systems and replacement

policies.
\

wi o

To the contrary, the books by McBeath (1974), Roé;
o
{1977) and Suttefﬁéister (1976) have the tendency to have
more concentration of efforts on the human side in order

to improve productivity. Their approaches are more

identified with the managerial process and the behavioral
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process. Their suggestions for an improvement are: a
better communication among the personnel, increasing
motivation, a better delegation of power, etc. By the
same token, the study by Katzell (1975) is mainly con-

cerned with job satisfaction and motivation.
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III. RATINGS OF OUTCOMES

"The storm debate Atrides hears with joy

For heaven foretold the contest, when he trod
The marble threshold of the Delphic god,
Curious to learn the counsels of sky

Ere yet he loos'd the rage of war on Troy"

"The Iliad" by Homer.
Translated by Alexander Pope.

Introduction

An analysis of some of the material covered in the
second page of the questionnaire will be presented in
this chapter.

In that part of the questionnaire, the respondents
were asked to rate four proposed goals in accordance with

the following scale.

Produc- May pro- Certain May raise Certain
tivity duce a to make productive- to yield
decreases small a small ity sig- large

or is un- improve- improve- nificantly improve-
changed ment ment ment

1 2 3 4 5 6 7 8 9 10

The proposed goals were a cluster of several objec-
tives that organizations frequently attempt to fulfill to
improve productivity. They are:

IMPROVED EFFICIENCY: Lower total operating costs,

savings in labor and machine time, less waste of material,

fewer damages, less remake, etc.
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IMPROVED EFFECTIVENESS: Growth in total revenues and/

or profits, better decision making and communications,
better utilization of resources, etc.

HIGHER PERFORMANCE: Improve quality of output, in-

creased flexibility, fewer breakdowns and accidents, etc.

GREATER ORGANIZATIONAL VITALITY: More initiative and

involvement, more worker stability, greater cooperation
and job satisfaction, etc.

It should be noted that the respondents were asked to
rate the goals considering the organization's interests
rather than being more concerned about their own goals,
as was the case in the survey by Sirota and Greenwood
(1971) .

The purpose of the rating was to realize the impor-
tance given to the proposed goals and if some factors, such
as the type and size of the organization (number of em-
ployees), influenced the ratings. To accomplish these
purposes, confidence intervals of the mean ratings were

calculated and analyses of variance performed.

Results

An analysis of variance was performed for the ratings
of each of the proposed goals. The factors that were
considered were previously presented in Chapter I.

The two factor variables and the blocking variable

were considered to be fixed effects. The model tested



23
was a generalized randomized block design [Netter and
Wasserman (1974)1.

= T
p...+Ti+Yj+ﬂ + ( Y)ij+(rn)

Y3 5km K ij TOM g (Y ot
€jikm

bL... 1s a constant.

Ty Yj and T are constant subject to the restrictions.

(TY)ij’ (rn)jk, (Yn)jk, (ryn)ijk are constants subject
to the restrictions that the sums over any subscript are
zero.

sijk represents the random error term which is assumed
to be independent normally distributed, with mean 0 and

variance

i=1l,....yn; j=1,....,a; k=1,....,b; m=1,....,.

The analyses of variance were obtéined using the
statistical computer package SPSS, Nie et al. (1975).
Table III.1 shows the results of such analyses in a con-
densed form.

The 55% confidence intervals of the mean ratings are
presented in Table III.2 in accordance with the two levels
for the type of organization (Appendix section A.l). The
mean values were calculated using the statistical computer
package SPSS, Nie et al. (1975).

Some analyses of variance were performed for each type
of organization in order to test if there existed differ-
ences in the ratings given to the four goals. The model

used was an additive repeated measurements design where the
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four goals were ‘the treatments and the respondents were the
blocks, Netter et al. (1974, p. 747). The results of these
analyses are présented in Tables III.3 and III.A4.

In the case of the non-profit organizations, there
were no differences in the ratings of the goals at the
a = 0.05 and o = 0.10 level (Appendix section A.2). How-
ever, the F test was significant at the a = 0.10 level for
the profit organizations. Hence, a Tukey test of multi-
comparison was performed (Appendix section A.3). The
results of that test indicated that the goal "Efficiency"
received a slightly higher rating than the other goals. The
rating of the tactic "Effectiveness" was also slightly

higher than the goal "Vitality".



TABLE III.1. CRITICAL VALUES FOR THE F TEST

Source of Efficiency Effectiveness Performance Vitality
variation -DF F SF F SF F SF F SF

S 1 1.01 0.317 0.23 0.632 0.27 0.603 0.49 0.483
T 1 19.21 0.001% 1.14 0.287 1.00 0.320 0.31 0.581
P 3 1.34 0.266 0.38 0.767 1.08 0.362 0.86 0.463
S x T 1 0.19 0.667 0.67 0.415 0.27 0.607 0.17 0.683
S x P 3 0.49 0.690 0.06 0.982 0.32 0.814 1.30 0.279
T x P 3 0.45 0.714 0.53 0.664 0.06 0.980 1.17 0.322
S xTx P 3 0.19 0.901 0.32 0.809 0.40 0.754 1.25 0.297
ERROR 112 MSE 4.29 MSE 4.53 MSE 3.60 MSE 4.88
S = Size of the organization

T = Type of the organization

P = Organization position of the respondent

F = Calculated value for the F

SF = Significance of F test

SxT, SxP, TxP, SxTx P = Interaction of the factors

MSE = Error Mean Square

DF = Degrees of freedom

*Significant at the o

0.05 level

¥4



TABLE III.2. CONFIDENCE INTERVAL FOR THE MEAN RATINGS OF THE GOALS

FACTOR

LEVEL N EFFICIENCY EFFECTIVENESS PERFORMANCE VITALITY
Non-Profit 39 5.92 + 0.65 6.28 * 0.67 5.89 = 0.59 6.18 + 0.69
Profit 89 7.71 + 0.43 6.59 + 0.44 6.27 * 0.39 5.92 + 0.46

N
o

Sample Size
0.05

9¢
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ANALYSIS OF VARIANCE OF THE GOAL RATINGS BY
THE NON-PROFIT ORGANIZATIONS

Source of

Variation DF SS MS F
Goals 3 4.22 1.41 0.4132
Respondents 38 337.49 8.881 2.6045
Error 114 338.51 3.41

Total 155 680.22

DF Degrees of Freedom

SS
F
MS

F Value

Sum of Squares

Mean Sguares
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TABLE III.4. ANALYSIS OF VARIANCE OF THE GOAL RATING BY
THE PROFIT ORGANIZATIONS

Source of

Variation DF SS MS F
Goals 3 160.02 53.34 2.42
Respondents 88 5,419.06 20.53 0.93
Error 264 5,824.73 22.06

Total 355 11,403.81

DF = Degrees of Freedom

SS = Sum of Squares

MS = Mean Square

F = F Value
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Comments

A) About factors which influenced the ratings

The results in Table III.1l indicated that only in
the case of the goals identified as "Efficiency" was the
factor "Type of industry" to be influential on the ratings.
For the other goals, there was an agreement among the level
of the factors in their ratings. This means that the mean
rating given to "Efficiency" differs with the type of

industry.

B) About the ratings

The Tukey test showed that, at the o = 0.10 level,
the rating given to "Efficiency" by the profit organiza-
tions (around eight i.e. May raise productivity signifi-
cantly) was the highest. The rating given to
"Effectiveness" was slightly higher (6,5) than the one

for vitality (6).

C) About the application of the results

The information accumulated concerning the ratings
given to the different goals (the subject of this chapter)
and tactics (the subject of the next chapter) can be used
as an information system where the data input would be
the type and the size of the organization, and the output
would be the 95% confidence intervals of the mean ratings.

If more information is desired, the frequency of the
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responses could be presented also as an output (Figure

I1I1.1).
Size of Confidence inter-
Organization AN S vals of the Mean
Information Ratings.
OrTZ§§zzfion S System , Frequency Distri-
g - ’ 7 bution of the

Ratings.

Figure III.1l. Information System

The information provided by the system, based on
opinions of organizations with similar characteristics
(i.e. type and size), could be useful to managers, indus-
trial engineers, etc. who are trying to implement a
productivity program. The information provided by the
system could be used as an initial guideline of what could
be the convenient emphasis given to the goals and, also,
which tactics would be more suitable to implement.

The results presented in Table II1I.2 can be used as
the output of one of the aforementioned information sys-
tems. In this case, only the type of organization is used
as the input data since it was the factor which showed to
have influence in the ratings. The results can be inter-

preted as follows:

TYPE OF ORGANIZATION

Non-profit oriented Gives the same importance to
the achievement of the four

goals.
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Profit oriented Gives a slight priority to
the achievement of efficiency,
a little less to the achieve-
ment of effectiveness, and
slightly less to the achieve-
ment of performance and

vitality.
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IV. RANKING OF TACTICS

Introduction

This chapter is also concerned with the analysis of
some of the material of the second page of the question-
naire. The part of that section of the questionnaire that
is covered in this chapter is the ranking of six proposed
tactics in accordance with their promise to improve pro-
ductivity. The proposed tactics were the following:
Machines: Replace manual labor by machines, get faster or

more reliable equipment (automate).
Management: Better coordination and budgeting, more in-
spiring leadership (motivate).
Processes: Improve scheduling and material flow, more
accurate faster data flow (computerize).
Work Design: Modify job content, improve work methods,
retrain workers (enrich jobs).
Environment: Make safer or more pleasant working con-
ditions, reorganize structure (innovate).
Programs: Raise pay, revise policies, try goal-setting

(MBO) 3 programs (all participate).

The main objective of the ranking was to determine

the preferences of the tactics and to measure whether some

3Management by Objectives
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of the factors, such as type and size of the organization,
influenced the ranking of the tactics.

On page two of the questionnaire, the respondents
were also asked to rate the expected effects of the tactics

on each goal in accordance with the following scale:

+ Change will have a positive effect on the
outcome; likely successful.

- Possible negative effect on outcome.

0 Change should have no effect or there is
equal likelihood of either a positive or

negative effect on the outcome.

The results of these ratings are also presented in this
chapter. On page one of the questionnaire, the respaendents
were asked to answer the following question:

"To what extent has your organization emphasized
productivity measurement and improvement programs, and to
what extent have you been personally involved (mark with an
x on the scale below the organizational emphasis, and with

a v the extent of your personal involvement).

Approximate Extensive
Measurements Measurements
Made Made Made but Made and
Just but and not wide- applied
Not men- not uti- ly ap- vigorous-
used tioned used lized plied ly

0 1 2 3 4 5 6 7 8 9 10
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Results

Some analyses of variance were performed on the ratings
of each of the tactics. The factors that were considered
were described previously (see Chapter 2, page 21).

The model tested was also a generalized randomized
block design (previously described in Chapter 2, page 21).
However, in this case Yijkm represented the rank given to
the tactics. The same model assumptions are valid in this
case.

The analyses of variance were obtained using the sta-
tistical computer package SPSS, Nie et al. (1975). Table
IV.1l shows the results of such analyses in a condensed
form.

The 95% confidence intervals for the mean ranking are
presented in Table IV.2 in accordance with the type of or-
ganization (see Appendix Section A.4).

To realize the order of preference of the tactics, a
non—pargmetric test known as the Friedman Two Way Analysis
of Variance was performed ad hoc., Daniel (1978, p. 224).
The elements of the blocking variable were each one of the
respondents (Appendix Section A.5).

The null hypothesis was:

HO: The population within a block are identical.

The alternative hypothesis was:

Ha: Tl # T2 # T3 # T4 # T5 5# T6

where Ti is the mean ranking



TABLE IV.1.

CRITICAL VALUES FOR THE F TEST.

G¢



TABLE IV.2. CONFIDENCE INTERVALS FOR THE MEAN RANKING OF THE TACTICS.

Type of

Organi-

zation N Machines Management Processes Work-Design Environment Programs

Profit 90 2.75 ¢ 2.89 = 2.96 ¢ 3.12 4.66 * 4.47 =
0.30 0.25 0.23 0.23 0.25 0.28

Non- 40 4.47 * 1.85 * 3.42 + 3.22 ¢ 4.67 ¢ 3.17 =

Profit 0.46 0.38 0.35 0.12 0.37 0.42

N = Number of Respondents

S¢
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Tl Machines T3 Processes T5 Environment

2 4 Work Design T6 Programs

The test was performed for each type of organization.

T., Management T
For both levels (Profit, Non-profit) the null hypothesis
was rejected. Therefore, to make pairwise comparisons, a
non-parametric multicomparison test was performed, Daniel
(1978, p. 331) (Appendix Section A.6). The results obtained

with this test were the following:

Non-profit: T2 < T6 < T4 T3 = Tl = T5

1 =Ty =Ty =Ty <Tg=Tsg

For the non-profit organizations, T3 was not statisti-

Profit: T

cally different from Tl at the ¢ = 0.10 and & = 0.05 level,
but T4 was statistically different from T5 even at the

a = 0.05 level. Therefore, since they were close to being
significantly different, they could be considered as another
group producing the following result:

2 < Tg < Tyg = T3 T =T

The results of how the respondents related the effect

Non-profit: T

of the tactics to the achievement of the goals is presented
in Table IV.3. The rating was in accordance with the scale
presented in Chapter 3, page 21.

In order to analyze the responses to the question con-
cerning the involvement of the respondents and their
organizations in the productivity improvement programs and
measurements: (Section III-1l), a paired difference test
was utilized ad hoc., Mendenhall (1978, p. 228). This

test was selected since the respondents gave both the
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personal and the organizational grading of involvement

(Appendix section A.7). The null hypothesis was:

Ho: uy = 0 That is equivalent to Ho: u; = u,

where u, = mean rating of the organization

u, = mean rating of the respondents
The null hypothesis was not rejected. The mean values
of the ratings were

u, = 6.375

u 6.50

2



TABLE IV.3. TACTICS EFFECT ON THE ACHIEVEMENT OF GOALS
OUTCOMES *

EF - EFFICIENCY EFFECTIVENESS PERFORMANCE VITALITY
TACTICS FECT P NP P NP 4 NP P NP
1 91 66 74 41 49 55 20 11
Machines 0 6 25 19 52 41 34 47 50
-1 3 9 7 7 1 11 33 39
1 63 57 80 91 54 64 84 39
Management 0 34 41 19 9 45 36 15 5
-1 3 2 1 0 1 0 1 0
1 84 82 80 68 63 66 31 29
Processes 0 15 14 19 30 36 32 59 57
-1 1 4 1 4 1 2 10 14
1 78 68 66 59 71 64 74 64
Work Design 0 19 25 32 36 26 34 20 34
-1 3 7 2 5 3 2 6 2
1 54 27 30 30 42 43 55 45
Environment 0 35 57 50 66 50 55 32 48
-1 16 6 20 4 8 2 3 7
1 38 34 49 57 38 54 62 86
Programs 0 50 55 41 41 57 41 32 14
-1 12 11 10 2 5 5 6 0

p Profit Organizations 0 Mo effect on outcome

=z
o)
o

Non-Profit Organizations
Positive effect on outcome

1
st
nnn

Negative effect on outcome
Results are in percentage

6€
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Comments
A) About the Factors Affecting Ranking

The results of the analyses of variance (Table IV.1)
indicated that the factor designated "Type of Organization"
was significant (o = 0.05) in the ranking of the following
tactics: "Machines®, "Management", and "Programs". The
aforementioned factor was also influential in the ranking
of the tactic "Processes" at a higher level (a = 0.10).

The factor "Size of the Organization" was not shown
to be influential in any case (o = 0.05 or a = 0.10);
although the significance of the F test was Jjust a little
higher than o = 0.10 for the tactics "Processes" and "Work
Design".

The effect of the blocking variable "Business Position
of the Respondent" was significant in three of the tactics
at the a = 0.05 level and for another at the a = 0.10 level.
This can be interpreted [Steel and Torri (1960)] as an
indication that the precision of the analysis has been in-
creased through the use of this design relative to the:
design without blocking.

The tactics denominated "Work Design" and "Environment”
did not get influenced in the ranking by the factor "Type
of Organization" i.e. there was general agreement about

the ranking given to these tactics among the respondents.
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B) About the Ranking of the Tactics

The preferential differences between the two cate-
gories of organizations were with respect to the tactics
"Machines" and "Programs®".

The non-profit organizations ranked the tactic
"Programs" quite highly (second place), while the profit
organizations ranked it nearly last (fifth place). Au
contraire, the non-profit organizations ranked the tactic
"Machines" in the fourth place, whereas the profit or-
ganizations ranked this tactic first.

The high ratings of the tactics "Management" and
"Programs"” by the non-profit organizations coincided with
the opinion of R. Oswald who stated the following:

"Productivity improvements in the public
sector are peculiarly labor-oriented rather
than technology induced. As a result,

greater emphasis must be placed upon labor-
management cooperation to achieve productivity
gains." [Industrial Relations Research
Association (1975, p. 100)]

The role of the industrial engineer is closely in-
volved with productivity. R. Reed (1976) established this
point when he stated:

"Industrial Engineers, through their profes-
sional society, AIIE, have accepted this
responsibility by designating themselves,
the productivity people..."

J. H. Kehlbeck (1978) also commented in this regard:

"What is each industrial engineer's responsibility? CcCer-

tainly it is to implement productivity improvement."
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Consequently, the results of the order of preference of
tactics could be useful in the planning of Industrial
Engineering academic programs. It should also be noticed
that the tactic "Management" (i.e. better coordination
and budgeting, more inspiring leadership) was rated highest
by both types of organizations. Hence, it may be advisable
to grant more emphasis in this area of the academic curric-
ulum. Conversely, the low ratings for the tactic "En-
vironment" suggest that less importance might be given in

this area.
C) About the Interaction of Tactics and Goals

Some comments related to the interaction of tactics
and goals are presented next:

For the profit organizations, the tactic that had the
highest expectations for a negative effect on the achieve-
ment of a goal was "Machines" on the goal "Organizational
Vitality" (33% of the respondents). For the non-profit
organizations, "Machines" on the goal "Organizational
Vitality" also had the highest expectation (39% of
respondents) .

The tactic with the highest expectation for a positive
effect on the achievement of a goal was "Machines" on the
goal "Efficiency” for the profit organizations, and "Manage-
ment" on the goal "Effectiveness" for the non-profit

organizations.
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These results agree with the ranking of the tactics.
However, taking in consideration the previously mentioned
facts, we should indicate that in the opinion of the profit
organizations' respondents, there was a high expectation
of a positive increase in "Efficiency" (91%). Neverthe-
less, there was also a considerable expectation (33% of the
respondents) of causing a negative effect in the "Organiza-
tional Vitality".

Similar information can be obtained for both types of
organizations (i.e. profit and non-profit) for all tactics
and outcomes, if the results of Table IV.3 are analyzed
in a similar manner.

The results of Table IV.2 in conjunction with those
of Table IV.3 (concerning the ranking of tactics) can be
used as the output of an information system similar to the

one described previously in section III-3-C.

D) About the Involvement of the Respondents in Produc-

tivity Improvement Programs

The analysis of the responses to the guestion on the
first page of the gquestionnaire (Section III-1l) is pre-
sented next. The hypothesis that there was an equal
interest among the respondents and their organizations
referrent to their concern on productivity measurement
and improvement programs was not rejected. The organiza-
tions' and the respondents' ratings were "made and utilized"

and "made but not widely applied", respectively.
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V. AUXILIARY PRODUCTIVITY RATIOS FOR INVESTMENT

PROPOSALS, CONTROLLING OPERATIONS, AND
ATTAINING SOCIAL OBJECTIVES

Introduction

In the present chapter, an analysis of the responses
to the third page of the gquestionnaire is presented.

The purpose of this section was to inquire into the
preference of the respondents in the use of productivity
ratios in three promising areas of application. The areas
of application were the following:

Evaluation of capital investment proposals: ratios

to supplement the "net income/amount invested"
criterion to rate specific gains expected from
investment.

Control of operations:ratios to supplement proc-

esses efficiency that can provide early warning
of future operational difficulties.

Achievement of social objectives: Supplements

to the "benefit/cost" criterion that define and
rate how well a project satisfies conditions
deemed desirable for the welfare of society.
Five productivity ratios were proposed and it was
asked to relate them with respect to their value for the
potential use in the aforementioned areas. The proposed

ratios were:
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Social _ Social objectives (# or §)
Ratio Sales or Budget (# or $)

Employment _ Value added ($)
Ratio People Employed

Energy _ Units Produced (%)

Ratio =~ Energy Used (kw-hr)

Work _ Employee hours worked (hr)
Ratio Employee hours paid (hr)
Material _ Material in product
Ratio Total material supplied

Recycled material used
Total material supplied

or

*
~“For a more thorough description of the ratios see the

sample questionnaire in Chapter I.

The rating scale is presented next:

Decep- Appro- Measures Important Vital

tive indi- priate factors indicator measure
cator of consider- of in- of achieve- of

value ation terest ment critically
1 2 3 4 5 6 7 8 9 10

*
A zero value was assigned if the ratio was not valid for

an application in the respondents' organizations.
Also, in this part of the questionnaire the respondents
were asked to suggest ratios that could have been appro-
priated for the respondents' organizations and to rate

them in accordance with the previously mentioned scale.
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Analysis of the Ratios Proposed in the Questionnaire

A) Presentation of Results

The descriptive statistics (sample means and standard
deviations) of the ratings given to the proposed ratios
concerning their desirability to be used in the three
previously mentioned areas of application (see section
V.l) are presented in Table V.1.

TABLE V.1l. MEAN (x) AND SAMPLE STANDARD DEVIATION (s)
FOR THE RATING GIVEN TO THE PROPOSED TACTICS.

RATIO N TNVESTMENT CONTROL SOCIAL
Employment 134 z - g:i% z - g:g; z _ 3:%8
Energy 133 z - g:zg z - g:ig z - 3:20
work 133 3 A+ 3%
material 133 TI2300 TI3R0 0 52k
social 130 Xz 2. I 555

N = Number of respondents

The 95% confidence intervals were calculated assuming
that the sample population followed a normal distribution
(Mendenhall, p. 218). The confidence intervals are pre-

sented in Table V.2 (Appendix A.8).
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TABLE V.2. CONFIDENCE INTERVALS FOR THE RATINGS GIVEN TO
FIVE PROPOSED RATIOS (a = 0.05).

RATIO INVESTMENT CONTROL SOCIAL
Employment 5.11 + 0.54 6.03 = 0.48 3.15 + 0.46
Energy 4.76 * 0.54 4.98 + 0.52 3.80 + 0.56
Work 4.70 £ 0.52 7.43 £ 0.42 3.60 * 0.44
Material 4.52 + 0.59 5.53 £ 0.62 2.83 + 0.48
Social 2.92 + 0.43 3.41 + 0.46 6.14 £+ 0.50
B) Analysis of Results

The employment ratio was considered applicable as a
measure of interest in the areas of control of operations
and in the evaluation of capital investment proposals.

Its possible role as a measure of achievement of social
objectives was considered poor. Six percent of the respond-
ents considered the employment ratio as not applicable to
their organization.

Although with a little less emphasis than the employ-
ment ratio, the energy ratio was considered applicable as
a measure of interest for the control of operations and in
the evaluation of capital investment proposals. Its appli-
cation as a measure of achievement of social objectives was
considered appropriate. Eleven percent of the respondents
did not consider the energy ratio applicable for their
organizations.

The main area of application for the work ratio was

considered the control of operations. In the mentioned
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area it was rated as an important indicator of achievement.
In the area of evaluation of capital investment proposals
it was considered as a measure of factors of interest. The
application of this ratio to the measurement of social
objectives was deemed as an appropriate consideration. Two
percent of the respondents did not consider this ratio
applicable.

Material ratio: The principal area of application of
the material ratio was also in the control of operations
and was rated as a measure of factors of interest. Its use
in the area of evaluation of capital investment proposals
was deemed as an appropriate consideration. Its value
as a measure of achievement of social objectives was consid-
ered poor. Eighteen percent did not consider this ratio
applicable.

As could have been expected, the main use suggested
for the social ratio was as an indicator of social objec-
tives. It wa§ considered to measure factors of interest.
Its use in the control of operations was deemed appropriate
and its application as a measure in the area of evaluation
of capital investment proposals was considered deceptive.
Seven percent of the respondents did not consider this

ratio applicable in their organizations.
C) Overall Analysis

An overall view of the ratings given to the ratios

concerning their usefulness in the different areas of
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application seems to indicate that for all but the social
ratio, the area which received the highest rating was the
control of operations. The area with the second largest
ratings was the evaluation of capital investment pro-
posals and in third place the measure of achievements of
social objectives.

The ratio that was considered less applicable in
general, was the material ratio (18%) and was followed by

the energy ratio (11%).

Analysis of the Ratios Suggested by the Respondents

A) Presentation of Results

The suggested ratios by the respondents were of a
great variety. Some of them were very specific; for
example, diameter inches of welding/man hour.

The statistics of the ratings given to the different
suggested ratios are presented in Table V.3. For the
calculations of the 95% confidence intervals it was assumed
that the ratings' distribution followed a normal distri-

bution (Appendix section A-9).
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TABLE V.3. MEAN, STANDARD DEVIATION, AND CONFIDENCE
INTERVALS OF THE RATINGS GIVEN TO THE RATIOS
PROPOSED BY THE RESPONDENTS.

INVESTMENTS CONTROL SOCIAL
Mean Ratings 6.87 7.93 4,32
Standard Deviation 0.3188 0.2207 0.3097
Confidence Interval (7.394; (8.45; (4.84;
6.46) 7.40) 3.796)

The mean ratings indicated a pattern similar in the
area of preference for the applications of the productivity
ratios suggested in the questionnaire. The area of appli-
cation with the highest rating was the control of operations.
The second desirable area of application was the evaluation
of investment proposals and in the last place the applica-
tion in the evaluation of achievements of social objectives.

The suggested ratios were classified in accordance
with the following categories:

1. Ratios showing a relation of performance to some

standard, e.g., Earned hours/Actual hours.

a. Ratios showing an output/input relation. The

outputs in this category were related mainly

with what could most commonly be considered as

the output of the system, e.g., Utility increases/
investment; Net profit/Cost of execution.

2b. Ratios showing also an output/input relationship,

but the output was related only in an indirect
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way to the system output, e.g., Maintenance man-
hours/production man-hours; Minority employees/
total employees.

The percentage of the different ratios in the three

different categories are:

Category 1 21%

Category 2 52%

Category 3 27%
B) Analysis of Results

It can be observed that 21% of the proposed ratios by
the respondents presented an output/standard relation in-
stead of the output/input relation that was suggested in
the questionnaire.

One explanation for this tendency could be the fact
fhat the concepts of productivity do not embrace merely
an output-input relationship but several others as is
shown in the study by R. Katzell et al. (1975). This fact
stems from an unclear definition for a productivity index.
An example of this incertitude is presented in the book
by Mali (1978). At the beginning of his book (page 7),
Mali defines the productivity index as the relation be-
tween output and input and also as the relation between
effectiveness and efficiency, but later in the same work
(page 85), he defines a productivity index as a relation

of productivity in the current year to the productivity
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in a base year. This last definition of productivity
index agrees with the one given by M. Mundel (1976).

P. Mali also suggests five categories of ratios to
represent the productivity indexes. The five categories
are presented next:

1) Overall indexes: Final output/resource inputs.

2) Objective ratios: Achievement of individual

managers/objectives that were planned.

3) Cost ratios: Performance output/costs.

4) Work standards: Work units achieved/expected

time standards.

5) Time standard: Performance output/time needed.

These categories could be reduced to two. Mali's
categories four and two present an output/standard rela-
tion which can be identified with the suggested category
one (the suggested categories were defined in the previous
section). Mali's categories one, three and five can be
identified with the suggested categories 2a and 2b because
they represent merely an output/input relation.

These discrepancies in proposed ratio are as a con-
sequence inexact about what a productivity index is: Is
it the quotient of the current output/input ratio to an
output/input ratio in a base year? 1Is it merely an out-

put/input ratio? 1Is it the ratio of actual performance

to a certain standard?
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What can be done to avoid such confusion is to define
five different types of productivity indexes. The pro-
posed types are:
1. Rough productivity index = Current output/Current
input
2. Base productivity index = Output in base year/
input in base year
3. Transformed productivity index = Rough produc-
tivity index/Base productivity index
4. Goal productivity index: The desired output-input
relation
5. Comparison productivity index = It could be ex-
pressed as a difference or as a ratio of the
desired productivity index with the transformed
productivity index.
The previous definitions of productivity indexes can
be more clearly presented by means of a block diagram of
a closed loop (feed back) control system (Figure 1). A
description of such systems can be found elsewhere [K.

Ogata (1970), J. Cadzow (1973)].

T b

Figure V.1l. Feed-Back Control System.

C Controller
S System
T Transducer
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A

T |

Figure V.2. Feed-Back Control System applied to
productivity measurement.

1) Rough P.I. 4) Goal P.I.
2) Base P.I. 5) Comparison P.I.
3) Transformed P.I.

Traditionally in this system the main concern is to
control the output. The current importance given to pro-
ductivity suggests that the principal interest could be to
try to controi‘the output/input ratio instead. Why should
we use output/input ratios instead of merely output and
input quantities in a separated way? Although C. A. West-
wick (1976) mentions that "The information is more useful
if it is in the form of a ratio rather than an absolute
figure", he did not indicate why he considered it more
useful. The main reason for this preference could be that
in this form an implicit measure of efficiency is carried
in the information.

The approach using output-input ratios are addressed
with the same identification numbers as before (Figure V.2).
It should be remarked that the comparison productivity index
in this case took the form of a difference and not a ratio.
The goal productivity index represents what in control

engineering jargon is known as set point.
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References of Possible Methods to Use in the Evaluation
of Capital Investment Proposals Using Productivity Ratios

It can be observed in Tables V.2 and V.4 that the mean
ratings given to the ratios proposed in the guestionnaire
and the ones suggested by the respondents with reference
to their application in the evaluation of capital invest-
ment proposals is by selecting some of these ratios as
objectives and to apply one of the several techniques that
are used to make decisions when there are multiple objec-
tives. Some of these techniques are presented in the
book by R. L. Keeney and L. Raiffa (1976) and in the book
by the same authors and R. Bell (1977).

An article which is related to productivity and with
the application of one of these techniques (Multiplicative
multiattribute function) is by W. T. Stewart (1978). His
main concern was the measurement of productivity, not the
evaluation of capital investment proposals. In the afore-
mentioned article he uses for the selection of objectives
a procedure known as the nominal group technique, which is
more thoroughly covered in the book by Delbecqg et al. (1975).

One relatively simple technique used to deal with pro-
posals with multiple objecﬁives is the Churchman-Ackoff
method [C. W. Churchmann et al. (1957)]. An application of
this technique in the evaluation of capital investment
proposals can be found in the books by J. Canada (1971) and

J. L. Riggs (1976).



Summary

In this chapter the main areas of application for the
five suggested ratios were inferred from the respondents'’
ratings. It was also observed that the main area of appli-
cation of the ratios were in the control of operations
followed by the evaluation of capital investment proposals.
It was also apparent that the concept of a productivity
index is not well defined. 1In order to clarify this con-
cept five productivity indexes were proposed. The
representation of these indexes in a feedback system block
diagram was presented.

References to some techniques that can be used to
apply productivity ratios in the area of evaluation of

capital investment proposals were presented.
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VI. SHARING OF PRODUCTIVITY GAINS

Introduction

The analysis of page four in the gquestionnaire will
be covered in this chapter. 1In that part of the gues-
tionnaire was presented the following scenario to the

respondents:

Scenario: Your organization has a productivity pattern,
corrected to a base year index, shown in the table below.
Assume that net profit increased at a commensurate rate
with total productivity gains each year. (Also assume the

national inflation rate is zero.)

1974 change 1975 change 1976

Net OP (1) 100 15% 115 13% 130
Labor IP (2) 50 0 50 14% 57
Capital IP (3) 40 25% 50 4% 52
Labor PR (1) + (2) 2.0 15% 2.3 0 2.3
Capital PR (1) + (2) 2.5 -9% 2.3 9% 2.5
Total PR (1) + (2+3) 1.11 43 1.15 4% 1.19
OP = Output

IP = Input

PR = Productivity

The graphical displays of these values are presented

in Figures VI.1l to VI.7.
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Net Output (X Units)

130
120
110
100
Years
74 75 76

Figure VI.l. Net Output versus Time.

Labor Input (X Units)

56

54

52

>0 Years
74 75 76

Figure VI.2. Labor Input versus Time.
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Capital Input (X Units)

60
50
40
Years
74 75 76

Figure VI.3. Capital Input versus Time.

Labor + Capital Input (X Units)

110
100
90
Years
74 75 76

Figure VI. 4. (Capital + Labor) Input versus Time.
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Labor Productivity

2.3
2.2
2.1
2.0
Years
74 75 76

Figure VI.5. Labor Productivity versus Time.

Capital Productivity

2.5
2.4
2.3
2.2
Years
74 75 76

Figure VI.6. Capital Productivity versus Time.



Total Productivity

1.20
1.18
1l.16
1.14
1.12
Years
74 75 76

Figure VI.7. Total Productivity versus Time.

Three guestions concerned with the scenario were
asked. The analysis of the responses is the subject

of the following sections.

Analysis of the Responses to the First Question

A) Description

The first question with reference to the scenario
presented in section VI.l was the following:

Is the increase in total productivity from 1974 to
1975, at no increase in labor input, sufficient reason

to grant a wage increase to workers? Yes No

If yes, about how large an increase is reasonable?

% Comments

61
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B) Results

The percentage of the affirmative and negative answers
were as follows:

Yes 61%
No 39%

The 95% confidence interval of the proportion of
affirmative answers, was the following [Daniel (1978, p.
52)] (Appendix section A.10):

0.53 < Proportion < 0.69

To investigate, if more than half of the respondents
answered in the affirmative, a test of proportions [Daniel
(1978, p. 46)] was performed ad hoc. (Appendix section A.ll).

The following hypothesis was tested.

H_: Proportion < 0.50

H,: Proportion > 0.50

The null hypothesis was rejected. Therefore, it
was concluded that the proportion seems to be greater than
0.50.

The statistics of the answers given by the respond-
ents which gave an indication of how much wage increase
should be granted were the following:

48% granted more than 4% increase
52% granted less than, or equal to, 4% increase
A test of proportiéns, Daniel (1978, p. 46) was

performed to investigate if more than half of the
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respondents granted a wage increase not greater than 4%.
The null hypothesis (i.e. the proportion was not greater
than half) was not rejected (Appendix section A.12).
The statistics of the percentages granted were the

following (Appendix section A.13):

Average = 5.164

Std. Dev. = 0.407

95% Confidence Interval = 5.07 < x < 5.26

C) Comments

The statistics indicated that there did not exist a
clear preference in the responses concerning the concession
of a wage increase since the percentages of affirmative and
negative answers were very similar. Nevertheless, there
seems to be a slight preference for the positive answers
(i.e. the increase in total productivity is a good reason
for a wage increase), since the hypothesis that the pro-
portion of positive answers was not greater than fifty
percent was rejected.

The results of the survey and the opinion of L. Green-
berg, Industrial Relations Association (1975, p. 12),
concerning the percentage of wage increases that should be
granted are compared next. Greenberg based his criteria
on output per man-hour (labor productivity) as a measure
of productivity. His point of view about how much wage

increase should be allowed was the following:
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"If productivity rises, say ten percent, and
output increases commensurately, then each
factor of production-labor-management, capital--
can receive a ten percent increase. If output
does not rise commensurately (this can happen
in a firm or industry but has not happened in
the long-run in total private economy) then
total compensation of input factors and rates
of return to those factors will depend on the
difference between the output increase and the
productivity increase, the size of the hourly
compensation increase and the cost of new
capital investment."

Following Greenberg's procedure, an increase of 15%
should have been granted since the labor productivity and
the output increase commensurately. However, only two of
the respondents granted 15% of increase (this represented
2.6% of the respondents who specified a percentage of
increase). Therefore, it seems that the respondents did
not agree with Greenberg's procedure. Nevertheless, if ad
arbitrium it is assumed that the respondents who granted a
wage increase not greater than 4% based their criterion in
accordance to the total productivity and it is also
supposed that those who granted more than a 4% wage increase
based their criterion in accordance with labor productivity;
then we can conclude that there existed a difference of
opinion concerning which productivity measurement (labor
or total productivity) should be the criterion to grant a
wage increase, since the null hypothesis (i.e. no more than
half of the respondents granted a wage increase not greater
than 4%) was not rejected.

The most frequent comments made by the respondents

were the following:
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2.
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There was not enough information.
The increase in productivity was mainly due to

capital investment.

The facts about whether the respondents did or did

not grant a wage increase, and whether the respondents

did or did not specify the percentage of increase, in con-

junction with the comments of the respondents to question

one engendered the following combination of responses.

a)

b)

c)

d)

Do not grant =--- No percentage specified ---
Comment: Not enough reason. The increase in
total productivity is not enough reason; other
factors should be considered.

Do not grant =--- No percentage specified ---
Comment: Capital is the reason. The increase
in total productivity is not enough reason.
The main cause of the increase in productivity
was the increase in capital.

Yes ~~- No percentage specified --- Comment:
Not enough reason. An increase in total pro-
ductivity is enough reason but there is not
enough information about how much should be
charged.

Yes --- Grant X =--- Comment: Capital is the
reason. An increase in total productivity is
enough reason to grant a wage increase but the
main factor for the increase in productivity

was the increase in capital.
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e) Yes --- Grant X --- Not enough information.
An increase in total productivity is enough
reason to grant a wage increase as should be
X% but there is not enough information.
It should be noted that category (d) presented a con-
tradiction since the respondents granted a specific wage
increase notwithstanding they claimed that there was not

enough information.

Analysis of the Second Question

A) Introduction

In this section, an analysis of the responses to the
second question is presented. The second question to the
scenario previously presented (Section VI.1l) was the
following:

"If the decrease in capital productivity resulted from
a mandatory capital investment to conform to a new law
restricting pollution, should this benefit be recognized
differently in the productivity measure?"

Yes No

If yes, how?

B) Results

The statistics of the respondents were the following:
Yes 45%

No 55%
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The 95% confidence interval for the proportion of
negative answers is the following (Appendix section A.1l4):
0.467 < Proportion < 0.633
To test if the same proportion of respondents answered
with a negative or a positive answer the following hypoth-
esis was tested using a test of proportions ad hoc., Daniel

(1978, p. 46) (Appendix section A.15).

Ho = Proportion = 0.5
Ha = Proportion # 0.5
C) Comments

The null hypothesis that proposed half of the respond-
ents answered in the negative could not be rejected,
therefore this fact seems to indicate that there existed a
difference of opinion about this issue. Nevertheless, the
statistics seem to indicate there existed a slightly greater
percentage of persons who did not think that the mandatory
capital expenditure to conform a new law restricting
pollution should be considered different in the productivity
measurements.

The most frequent comments about how mandatory ex-
penditures should be considered in productivity measure-
ments were grouped as follows:

1. Excluding the capital from calculations.
2. Considering it as a long term investment or

depression cost.
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3. To measure productivity with and without
capital expenditure.

4. To consider it by means of an auxiliary ratio.
5. To make a footnote of this abnormal situation.
Two main tendencies could be observed in the comments
by the respondents: Those who excluded the compulsory
capital expenditure from the productivity measurements
2 and 5)

(Group 1, and the others which suggested to include

it in a different way (Group 3 and 4).

Analyvsis of the Third Question

a) Introduction

The analysis of the third question concerning the
scenario previously presented is shown in this section.
The third gquestion was the following:

Who should benefit from the 4% gain in 19762 What
percentage of the total profit for that year should be

distributed to each of the following parties, based on...

...an unbiased .what your .your
analysis of organization personal
data would likely do opinion

to consumers
to workers
to owners

retained in
organization

to consumers
to workers
to owners

retained in
organization

oo

[

[

oe

to consumers
to workers
to owners

retained in
organization
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B) Results

There were two main objectives of the third question.
The first one was to determine whether there were a differ-
ence of opinion among the following criteria: The
respondents' criterion, the organization opinion and what
should have been done if a strict analysis of data were
pursued. To accomplish the first objective, an analysis of
variance was performed [Netter et al. (1974)]. The model

used was the following:

Yijkl = u + Si + Pk + chij + Sxpik + Cxij + Eijkl
S = Subject

C = Criteria

P = Party

Y = Percentage granted

The Variable "Subject" represented the different
respondents and was a random factor; "Criteria" repre-
sented the three different criteria, and "Party" repre-
sented the different groups to whom the profits were
granted. The two last factors were fixed.

The table for the analysis of variance is presented

next:
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TABLE VI.1l. ANOVA TABLE

Degrees of

Factor Freedom Mean Square
Subject 114 10.05
Criteria 2 26.49
Subject x Criteria 228 29.97
Party 3 62,880.70
Subject x Party 342 1,147.88
Criteria x Party 6 1,632.74
Error 684 338.60
Total 1374

The F ratio for the interaction term of "Criteria"

with "Party" was the following: = 4.82. The

F6, 684)
critical values at the 5% level from the table presented

in Netter et al. (1974) were the following:

Hence it was concluded that the F test was significant.
In addition a Tukey test [Netter et al. (1974, p. 594)] was
performed in order to get a multicomparison of the mean
values. The test showed that the mean percentage allowed
to the consumers was different at the 10% level between the
criteria of the organization and the personal opinion of
the respondents. There was also a difference in the per-
centage granted to the consumers at the 10% level between
the organization's criteria and the criteria based in an

unbiased analysis of data.



TABLE VI.4. MEAN (X) AND SAMPLE STANDARD DEVIATION (S) OF THE PERCENTAGE GRANTED TO
THE DIFFERENT PARTIES BY THE THREE CRITERIA.

CRITERIA UNBIASED ANAL- ORGANIZATIONS' RESPONDENTS
PARTIES N YSIS OF DATA OPINION OPINION
X = 13.12 X = 7.56 X = 12.93
Consumers 115 s = 16.34 S = 13.46 S = 15.16
X = 18.05 X = 18.05 X = 21.76
Workers 115 s = 21.13 S = 19.98 s = 17.43
X = 28.18 X = 25.68 X = 24.46
Owners 115 S = 21.14 S = 25.62 S = 24.67
Retained in 115 X = 40.95 X = 48.62 X = 39.32
Organization S = 26.95 S = 31.51 S = 23.16

N = Number of respondents.

1L



TABLE VI.5. CONFIDENCE INTERVALS (a = 0.05) OF THE PERCENTAGES GRANTED TO THE

DIFFERENT PARTIES BY THE THREE CRITERIA.

CRITERIA UNBIASED ANAL- ORGANIZATIONS' RESPONDENTS |
PARTIES N YSIS OF DATA OPINION OPINION
Consumers 115 13.12 + 2.99 7.56 t 2.46 12.96 + 2.78
Workers 115 18.05 * 3.89 18.05 *+ 3.67 21.76 * 3.20
Owners 115 28.18 *+ 3.86 25.68 * 4.68 24.46 *+ 4.53
Retained by 115 40.95 + 4.92 48.62 * 5.76 39.32 * 4.25

Organization

N = Number of respondents.

ZL
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C) Comments

The order in accordance with the magnitude of the
percentage of the productivity earnings given to the differ-
ent groups was the same for the three criteria. The biggest
percentage was allowed to be retained in the organization,
followed by the percentage given to the owners, the percent-
age to workers and the percentage to consumers.

There was a difference in criterion about the percent-
age that should be retained in the organization. For the
organizations' criteria the amount allowed was around 50%,
whereas for the other two criteria (i.e. an unbiased
analysis of data and the respondents' personal opinion)
were around 40 percent. Although the Tukey test did not
show that the percentage granted to consumers were statis-
tically different among the three criteria, the percentage
granted by the organizations' criteria seems to be smaller
(7.5%) than the other two criteria (13%).

It should also be remarked that the biggest percentage
of productivity earnings granted to the workers was the
one granted by the respondents' personal opinion (28%).

In summary, the form of distribution of the productiv-
ity earnings seems to be similar for the respondents'
opinion and an unbiased analysis of data, but there existed
a difference with what the organization would do and the
two former criteria. This also could have been interpreted

like the personal opinion was more closely based with an
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unbiased analysis of data, whereas the organizations'
criteria was in a certain way more arbitrary. The main
difference among the organizations' and the personal
opinion of the respondents was concerning the percentage
to be retained by the organizatior. Although it could be
expected that this difference would be reflected in a
variation of opinion with respect to the percentage granted
to the workers, this difference was rather reflected in

the percentage granted to consumers (7.5% and 13%).
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VII. GENERAL CONCLUSIONS
"So the last shall be first,
and the first last,..."”

Matthew 20:16

The conclusions of this work can be summarized as
follows:

A) The ranking given to the proposed tactics and the
ratings of the proposed goals varied with the type of
organization. The size of the organization did not prove
to be influential either in the ranking of the tactics or
the ratings of the goals.

The non-profit organizations tended to use tactics
which included more human participation, whereas the profit
organizations preferred tactics which were more related to
technical factors.

Thé non-profit organizations had an equal preference
for the achievement of the four proposed goals ("Efficiency",
"Effectiveness", "Performance", "Vitality"). The profit
organizations had slightly more preference for the achieve-
ment of "Efficiency".

The effect of the applications of the proposed tactics
to the achievement of the proposed goals was presented in
Table IV.3. The effect of the tactic "Machines" for the
profit organizations was considerable. The results indi-

cated that although there was a high expectation to
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increase "Efficiency" there was also a considerable expec-
tation of decreasing the organizations' "Vitality".

The results pinpointed in the former paragraphs
could be used by managers who are preparing a productivity
improvement program. The results could be useful to mana-
gers as an indication of: a) The emphasis to give to the
achievement of each goal; b) the most appropriate tactics
to use; c) the effects of the tactics on the achievement
of the goals.

Further research could be directed toward a more de-
tailed classification of the organizations. This objective
could be accomplished by increasing the size of the respond-
ents sample. The variable "Business Position" proved to
be effective as a blocking variable. Therefore for each
type of organization it is recommended that the respond-
ents be included from the entire business hierarchy.

B) The results indicated that there was an equal interest
between the respondents and their organizations with
respect to their concern on productivity measurement and
improvement.

C) The main applications of the five suggested ratios
(Section V.1l) were in the control of operations and the
evaluation of capital interest proposals.

The respondents' comments suggested that there was not
a clear concept of productivity indexes. In order to
clarify this concept, five new productivity indices were

proposed.



77

Since the application of productivity ratios in the
evaluation of capital investment proposal was promising,
further research could be done with respect to methods of
including productivity ratios in these evaluations. A
study relating productivity concepts to control theory
could also prove useful.

D) The opinion that a wage increase should be granted
when an increase in productivity occurred showed slight
preference in the questionnaire. There existed a differ-
ence of opinion concerning which productivity measurement
(labor or total productivity) should be the criterion to
grant a wage increase.

There existed a different point of view concerning the
consideration of mandatory capital investments in productiv-
ity measurements. Almost half of the respondents suggested
to consider those investments in a different form while the
others opined the contrary.

There was an opinion difference among the three cri-
teria (i.e. the respondents' criterion, the organizations'
criterion, aﬁd the criterion based on a strict analysis of
data) concerning the sharing of productivity gains. The
main discrepancy was concerning the percentage to be re-
tained by the organizations. The organizations' criterion
allowed a percentage around 50% whereas the other two cri-
teria were around 40%. The respondents granted the 10%

difference mainly to consumers and workers. This tendency
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could have been the consequence that the respondents could
have considered their participation also as workers and

consumers.
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APPENDIX

A.l. - The confidence intervals presented in Table III.2

were calculated as follows:
X # \/Mgg * Z0L/2

Mean rating MSE = Error Mean Square

»
]

3
]

Number of responses Z = Value of the normal dis-
tribution at the
aporopriate significance
level

The MSE values are those reported in Table III.1l.

They were used as an estimation of the variance. The Z

values can be found in a table for the Normal Distribution

elsewhere. An example of the calculations is presented

next for the non-profit organizations for an o = 0.05.

Efficiency 5.92 + \/4.292/39 * 1.96

A.2. - The theoretical F values, [Neter et al. (1974, pp.

808-813)] for the analyses of variance presented in Tables

ITI1.4 and III.5 are presented next:

For Table III.4 For Table III.S5
o = 0.10 o = 0.05 a = 0.10 a = 0.05
F(3, 30) 2.28 2.92 F(3, 60) 2.18 2.76
F(3, 60) 2.18 2.76 F(3, 120) 2.13 2.68
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A.3. - From Section III.2, the following formulas were used

to perform the Tukey test.

S(D) = V2(MSE)/n = \/2(3.408) /89 = 0.277
T=1/V2 * q(l - a; r, n_ - r) =1/ {2 *

t
(0.90; 4.264) = 2.29
n, = r*n = 4 * 89 = 276
where:
MSE = Error Mean Square (Table III.4)
n = replications
r = treatments
q(l - a; r, nt—r) = Studentized range distribution

D-T*S(D) <uy-uy, <D+T*S(D

D=Y.. - Y.., -
J J
D is an estimator of the mean differences. uj and
"M.; represents the mean ratings for goals j and j'. (J =

]
1 "Efficiency", 2 "Effectiveness", 3 "Performance", 4 "Vi-

tality").

The pairwise comparisons are presented next:

0.49 < Hy = By < 1.75%*
0.81 < Hy = Mg < 2.07%
1.16 < Hy = Hy < 2.42%*
-0.31 < Hy = Mg < 0.95
0.04 < Hy = My < 1.30*
-0.28 < Hy = My < 0.98
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The asterisk indicates that the difference was sig-

nificant at the a = 0.10 level.

A.4. - The confidence intervals from section IV.2 presented
in Table 1IV.2 were calculated using formula (1) previously
presented in Section A.l. The MSE values used in the cal-
culations were those reported in Table IV.1l. An example

of the calculations is presented next:

Tactic "Machines" for the profit organizations.

For a = 0.05

4.292
2.47 = 139 1.96
A.5. - From section IV.2.

The test statistics for the Friedman two way analysis
of variance is the following:

k

2 _ 12 2
Xr = k(oD LI By 7 3P D)
where Rl’ ...... ’ Rk are the treatments rank sums. k repre-

sents the number of treatments (tactics in this case).

The test statistic for the non-profit organizations was:

2 _ 12
40%6%7

(127)%] = 45.8929

[(179) 24 (74) 2+ (137) 2+ (129) 2+ (187) %+

Xg* = 11.070 a = 0.05 degrees of freedom = 5

Reject H
o)
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The test statistic for the profit organization was:

x? = 55%%;7 [(246)2+(260) %+ (269) %+ (281) 2+ (419) 2+

(402)2) = 67.460

*
Xg = 11.07 a = 0.05 degrees of freedom = 5
Reject HO
A.6. - From Section IV.2, a multicomparison test between

the tactics was performed using the following criterion

If {Rj - Rj,l > z, * V' b*k (k+1) /6

Then R. = R.
nRy 3

Where Rj and Rj' are the jth'and the j'th treatment

(tactic) rank totals, and z is a value from a table of
normal curve areas corresponding to a/k(k-1l) = 0.05/6(5) =
0.0017.

The criteria for bdth types of organizations [i.e.

z; b*k (k+1) /6] were the following:

Non-profit organizations:

2.93 \/igééll = 49.029

T2 - T6 | 74 - 127] = 53%
T6 - T4 |127 - 187] = 60%*
T4 - T3 {129 - 137] = 8
T3 - Tl 137 - 179] = 42

Tl - T5 |179 - 187] = 8
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T3 - T5 1137 - 187] = 50%

T4 - T5 1129 - 187 + 58%

*
Significant at the a = 0.05 level

Profit organizations:

2.93 f2UD T = 73,5425
TL - T2 246 - 260 = 14
T2 - T3 |260 - 269 = 9
T3 - T4 |269 - 281] = 12
T6 - T4 |402 - 281] = 121*%*
T6 - T5 402 - 419| = 17

0.05 level

*
Significant at the a

A.7. (From Section IV.2)
The test statistic for the paired difference test was

the following:

r=-—9__ = 0.125 = 0.7151

S3/VT 2.0385/ /136

where d Mean value of the differences of two ratings.

Sd Standard deviation of the differences of the
two ratings.
The statistic was compared with the value reported

in a t-distribution table for a a = 0.05 level (t = 1.96).
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A.8. (From Section V.2 - A)

The confidence intervals reported in Table V.2 were

calculated using the following equation:

124

X ttcx/2 * g X+ 2 a/z * g
Vo Vo
where X = mean rating
S = Sample variance of the rating
n = respondents
Z = Value from the normal curve that represents
the appropriate significance level

X and s were obtained by using the statistical com-

puter package SIPS, Guthrie et al. (1974).

A.9. (From Section V.3-B)
The confidence intervals reported in Table A.9 were
calculated in a similar form as it was described previously

in section A.8.

A.l0. (From Section V.2-B)
The proportion's confidence interval was calculated

using the following formula:

p # ZC{./Z * Vp(l-p)/n

where p is the proportion of the sample
z is the value from a table of areas of the normal
curve

n is total number of respondents
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For a = 0.05

1/0.61(0.39)
0.61 = 1.96 138

A.l1l1. (From Section VI.2-B)
To test the hypothesis the following test statistics

was used:

= * * -
s n*p_ + z VE po(l po)

where: s = number of successes.
n = respondents
z = the value from a table of areas of the

normal distribution

Then for a a = 0.05

s = 138 * 0.50 + 1.645 V138 (0.50)*0.50 = 78.662

Since the number of positive answers was 84 then the

null hypothesis was rejected.

A.l12. (From Section VI.2-3)
The hypothesis was tested using the same procedure

described in section A.1ll.

wn
I

75 (0.50) + 1.645 \f35(0.5)*(0.5)

44.623

Since the respondents who granted a wage increase no

greater than 4% were 39 the hypothesis could not be rejected.
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A.13. (From VI.2-B)

The confidence interval was calculated in the form

described in section A.8.
5.164 + 1.96 (0.407)/V 75

A.l4. (From Section VI.3-B)
The estimation of the confidence interval for the
proportion was calculated in the form described in

section A.10.

0.55 + 1.96 \/0.55(0.45)/138

A.15. (From Section VI.3-B)
The test statistic was the same as the one used in

section A.l1ll but using Za/z instead of 2

s = 138 (0.50) * 1.96 \/138(0.50)0.50
= 80.51 for a = 0.05
51.4876

Since the number of repondents who gave a negative

answer were 69 the hypothesis was not rejected.

A.l16. (From Section VI.3-B)
The Tukey tests which were performed using the
formulas previously described in section A.3. The follow-

ing modifications of the parameters were needed:
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n_ - r = (r-1) (c-1) (p-1) = 114(2) (3) = 684
r = respondents

c = criteria

p = parties
D = ulj - Uijl’
u.. represents the mean percentage granted to party

1]

i by criterion j (i = 1 consumers, 2 workers, 3 owners,
4 retained in organization; j = 1 data analysis, 2 or-

ganization, 3 respondents).

S(D) = V(2/115) * 338.54

= 2.4267
For a = 0.05
_ 1 _ 1 _
T = =— 4(0.95, 12, 684) = =— (4.62) = 3.2668
V2 V2
S(D) * T = 7.9276
For a = 0.10
T = 9(0.90, 12, 684) = (4.28) = 3.0264

S
S

S(D) * T = 7.3442

The results of the text are presented in Tables

A.l1 and A.2.

A.17. - The confidence intervals reported in Table VI.5
were calculated using the same procedure of section A.S8.
The sample variances needed for the calculations were

those reported in Table VI. 4.
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TABLE A.l1. TUKEY TEST RESULTS (a = 0.05)

i D=y, - u, D= u, - u, D= yu, - u,
! 12 ! 13 12 13

1 -2.36<D<13.49 -7.74<D< 8.12 -13.30<D< 2.55

2 -7.93<D< 7.93 -11.64<Dx 4.21 -11.64<D< 4.21

3 -5.42<D<10.4 -4,24<D<11.65 -6.71<D< 9.14

4 -15.60<D< 0.26 -6.30<D< 9.55 1.37<D<17.22%

uij = Mean percentage granted to party i by criterion j

i = 1 Consumers, 2 Workers, 3 Owners, 4 Retained in

organization
3 = 1 Data analysis, 2 Organization, 3 Respondents

* Significant at the a = 0.05 level

TABLE A.2. TUKEY TEST RESULTS (a = 0.05)
i D=y, - u. D= u, = u. D=y, = u,.
1 12 ! 13 2 Y3

1 -1.78<D<12.91 -7.153<D< 7.53 -12.72<D< 1.97

2 -7.34<D< 7.34 -11.06 <D< 3.63 -11.06<D< 3.63

3 -4.84<D< 9.85 -3.72 <D<11l.066 -6.13<D< 8.56

4 -15.01<D< 0.32* -5.72 <D< 8.97 1.95<D<16.64%*

uij = Mean percentage granted to party i by criterion jJ

i = 1 Consumers, 2 Workers, 3 Owners, 4 Retained in
organization

J = 1 Data Analysis, 2 Organization, 3 Respondents

* Significant at the «

= 0.10 level
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Qenartnent of

[NDUSTRIAL ENGINEERING
Corvallis, Cregon 97331
United States of America
Telephone ({393} 754.4645

ChiiSory

L2 2N B B B 2N 2N 2N BN N 2N BN N N |

Dear Sir:

"""""t'"'t""""v
You 3re teing asked to participate in a werldwide survey ibout areductivity. [ss curpose is
to catermine Ine current methods amployed in productivity analysis and tne uses mace oF the
productivity Teasures. The survey is designed 20 obt3in regresentative views from different
areas of management, classes of orgqanization, iand types of culture, Results of the survey
will be reported at the international Productivity Ceongress %0 be held next September in
Austrailia. Your resly is imcortant!

There are [.st fcur 7ages in the survey. Pleas2 answer the questicns comolessiy and thought-
fully, essacialiy taose that rely con subjective judgment. A stamped, addrassed envelcoe is
enclosed for your recly. !f you have further inguires ar commencs, direct them 3 2r. James

L. Riggs it the letzernead adsress.

four gromot reply will e greatly agoreciatad, and we will e pleased %0 send you 2 summary
of the survey =esults if you check the 2ox Selow. Thank you.

- . . .

s 3Send survey results 29 f:address above : ther address

-
3

LI I T R I . T T T S S S Y - ® ® ® o e @ @ 4 e e e e e s = e
-
i

DATA ABQUT RESPONCEN
1. The type 37 arqanizaticn in which you work_js mast closely described as

15 { = Yaticnal zovernment = Manufacturing/Mining Industry }35
- tate/local government - Agriculture/Timer/Fisning
30 __#ealih/Iducation/Service _JRetail/Commercial/Transsorzaticn 5

2. Numcer of seoole emoloyed in the organization wiln which you are now associated [if it
TS 3 jovernmant agency or & conglomerate industry, resort the size of the unis, divisicn
or dr3nch for which productivity data would be racorted) is

—ygncer 160 101 %o 1C00; (I8 20 19.7%0  Tover 10.000)
Cemments 6l 32
3. Catecory trat t0St CloSeiy <8SCrifes your current sesit-on is
s S€1Feampicyed 47 _middle-level manager . staff specialist 39
30 .9 ranagement 7 _ lower-level manager _ line oserator <
& _ indegengent profassional _dther -7

4. Circle the numcer of years of formai agucation sOu aave

$ 0§ 7 3 9 10 11 12 13 12 315 s 17 13 13 20 +

grade scnool’ high scneol’ cdilege ! post graduate '

§. Ta what axtert nas your organization emanasized productivity measurement and imorovement
Srograms, and t3 what exient have you deen zersonally involved (Mark with an x an ‘*ne
scale delow :he srganizational emphasis, and with a Y the exient of your personal involve-

mnent. )

Aporoximats Measuremants Sxtensive Measyrements
Hot dusse P nacs aut made 4nc 11 made yut not "age and 20-
used rentioned not uysed utilized widely 2ooliea 3lied vicorcusly
“ v 2 T 3 3
“ F] 3 [ 3 3y / / 3 g 1Q

- -4

Commencs ) 8.37 @50

Figure A.l. Page One of the Questionnaire.
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SELECTION OF OPEFATIONAL CHANGES

=1 1 0
70 [MPROVE PRODUCTIVITY —_ 0SSIBLE QUTCOMES ,
[ O N T N o SO I A )
D i =9 28 50X & = =3I
Parspective: Productivity imorcvements are 2 33532233 8922525
Usually the resuit of intentional operational = 4-5282328 IE:m5ZaEm
cnanges. oepending on the type and state 3f E PFT4CcaldD T xaZCE
current gperaticns, certain changes are more e Bl a™Zam 2TFEZTEE
Tixelv to resuit in improvement tnan others. R 24 aTR3023 2525203
- hmwa—-mg\:<:mg-1§z
Scensrig: Your organization is about to initiate T 2202539 *RsSe.2°3
orocduccivity-imzrovement nlans. Several target 22238532 3283352
activities and gotantial gutcomes are identified mEowin =z 2.7 0353
in tne magrix Selow. You have been asked % rank s 2372220 §5_, $55
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Figure A.2. Page Two of the Questionnaire.
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AUXILLIARY PROOUCTIVITY RATIOS FOR EVALUATING INVESTMENT PROPQSALS
CONTROLLING OPSRATIONS, AND ATTAINING SQCIAL QBJECTIVES

Perspective: Productivity has traditionally measured the output of 500ds with respect to an
input of production, usually workars hours. The curpose of the comparison is to detec? ¢hanges
in ratio levels and relate them to their causes. Productivity measurements also establish dases
te rcughly compare operations in various sactors of the national aconomy and in equivalent
cperations in other countries.
3o¢h the types of productivity measurements and their uses can be extanded. Auxiliiary

oroductivity ratics, such as “Safety Productivity” waich could relate rhe cost of injuries 0
nours worked, can suppiement existing criteria for decision maxing. Three arsas of application
acpear promising:

1. Evaiuanion gf ¢capital invesimens o 1s - ratios to sudDlement the “net-income/amount-
invested” criterion to rate s;ecific gains expected from an investment.

2. Control of ogerations - ratios t3 sudplement Drocess efficigncy measures trat can Jrovide
sarly warnings of ruture sperational gifficulties.

3. Achisvement gf social obiactives - suppiements O the "henefit/cost” critarion that
define and rate now well a project satisfies conditicns desmed desiradle for the weifara of
society.

Sgenarig: You are developing supplementary productivity /ratios to use in your current area of
~ar<. The aim in generaling new ratios is 0 imorove investment decisions (I}, goeratignal

satrol (C), and zeneral welfare satisfaction (S). five suggested rattos are jiven and tnese
Ire ta D& rated witn respect to cheir valug for exch of the potential uses (I, C, and S) fin
your arganization. Also, define and rata other productivity ratios that you foel would Se
scorogriate. For example, a ratio aspropriate to 2 delivery sarvice wcuid 52 "amount deiivered/
fuei consumed,” and it could de rated as very important in ¢eciging wnich vehicle %o invest i,
Tess important for rating the performance of venhicles in speration, 3nd zuite imoeriant as 2
-eisure of a national drive zp cut gasoline consumption.

Qirscsicns: Rata each sr3ductivity ratio as t3 its value in each use (I, &, and §) in your
type of work. Oevelop and rate additional ratios that you feel would be usaful. Maka ine 1
20 10 ratings according to the scale nelow {Enter O if the ratio is rot valid for ar application

in jour organization). R:Hewn Rating. S3 Sampd Yurane.,
Zecestive indi- Agpropriate Measures fact- [mpoortant indica- VYital measure
zator af value Consigeration ars or interes? tor of achievement cf criticality
1 2 3 4 g § 7 2 g _13
) : ) | Agglica:1on Areas.
Sradugtivicy Ratio . Nascristion {3 ey _(s3 |

) Seliing price af units, minus natarials 7:7_ "-50"'-347‘
imployment | Valye addsd (s} and components td produc2 the units, .1:5-d 3 o :

i

1
ratio Pecple employed (#) | ccmparea o equivalent aumder of fuil- 4.3 522812201

i time emplcvees cf the grganization. :
Znergy . Units Produced P ‘ Comparadle ?moun:s of outaut (acuivalent iz . g F:4.%i%:3% 1
sNEray . L——-‘———(——A—L. - | value units) per enercy input measurec - al
retio = Erergy used [Kw-ar) . in equivalent standard%zeo gics, . s=md sawid 10

Ferson-nours o SFoGUCTive LiMe SPEAT Lo niC. iTodd jed el
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Work fmoloy ked 'h .
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Ratio  Emcloyee nours faid  (arj!
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T Amount 0F ertain “yoe af material ' = P2 ey
unt or 3§ c Joe ¢ 32432 125D 5283
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Figure A.3. Page Three of the Questionnaire.
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Productivity Ratio Description (1) €y (s}

{Qther Productivity Ratio)

Ut LTy Incrense
TnvealmenT

(Another Productivity Ratio)

Barnaa HCOCS
Actual Weors

PROCUCTIVITY ANALYSIS

Jepgpective: [t is recognized that productivity racios <o not necassarily rsflact the
:fficiency of opoerazions, <o not crovide reliable comoarisons over a s2an of years, and
d0 not always reveal zhe affact of individual input or cutout comconents. Mevertheless,
tne ratios stili influence managerial decisions.

jcenarig: ‘Your organization has & productivity patterm,correcled to & base-year index,
snown in the table balow. Assume that net profit increased 2% a commensurate rat2 with
total producsivity gains 2ach year. (Also assume the national inflation rate is zero. )

1374 change 1879 change 1375
et output (1} 100 15% 118 13% 130
Labor input {2) 50 9 50 14% 57
apital input (3) 3 253 B 4% 52
.a%or groducsivity (1) + (2) 2.0 15% 2.3 ] 2.3
tapital producsivity (1) ¢ (3) 2.5 -3% 2.3 9% 2.5%
Total productivity (i) + (2 + 3) 1.1 ag “1.15 4% 1.1%

1. Is the increase in *otal productivity frem 1974 i3 1975, at no increzse in lanor iacut,
sufficient rsason 33 grant a wage incredse to workers?ei% (1 ves [ Vo 347
[# 7es, abouZ now large an inr-ease is reasonable? .16 %
Corments

3. 1 the decrease in capital productivity resulted from a mandatory cacital iavestrent
to conform to a new law restricting poilution, should this social senefit Se recognized
differently in the procductivity measure?4sg . Tes _ No 54%

[f yes, now?
3. who should benefit from the 4% gain in 19767 'What percentage of ine total arofit for
that year shauid Se distridutzd to each of the following parties, based on...
... an unbiased analysis ... what your orjanization
of data would likely do ... your personal opinicn
Dsid_ . t5 consumers 736 3 to consumers 1A-H2 % 0 consumers
1809 % o worxers 16.0F__ 3 o workers a1Je % %0 workers
208 2 gwners 25,83 % 9 owners 24:40 % 13 owners
40-49 _ " retained in 4322 % recained in MeJ2 % ratained in
190% oreanizatisn 100z Orsanization logy Orsanization
cmments

Figure A.4. Page Four of the Questionnaire.





