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ABSTRACT

Productivity measurement modelling cannot be the province of
the expert only. lLower levels of management, and production
foremen in particular, must become actively involved in the

process.

Active involvement embraces more than just a basic knowledge

of the different measurement models available. It requires
understanding of the concepts involved, so as to enable
participation in the development of measures pertinent to the
everchanging priorities in an own manufacturing situation.
For productivity to be improved, applied measurement must
first succeed on the factory floor.

This dissertation attempts to explore productivity
measurement theory and lifting out those aspects which are
important to manufacturing operations. The discussion of
theory culminates in a list of criteria which can be applied
to the development of any productivity measurement system.

All the key concepts are demonstrated by way of example.

Having established a theoretical base, the criteria are then
applied to the development of three productivity measurement

systems for a specific food manufacturing company.
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The measwement methods relate to the Total Productivity
Measurement, Industrial Engineering and Performance Matrix
concepts — each applied to different organizational levels

within the company.

The intent is not prove or demonstrate any relationship \
between productivity improvement and the introduction of
measurement. It is the study of productivity measurement per

se, which is at issue. Since introducing measurement haowever,
there has been a noticable improvement in the effectiveness

of certain sections within the organization. This matter is

commented on.



FART 1

The theory of productivity measurement as it would apply

in a manufacturing environment.



CHAPTER 1

INTRODUCT ION

1.1 OBJECTIVES

The productivity concept is something everybody understands.
It is also something which many find difficult to measure and
apply. Productivity proper, as theoretically defined, is a

most difficult measure to apply in practice.

To overcome some of these difficulties, a multitude of
performance measures can be introduced which are relatively
simple to apply. On the strength of the results so obtained,
certain assumptiocns can be made regarding productivity in the

organization.

To improve productivity requires commitment from those
seeking to benefit by it. Commitment can be achieyed by
underétanding fhe dynamic character of productivity
measurement. This understanding requires a knowledge of the
basic measurement principles involved, the different
techniques of measurement and some knowledge of fhe

organization for which a system is to be developed.



The objective of this dissertation is twofold. Firstly, to
present the theoretical basis for productivity measurement,
the aim being to improve the operational manager 's
un&erstanding of the productivity concept and its
implementation. Secondly, to develop a productivity

measurement framework for a food processing company.

1.2 STRUCTURE OF THE DISSERTATION

The dissertation is composed of two parts. Part one relates
to the theory of productivity measuwrement. The aim as
mentioned, is to establish a theoretical framework on which
specific measurehent models can be built. In part two, three
measurement systems are developed for application in the

target company.

In part one, chapter 2, the productivity concept, with

specific reference to efficiency and effectiveness, is
discussed. A concept, referred to as money—valued efficiency,
is also introduced to be later applied in one of the

measurement models in part two of the dissertation.

In chapter 3, under the heading of the productivity

measurement concept, various issues are raised. One of these
issues relates to the importance of the operational

definition in a measuwrement situation. In the latter part of
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this chapter a distinction is drawn between various selected
theoretical measurement models, which may possibly be of use

in an industrial company.

Chapter 4 1s dedicated to scaling. In the first hal+f, the
theoretical nature and principlesvfor developing measurement
scales are investigated. Thereafter constraints, as
applicable to productivity measwrement scaling, are

highlighted and include. the use of equivalents.

Chapter & is titled: "Principles of Productivity

Measurement”. The content essentially relates systems design

to the concepts "output” and "input” with an in-depth
discussion as to how these entities should be constituted.
Special attention is given to the methods applied in

calculating capital input.

Chapter 6 is in effect an introduction to part two of the
dissertation. Although the discussion is based on the

criteria which guide the choice of measurement models, the

emphasis is on providing a practical method to prepare for

measurement; i.e.; when confronted by a situation where a
measurement system has to be designed, how should the

challenge be met 7?

In chapter 7, the beginning of part two, a measurement model
is developed and applied to the target company on the level

of the total company. Data obtained from the company’s




financial statements is utilized for this purpose. Various
pitfalls encountered during the system’'s development phase

are also itemized and discussed.

In chapter 8 a measurement method is applied to lower levels

of organizational aggregation. A specific work station in the

target company is selected to illustrate the measurement

methaod utilized.

In chapter 9 the system developed in the previous chapter is
expanded tao include measurement on a higher level of
organizational aggregation. In the target company, section
level (one level h;gher than the work station) measurement is
seen as the key element to productivity improvement in the |
company. It is therefore important to develop a combined
indicator of productivity in the various sections. This

issue is addressed here.

Chapter 10 concludes the dissertation with comment regarding
difficulties and successes experienced during.the different
development phases. Where applicable, recommendations have
been made to improve the various systems and their

application.
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1.3 SCOPE AND LIMITATION OF THIS DOCUMENT

Although the theory contained in part one of the dissertation
would be helpful to anyone wishing to apply measurement in an
industrial setting, it is so structured as to fit the

perceived needs of managers in the target company.

Notwithstanding frequent reference to "organizational levels”
in the dissertation, measurement is applied to the so—-called
"unit of analysis". Each unit constitutes a system or
"measurement packet". The measurement principles which guide
systems development on each particular level in the
organization tend to be similaf — the only difference being
the content. Therefore, where there are numerous similar
units of analysis such as work stations, it is deemed
sufficient to illustrate each method by way of one practical
example only — as is done in part two of the dissertation.
To do otherwise would only introduce new sets of data,

without adding anything to the knowledge.

The development of the measurement system is ongoing and ever
changing in content. Principle therefore, is the important

issue. The rest i=s logic.



CHAPTER 2

THE FRODUCTIVITY CONCEFRPT

2.1 INTRODUCTION

The central theme of economic science is the allocation of
scarce resources. tconomic principle dictates that man is in
a continuous search for ways to obtain the greatest possible
satisfaction of his needs with limited resources. To
understand the productivity concept is to accept this

principle.

The basic productivity concept is defined as "..the
relationship of outputs to inputs”. And that is all it is.
Measuring productivity is not limited to the output/input
ratio. In fact, various constraints may prohibit meaningful
measurement using this format. The alternative is to measure
identified factors which regulate output and/or input, and
then to make assumptions as to their possible effect on the
productivity ratio. "Constraints” refer to practical
limitations in the measurement of the different variables in

the productivity eguation.



2.2 THE PRODUCTION PROBLEM

The productivity concept finds practical reason in
production. Production is defined as " any process which
converts or transforms a commodity or commodities into a
different commodity"” [Lancaster p. 5%91. It is not only the
making.of phbysical things, but their transport, storage and

selling, as well as the rendering of services.

A#11 these activities lead to "added economic value” of
commodities for which somebody in the system has to pay. A
business undertaking therefore takes cognisance of the
economic value issues, as part of the productivity
measurement problem. To do this, assuming a given type and
quantity of output, productivity can for instance be improved
by utilizing less of ahy one physical input without
increasing any other physical input. I.e., technical
efficiency is improved. Or productivity may be improved by
using less of one physical input and more, but not relatively
more, of another physical input. This relativity is
determined by attaching economic value to the various inputs.
Technical efficiency is therefore not the only issue. Unit
price and hence related total cost will dictate which input

is more efficient.

Traditional productivity measurement methods concentrate on
the efficient and effective utilization of resources [Sumanth
P- 311 — which in a sense encompass both the gquantitative

and qualitative aspects demonstrated above. Given a



strategic {(and systems development) emphasis however,
productivity measurement should be concerned with more than a
static measure of resource input in relation to output. The
factors which influence and direct efficiency and
effectiveness should also be considered for measurement. How
to measure these factors and relate their influence directly
on productivity is a problem. Chapter 4 addresses this

issue.

Firstly, in this chapter, the meanings of efficiency and
effectiveness, as basic indicators of productivity are

discussed.

2.3 TECHNICAL EFFICIENCY AND FPRODUCTIVITY

An objective of production is to meét the démands of the
market at the lowest possible cost. This can be interpreted
to mean that all things being egual, production must
endeavour to achieve a given physical output with the lowest
possible physical input [Radel pp. 2-431. The efficiency
concept being input related, this in effect means improving
the degree of technical efficiency with which resources are

consumed.

Whereas productivity is defined as the ratio of output to

inputy technical efficiency is defined as a ratio between the

expected consumption level of a physical resource{s), and the

actual physical rescurce(s) consumed. To illustrate the



difference between the concepts: if on a single resource
input, the expected consumption is 5 physical units, and the

actual consumption 1s also 5 units, then the state of

efficiency is 1. If output in the productivity ratio is S

units,; then productivity is rated as 1. A state of
inefficiency will exist'if, on input, consumption increases
to say 7 units. Assuming no increase in output, productivity
is now rated /7 = @4.7. As efficiency decreases, so does

productivity.

If production tons output is measured in terms of man—day
input in a process where other resources are also involved
{as there are bound to be), the measure being considered, is
that of the productivity of labour. It is not a measure of
the technical efficiency with which labour itself is being
utilized, since the Dutputvis not the sole result of the
labour input {see causality in chapter 3). Output is also
influenced by D%hEF factors not related to the labour input.
At best, the productivity ratio result will only be an
indicator of the technical efficiency with which labour is

applied.

2.4 MONEY-VALUED EFFICIENCY AND FRODUCTIVITY

In ow economic system, production is organized within
undertakings which compete in the market. An undertaking’'s
obhjective in the long run is to optimize profits [Radel p.
41. From an input perspective, this meane controlling total

cost.
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The production Qnit will endeavour to realise the given
physical output at the lowest possible total cost, whilst
maintaining quality standards. Price {(cost) implies a wider
definition of efficiency. (It also implies that there are at
least two operational definitions for the productivity

concept).

Money—valued efficiency can be defined as a ratio between the

intended total cost of a resource and the actual total cost

incurred.

Suboptimization in the use of resources (technical
efficiency) may result becausé of price considerations. To
illustrate the principles involved: In figure 2.1, output can
be defined as ﬁuantity » unit price, say 12 tons = R208 =
R2408, and input as quantity x unit price, say 12 tons x R68
= R728. The productivity rating on the technical approach is
12712 = 1. 0On the money—~valued approach, productivity is
rated R2488/R720 = 3.3. Assume that the-unit price of the
input decreases to R3@. Technical efficiency will remain the
same, but money—-valued efficiency will imﬁrove (R72B/ﬁ36@) by
180%. If the money wvalued scale is accepted, the productivity

will also inprove by 168%L.

Difficulties with the money-valued approach are that if the
different variables {(guantity and unit price) are not
separated at data source, it is difficult to determine the

cause of a change in productivity of the money—-valued kind.

b}
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: OUTPUT OUTPUT
OUTPUT = X
QUANTITY UNIT PRICE
INPUT INPUT
INPUT = X
QUANTITY UNIT PRICE
4 ll 4
MONEY VALUE TECHNICAL PRICE
PRODUCTWITY PRODUCTIVITY RECOVERY

Figure 2.1: Classifying Technical Efficiency and Money-vaiued Efficiency
T in the Productivity Equation.

With the single labour rescurce example used in para 2.3, the
productivity of labour, i.e., tons output/{man—-days x unit
price), now becomes a measure (indicator) of the degree of

money—valued efficierncy with which labour is applied.

The professed benefit ‘D‘F making use of the money-valued
efficiency and productivity concepts is that productivity can
be directly related to profit in an undertaking, as does the
Total Productivity Measurems=nt Model of the American
Productivity Center (REALST MODEL). CMason pp. 14—-14617.

 Refer to figure 2.2 which is self-explanatory.
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CHANGE CHANGE - CHANGE
IN b b IN -t IN
OUTPUT REVENUE OUTPUT
QUANTITY UNIT PRICE
} § ¥ ¥
) ) )
CHANGE CHANGE CHANGE CHANGE
IN ' iN iN IN
MONEY-VALUED « = TECHNICAL | sy PROFIT g gn PRICE
PRODUCTIVITY PRODUCTIVITY] RECOVERY
b § r |
b § r  ¢
CHANGE CHANGE CHANGE
IN IN IN
TECHNICAL | wems COST b INPUT
EFFICIENCY UNIT PRICE

Figure 2.2: Money-Valued Productivity and Profit (REALST MODEL).
" Adapted from Parsons J, Productivity Profits and Prices.

L

In theorvy,

prices for the different resource inputs,

quality.'

EFFECTIVENESS AND PRODUCTIVITY

National Productivity Institute, Pretoria, 1984, p. 6,

an undertaking will negotiate lowest unit cost
assuming acceptable

If not done, potential technical efficiency gains

would be squandered only to the benefit of the supplier. In

the same wvein, the undertaking will not necessarily pass on

technical efficiency gains to the customer in the form of

lower selling prices.

Convincing the customer to pay more

{and thus add more value to the undertaking’'s profits) can be
an indication of the effectiveness with which an undertaking
This in turn is an indication of

conducts ite business.

productivity in a subjective sort of way.



It is stated that effectiveﬁess as an indicator of
productivity is output orientated, as described above.

But, there seems to be no universal agreement to what the
term effectiveness means in either a theoretical or a
practical sense. How it i1s defined, reflects adherence to one
of two general approaches, namely the goal approach and the

systems approach [Gibson p. 353.

The goal approach is akin to the method of management by
DbjECFiVEE. The degree of accomplishment indicates the degree
of effectiveness. Mot only is output an entity to be
measured, so too is input. Any other factor which is thought
to indirectly influence productivity may also be isolated and
targetéd tor effectiveness measurement. In each case, the
level of performance to be accomplished will depend on the
perception that the people setting the ngectives have of the
factor ‘s impact on productivity — without their really

knowing the magnitude of the influence.

Within the context of the goal approach, there are basically

two criteria by which effectiveness can be measured. These

criteria refer specifically to the variables contained in a

productivity ratio;

1. Production: can be either quantitative or qualitative
output. It includes performance measures such as units
produced, rand sales, clients visited, énd so forth

{(compared to a target of course !}.
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2. Efficiency: Input measurement relating to either time,
physical guantities or monetary value. Example: output
expected to be delivered per hour divided by actual output
delivered per hour - say for a machine where output
translates into input, etc. Different writers attach the
same meaning to the efficiency and productivity concepts.
Productivity as explained, differs from efficiency. An
effectiveness measure of productivity can include a string
of ratios such as units produced/1labour hours utilized,

km/litres of fuel, etc.

In contrast to the goal approach, the systems approach
centres on people’s behaviour (be it an individual worker,
manager or group) as being the motivating factor to
effectiveness. To cite an example: The "inputs” of behaviour
are "causes" that arise from the work-place. The cause can be
a directive from a manager to a worker, or group of workers,
to perform a certain task. The input is then acted upon by
the individual ‘s (or group’'s) mental and psychological
processes tc produce a certain outcome. The outcome preferred
is compliance with the directive, but depending on the state
of the individual's processes, the outcome could be

non—compliance.

The goal and systems approach differ in the sense that the
former is concerned wifh intangible {(and sometimes undefined)

factors which influence the attainment of a goal.



Three criteria are cited against which effectiveness (of

intangibles) can be measured;

1.

Satisfaction: The degree of success in meeting the

psychological needs of stakeholders in the organization,
be fhey employees, customers, suppliers or shareholders.
Only those "satisfaction factors” which prDmoté
praductivity or efficiency are of interest. @Guality of
work life is an example of a "satisfaction" factor.

Adaptiveness: The extent to which the organization can and

does respond to internal and external changes. An
unacceptable level of work stoppages on a production line
may indicate an inability of the firm to adapt.

Development: The ability of the organization to increase

its capacity to deal with environmental demands. Training

is an example.

Effectiveness as a concept, stands apart from the efficiency

concept. For practical measurement purposes, the attainment

of an effectiveness level should be based on (stated)

expected targets. The absence of objectives would mean that

effectiveness canrnot be measured.
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2.5 CONCLUSION

Productivity is not a measure of either efficiency or
effectiveness,; but rather the resultnof both. Freductivity as
a measure, can be seen to indicate a state of efficiency
and/or effectiveness — just as the efficiency and/or
effectiveness measure can be seen to indicate a state of
productivity. As will be seen in chapter 3, this is also
true for the measurement of any other factor which has either

a direct or an indirect influence on the productivity ratio.
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CHAFTER 3

THE PRODUCTIVITY MEASUREMENT CONCEFPT

F.1 INTRODUCTION

Contemporary writers on industrial productivity measurgment
are moving away from the traditional notion that productivity
is to be expressed only in terms of either technical
efficiency, or fhe physical output over physical input ratio.
This development derives, in the first instance, from the
difficulties being experienced in bringing together a
reliabie data base on a consistent basis, for comparatative
measurement. Sécondly, as productivity measurement moves out
of the manufacturing environment, other factor relationships
{involving mainly intangibles) are being evolved which have
proved to affectypverall bhsiness performance. The emphasis
is quite clearly toward the measurement of so—-called

praductivity indicators or key productivity factors.

Ideally, a productivity measure should‘present a single
quantitative result, indicating either a deterioration or an
improvement in productivity. To achieve this, different

factor scales have to be combined into one common measure.
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To evaluate the risks involved in developing a measurement
system reguires an understanding of current productivity
measurement trends and the concept of scaling. Trends are

discussed in this chapter and scaling in chapter 4.

3.2 CAUSALITY AND PRODUCTIVITY MEASUREMENT

It is common practice to measure productivity performance in
terms of some resource or other. Inevitably, the guestion is
’ raised‘as to how much causal relationship there is between
the resource {(input) in question and ocutput, and between
resources and other societal variables. There i1s obviously
interaction. Mills [p. S831 makes the point: "In
general....it is most useful to measure Dufput with refereﬁce
to the input of human effort (or any other resource)... But
we must recognise that the effectiveness of this effort
varies not only with the intensity and skill of the human
%actor, but also with the number, quality of tools employed,
the amount of power utilized, the nature of the productive
organization, and other features of the productive process.”
He conludes: "Causality may be shared in many ways not

necessarily observable from productivity ratios.”

Illustrated above is a basic feature of the productivity
{(partial) ratio. The measu?ed change of the ratio does not
necessarily represent an improvement in efficiency of the
specific resource. The change is a function of the combined

effect of many factors. It is therefore advisable to obtain a
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"total” measure which includés all input gquantities combined
into a single denominator. If then, an increase (or decrease)
of one input impacts negatively (or positively) on any other
variable in the equation, this will be balanced out in the

single indicator result.

3.3 PARTIAL AND TOTAL MEASUREMENT

The productivity of a single resource is referred to as a
Fartial Productivity Measurement. If by estimation, all thé
so—called production factors (labour, capital, materials and
intermediate resources) are included in the measure (relative
to an output), it is traditionally called Total Productivity
Measurement. This terminology is somewhat ambiguaus. Not
all possible inputs and outputs can e;er be represented in
the productiyity equation. It is only "total” in terms of a
specific operational definition (see below). £ more suitable
term to describe the "total" concept is multi—factor
measurement, with the operational definition describing just

how inclusive the concept is.

The productivity measure is a relative concept in terms of
the output/input ratio. Productivity cannot be taken to mean
an absolute guantity. It is a meaningless measure if the
result is not comparéd with the productivity performance of
either: (1) a comparable period or, (2) another comparable
production unit or, (3) with a ScientiFically.determined

" standard.
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There are, as mentioned, also other indicator measures of
praductivity — commonly called "surrogate" measures. Any
factor having an influence on productivity may be measured.
Examples of such factors are sales levels, be they physical
quantities or total monetary sales vaiue. Or it may be the
level of absenteeism. Or the hygiene in a factory. There ére
many considered factors. All tﬁese "loose"” factors can. be
combined into a performance matrix in which-is derived a
single dimensionless number as measure of performance or
"total indicator of productivity”. A practical example
utilizing this method of measurement ié illustrated in

chapter 9.

3.4 'DPERATIDNAL DEFINITIONS

Z.4.1 Classification of Variables

Distinguishing between the theoretical definition of the
productivity concept presented, and the operational
definition required, is not always emphasized in literature.
The latter has to be developed, and will differ in scope,
content and construction in each particular measurement

situation [Lundberg pp. 58-6331. In practice productivity

measurement is built on the operational concept.
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Ndrma]ly the theoretical definition of productivity is
presented in terms of other concepts which are supposedly
already understood - such as "output” and "input"”. BEoth these
Eoncépts may bhave many meanings, depending on the
perspective, which will include such considerations as the
availability.of data, purpose of the measure and even the
agdience. The practical difficulties of productivity
measurement system design, as it relates to the operational
definition, revolve around three decidable issues:

1. Identification: of the variables which constitute output

and input. For example, an operational definition for
output could be based on physical product units sold,
together with utilities embodied in the sale, a utility
being something such as "service level”. To sensibly
anaiyse the results of such a combined concept, requires a
precise definition Df the class of product. For the
qualitative variable, a detailed description or
instruction for collecting and recording data is

necessary.

Although the above is a somewhat exaggerated example of an
operational definition for "output", the process is not
much easier when only quantitative variables on recognised
scales (tons, man—days, etc.) are involved. To overcome
the difficulties of scale combination,‘use is made of a
common denominating scale such as a monetary value scale
(see below).

2. Scaling: All the identified variables have to be scored,

each on a different scale.



3. Cambining: The results obtained on each scale then have to
be combined on a single scale if the intention is to
present an integrated output measure.

The same principles would also apply in the case of input.

3.4.2 Ambiguities

3.4.2.1 Reliability

An éperational definition can be considered to be a detailed
set of instructions on how to classify the primary variables
(outputs and inputs) unambiguously. This statement has two
meanings. For a quantitative variable it means selecting data
categories. What for example is meant by "units sold” - cash
sales and/or credit sales ? For a qualitative'variable it
means developing a new scale of measurement and tying in

- value readings f{(sees chapter 4). There may be.several
operational definitions {(different rating forms), which have
equal status, and are being used, but.with no agreement as to
preference. Each one may be wvalid in its own right, but
uncompatible for comparison. Whatever the case, each
prnéedure must be sufficiently precise, so that any other
person using it can achieve the same results. It makes for a

reliable measure.

3.4.2.2 Validity

When defining data into an operational format, the risk
exists that theoretical concept validity may be destroyed. A
question always arises as to whether an aperational

definitiocn presented, really measures that which was intended
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by the theoretical definition. it is argued [Northrop pp.-
85-881 that there is ultimately.nn method of associating the
two kinds of definitions other than by convention or common
agreement. The perceived confusion that surrounds
productivity measurement is a case in point. For example, who
is to say that the money—-valued productivity concept, as |
explained within the context of activities conducted by a
business undertaking (chapter 2), is not valid ? There are
most certainly many economists (hacro—economics).who will
frown on such interpretation. It is said that such practice
is inflationary and to the detriment Df'living standards.
From a macro—economic pérspecti?e it is certainly true, but
not so from the vantage point of the single business
undertaking. Society - i1.e. the political and economic
systems — should carry the responsibility for inflation.

This is the developmental nature of productivity measurement.
3.5 APFROACHES TO FRODUCTIVITY MEASUREMENT

Different approaches, each with different models are
presented in iiterature as - guideline examples for measuring
productivity in manufacturing undertakings. In consideration
of the.management task and the specific objective for which a
measured result is to be used, certain approaches may be
discarded as inappropriate. Even then,; the models which

remain, individually, cannot be presented as a definitive
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solution to the productivity measurement challenge in the
business undertaking (and more specifically 1in

manufacturing) .

Measurement Models

How productivity should best be measured in manufacturing is
still an open debate. The many measurement models developed
over the years have obviously improved the situation, but at
the same time, confused manufacturing management. The
manufacturing company’'s dilemma stems, so it would seem,
partly from an inability'to discriminate between the
different approaches available,; and to extract that which is
pertinent to its own situation. The different approaches with

comment are presented in summarized form:

3.5.1.1 The Index HApproach: also referred to as the "macro-—

economic—orientated” approach, 1s associated with economists
using measurement conventions adopted at macro— economic
level. This approach can also be considered to be "accounting
system—orientated”, in so far that it relies on existing
+inancial accounting data as the basis for calculation. It
utilizes the classical productivity ratio to measure
productivity gains and losses. In all the models under this
approach the so—called "constan£ monetary value rule”
applies. This means that physical quantities for input and
output variables are derived from monetary values reported on
the financial statements. To do this,; current monetary values

normally bave to be deflated.



Important madels presented under this approach are those of:

a) Kendrick and Creamer who developed the concepts "Total

c)

Productivity"”, and "Partial Productivity". The measured
result in this model (a few models actually) is derived
from financial statement ﬁonetary values by way of base
yvear constant unit pricing. The technical dimension of
productivity is at issue. Except for intermediate inputs
{see chapter %) which are omitted from the maodel, the
traditional resources {(labour, capital and materials) are
thus featured. .

Craig and Harris who refined the concepts of output and

input by including all cost—-based inputs and exploiting

the concept of eguivalent monetary value. A comparison of
ratio results over time is made by utilizing price indices
to achieve constant monetary Qalue in succeeding periods.

The American Productivity Center Model which makes use of

unit monetary value on both the output and input side,
which as an qutput/input ratio is separately defined as
the so-—called price recovery factor. This “"factor” is
attached to the technical productivity ratio which
exhibits physical output/input guantities. From the
combination of these two elements, technical productivity
is related to profitability (see adapted REALST MODEL in
chapter 2).

Theoretically this i1s an i1deal "total" measurement model.
Unfortunately the results become less reliable and
application more difficult as more input elements are

included in the equation.
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This approach is also supported by the National

Productivity Institute of South Africa.

[refer Productivity 5A, vol 14, noc 1, Feb. 1988 & vol 13,
no 3, June 19871

The Davis Model of Total Factor Productivity Measurement

which adjusts output in the standard ratio calculation to
represent the so—called value—added principle.

This requires further explanation. In partial productivity
measurement as per any of the index approach methods
{which is monetary scale based — see above), it is
considered necessary to adjust output. The total output
value is adjusted downwards by the combined value of all
those inputs not featured in the partial measurement.

The principal argument is that total income (output) of an
undertaking {(or of a commodity, department etc.) i1s a
function of the total cost {inputs) plus mark—-up.-. That
is, the cost of materials, labour, allocafed capital
depreciation, overhead and profit are taken into account.

The concept is illustrated in table 3.1:

Assume that the output and input values for two periods
are as indicated. In period 2 the cost price of the raw
material, drops from R18@8/ton to RS@/ton. The total
output value in period 2 is affected by this decrease in
input — because it is assumed that the mark—up {(or profit)
will be maintained whilst lowering selling prices. All

aother input costs remain the same in period 1.
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Although labouwr is still delivering the same output in
physical terms, the monetory scale indicates a substantial
decline in labour productivity. Subtracting the two raw
material wvalues from the respective total values, R23800

changes to R38@2, and R13866 to R3860G.

. PERIOD 1 PERIOD 2
TOTAL VALUE TOTAL VALUE
{CURRENT PRICES) | (CURRENT PRICES)
INPUT: Raw Materiais R20000 : R10000
Labour R 800 R 800
Depraciation + Overheads R 1000 R 1000
Mark-Up R 2000 R 2000
QUTPUT: income R23800 *R13800
PARTIAL PRODUCTIVITY RATIO {(LABOURY); 23800/800 13800/800
UNADJUSTED OUTPUT VALUE = 30 = 17
PARTIAL PRODUCTIVITY RATIO {(LABOURY}) 3800/800 3800/800
ADJUSTED OUTPUT VALUE = ‘ a

*Due to reduction in unit selling prices

' Table 3.1 : Value Added Concept applied to Partial Productivity Meaguremeant

On recalculating labour productivity with the adjusted
monetary figures, the ratios now reflect the figure 38
instead of 238 for the first period, and 38 instead of 138
for the second period. This is more representative of the

actual facts.
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Had the change in raw materials gone to profit (as it is
bound to), then subtracting this from output, will serve
no purpose for méasuring partial pdeuctivity. As such
the value-—added concept is rather outdated for application
in a micro—economic or industrial setting.

The value—added concept should not be confused with
causality. Its application does not cancel the effects on
productivity of other factors, already gained or lost.

e) Sumanth presents a model emphasizing the product as a unit
of analysis {(as opposed to the production process in the
other models). He directly relates the separate partial
productivities which are relatively easy to determine, to

the total productivity measurement.

A noticeable difficulty with all these index models is the
different definitions which are given to capital input.

There seems to be no agreement on how this should be
measured. Neither does any of the models present any credible
afgument as to what the capital input format should be {(see

chapter S for methods to calculate capital input).

The word "index approach" should not be confused with the
concept of indexing. Other approaches may, and do, make use

of the indexing concept.‘

I.5.1.2 The Utility Approach: This approach supports the

*performance indicators" or "surrogate measures" concept.
Measures vary from being a single operational ratio through
to a combination of ratios combined in the so-called

Ob jectives Matrix Model [Riggs & Felix pp. 82-92].
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The pretext for using this approach is that management
assumes "to know" which factors are important to productivity
improvement. With this approach the "cause” rather than the
"effect” for productivity movement,; as perceived by

management, is addressed (see chapter %).

3.5.1.3 The Industrial Engineeringgﬂpproach: In this
approach time study data is used to determine a measure for
DutpUt. Terms such as work study and work content are
synonymous with this approach. Although there is one example
[Greenberg p. 223 where total plant level measurement is
attempted with this approach, it is applied most extensively
on work station level; The emphasis is on timé standards,
i.e. measuring the output of a production line; a team or an
individual worker in terms of time. The level of productivity
is taken to be the calculated variance from a predetermined
standard. A benefit of this approach is that it can isolate

and report the cause of a deviation in efficiency.

3.5.1.4 The Financial—Ratios Appreoach: Within the context of

company productivity measurement there is still argument
whether profit constitutes output (it might be so for the
investor). Ratios associated with this approach are inventory
turn, debtor days, etc.. At best these and other similar
financial ratios can be classed as effectiveness performance

indicators.



3.5.1.5 Unit Costing Approach: This approach is conceptually

no different fromkthe_industrial engineering approach, except
that by making use of standard costing methods, a
monetary—valued standard,; instead of a time standard is used
to compare efficiency.

3.5.1.6 The Production Function Approach: This is an area of

study not cnnsideréa practical for use in the manufacturing
environment. It is used more in economic studies where some
general mathematical model is devel oped for output as a
function of input factors. This is not to be confused with
symbolic expressions utilized in the other measurement models

{(such as those of Sumanth) to express certain relationships.

Although not covering all the existing approaches to
productivity measurement,; the above—mentigned models
constitute what is believed to be the major categories
applicable to manufacturing. Scientific and technical
journals contain many derivatives based on the above
approaches. Examples.in these journals are situation
specific, and deviate from any one of the above models only
in the manner in which the operational definitions are

presented.



3.4 CONCLUSION

Operational management often has to improvise for lack of
data, and in the process omit essential features required to
maintain theoretical definition validity. It is for this
reason -important to distinquish, from the outset, the
different dimensions of productivity measurement, and to

apply these in a rational way to each appropriate operation.



CHAPTER 4

SCAL ING

4.1 INTRODUCTION

A productivity variable is normally described by an
observable set of characteristics. A characteristic may be

either a quantity or a quality. The variable value therefore,

’

may be either gquantitative or gualitative.

Numbers are assigned to each of the characteristics according
to certain rules - meaning some consistent, logical and ;alid
matching process between the characteristic and some scale.
To do this, either an existing scale is used, or, as is
necessary when measuring qualitative productivity facfors,

new scales have to be created.

In this chapter the theoretical nature and principles for the
development of measurement scales are investigated. It is
fundamental to understanding the limitations which may apply

when developing any measurement system.
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4.2 LEVELS OF MEASUREMENT

The measurement concept relates to certain categorization
procedures or levels. Particular mathematical operations
and/or different analytical (statistical) techniques can,
where appropriate, be performed only at the scalé level on
which observations are made. The principles relating to
scaling are summarised below. There are four scale
categories: nominal, ordinal, interval, and ratioc [Krantz

chap 1-31fSenders chap Z23{Blalock chap 113.
4.2.1 Nominal Scales

Many gualitative factors (variables) which affect
productivity have no natural measures {e.g., how is the
quality of work life measured 7?). hNew measures have to be
developed. Such a process starts at the nominal scale level,
where variables are classified with respect to certain
characteristics. Categories are thus created, (e.g.,
something is "good” or Ybad."). The aim is to create
categories that are as homogeneocus as possible compéred with
differences between categories. fAs long as the categories are
exhaustive {(inciude all cases) and mutually exclusive
(nonoverlappiné), miﬁimal conditions exist»which is necessary
for the application of statistical procedures. This is the
lowest level of measuwrement. No attempt is made to size the

categories or to make comparisons in a measurement sense.
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Numbers may be arbitrary used to label the different
categories, but they cannot be used for normal arithmetical

.Dperatinns (addition, subtraction, etc.).

The importance of an operational definition (of performance)
as discussed in the previous chapter is clearly demonstrated.
It is not likely that any two people, let alone two
undertakings, will support the same operational definition
describing a certain ﬁroductivity'variable. For instance, a
"good"” quality of work life ih’Dne undertaking will differ
considerably from a "good” life in another. The
characteristics describing "good" must be unambiguous. More

so, if frequent measurement is to be made over time using the

same scale.
4.2.2 0Ordinal Scales

Often, a néw scale can be created on which variables can be
grouped and ordered. For example, two departments in an
undertaking may wish to be compared as to their Dverali
output. "Output” in this case is undefined in the sense that
several unlike Eharacteristics are grouped subjectively to
represent the output concept. A scale can be set up on which
4 is ‘excellent’, 3 is';good', 2 i1is ‘fair’ and 1 is ‘poor’.
Each number identifies a different performance category or
level of performance. A scale value of 4 would indicate a
higher level of performance than a value of 3, and so on. On
the scale "4:>3","3»2" and "2>1". But the intervalé between
the units are not qual and the difference in performance

between, say a '"good” and "fair" performance in the one
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department is probably not the samé as the difference in
between a "“"fair" and "poo?" performance in_the other
department. Because of the interval inequality, the basic
mathematical operations of subtréction, addition, |

multiplication and division are once again not permissible.

A number of tehnigues are used to develop an ordinal scale
for qualitative factors. The Nominal Group Technique and the

Delphi Method are mentioned in literature. £Sink chap 43.
4.2.3 Interwval Scales

For praoductivity analysis, the preferred lowest level of
measurement is a physical unit of measuremenf agreed upon as
a common standard which is replicable. In other words, a unit
of measurement in which the interval differences are constant
throughout the scale.

An interval scale provides a relative measure of magnitude.

A drawback is that its zero~point'i$ arbitrarily chosen. For
this reason a person cannot say that 78 degrees Farenheit is
twice as hot as 35 degrees Farenheit. The difference betgéen
these temperatures is however the same as that between 105

and 70 degrees Farenheit.

Riggs & West [pp. 484-2901 mention various procedures
designed to vyield interval scales for gqualitative
productivity variables. The #irst‘method is based on a
standardized rating form. Depeﬁding on the variable being

measured, attributes are attached to a numbered scale
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describing each level of performance as a different standard.
Resulting values are collectively taken as a representative

measuré of performance {as indicator of productivity).

VA more reliable procedure, designed to yield an interval
scale is based on utility theory. Used extensively in
performance measurement, it rates qualitative and
quantitative variables together by @aking use of so-called
dimensionless numbers. For each variable an upper and lower
Iimit 1s fixed. For a qualitative variable it is done by
visualizing the perfect outcome as 18, and the worst possible
outcome as zero. Consider factory hygiene. To rate this
variable one can use a role model of the "cleanest factory
ever seen". Such a subjective standard would rate 168. The
dirtiest would rate a zero. Preferably each numbered level
will list a number of attributes so as to ensure consistency

of measure.

To rate a quantitative variable on a dimensionless scale a
similar procedure is followed. Rejects for instance can be
rated by scaling the lowest reject level ever recorded as 10.
A zérD number is obtained by using the highest level ever
recorded. The intervals between @ and 1@ can be divided on a
proportional basis. An example illustrating this method is

discussed in chapter 9.

The benefit of making use of these so-called dimensionless
numbers {or scales) is that wvariables {or criteria) may be
directly compared. The numerical reading obtained for each

variahle can be added to reflect a single indicator of
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performance. In productivity measurement this method of
combining variables goes under the names Multicriteria
Performance/Productivity Measurement Technique and Objectives

Matrix Procedure.

4,.2.4 Ratio Scales

A ratio scale is an interval scale with an absolute-zero
point. The number "@" represents complete absence of the
characteristic being measured. On this level all mathematical
operations are allowable. [LEvart pp. 12-1431. An example of
a ratio scale i=s the rands—and—cents scale for measuring
constant monetory wvalue. ' Mass and distance are also ratio
scales. Although the ratio scale is a "“perfect” scale, its
use in productivity measurement is limited in the sense that
different ratio scales are not necessarily compatible. How
for instance are man—hours added to tons of raw material? It
could be done by making use of a third common denominating

scale — if one is available.

4.3 SCALING CONMSTRAINTS

Where certain outputs or inputs are valued on a physical
scale (man—days, machine-hours, tons of material, etc.), the
different scales will be incompatible for combined

productivity measurement.
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4.3.1 The Principle of Equivalents

To overcome the problem of incompatibility any one ratio
scale common to all the different physical scales can be
.utilized to obtain equivalence. Normally a monetary scale is
used. This creates a problem in that the monetary scale is
considered value variable over time, which makes 1t an

interval scale, unsuitable for maintaining equivalence.

If money—-valued productivity is being measured the current
value monetary scale is adequate. Technical preoductivity
however is based on physical gquantities, which means that,

given a monetary value, physical value has to be derived.
4,.3.2 Constant Monetary Value - derived physical value

As per the REALST model i1llustrated in chapter 2, if unit
prices rise, total value will rise even if nothing else
changes. Technical productivity indices will show an unreal
increase unrelated to the physical dimension if the total
monetary values are used in deriving physical wvalue. This

problem is demonstratred in table 4.1:

Comparing the productivity ratios developed on the monetary
scale aver the two periods 238 (119808@/58) and 4G4 (20286G/5@) ,
énd those on the physical scales Z (18@/58) and 2 (19860/50) ,
the bias using the monetary scale values can be considerable.
Total output above is H1198@ (108 x R119) for the base

period, and R28Z200 (160 R20@) for period 2. Te achieve an



equivalent value on output in the second period, physical
output (188) i1is multiplied by the unit price of the base
period (R119). The example also demonstrates the principle

of "value weighing”.

PERIOD 4 PERIOD 2
PHYSICAL TONS OUTPUT 100 100
UNIT SELLING PRICE ' R 119 R 200
TOTAL MONETARY -
VALUED OUTPUT R11900 R20200
PHYSICAL LABOUR
INPUT 50 50
~ RATIO RATIO INDEX

PARTIAL PRODUCTIVITY

-ON MONETARY SCALE 11900/50 20200/50 170

- ON PHYSICAL SCALE 100/50 100/50 100

Tabie 4.1.: Distortion deriving Physical Value from
T  Monetary Value

In practice the manner in which data is presented, is
somewhat different. Unit prices are not always separately
available. As a result, the method of weighing to achieve
constant monetary value cannot be utilized. The alternative
is to apply total monetary value deflation. To do this, the
company must have a price index available whiﬁh re{lecfs the
price changes of its mix of outputs and inputs. National
indices, such as the Consumer Price Index will probably not

be suitable for this purpose. The procedure is to select a



40

base year and to convert the actual rand values in subsequent
vears to the base year equivalent by applying the appropriate

price deflator.

Even if the price indices used, are assumed to be an accurate
representation of rising unit prices, it cannot be claimed
that all the bias and distortion are so removed and not
transferred to the derived "physical" values. It is quite
possible for a price change to have taken place twice during
pne period. If that period’s "average" price is not adjusted,
it will cause & distortion to the derived physical value. A
simiiar problem 1s caused when new products'are introduced or
old ones removed from the market during subsequent periods,
or if the output prodqgtvmix and/or input resource mix change

between periods.

Interpretation of the productivity results based on derived

"physical” values should be approached with caution.

4.4 CONCLUSION

To be credible; measured results must be reliable and the
method consistent. In terms of scaling, the guestion may well
be asked, how is it decided what level of measurement is
legitimate? The answer is not'quite so obvious. Many
qualitative factors professed to affect productivity are

these days being targeted for measurement. Because of



scaling limitations these gualitative input variables cannot
be directly tied to output in a measurement sense, i1.e. in a

single equation.

To overcome this problem there are three practical remedies.
Making use of the ratio format, one must either break down:
the index into separate dimensions of partial productivity so
as to admit ratio level of measurement, or "force"” an
interval scale on the data by making decisions on the
relative weightings of each dimension and the equivalence
involved.

A second alternative is to make use of so—called formal
indicatofs of productivity, i.e. measuring for efficiency and
effectiveness on a partial basis.

A third remedyvis to combine different indicators
f”surrogate" measures}, using dimensionless numbers in a
matri»x. The result so Dbtained,<i5 a performancevmeaéure
from which certain assumptioﬁs can be made as regards

productive behaviour.
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CHAFTER S5

PRINCIFLES OF PRODUCTIVITY MEASUREMENT

5.1 INTRODUCTION

An undertaking (company) is a unigue organizational system
comprising many iﬁterrelated subsystems. In terms of
production such a system uses labour, capital, materials
and/or other inputs to prodﬁce or add value to output.

[Gallop pp. 351.

Each subsystem is a complete system in its own right. The
definition {(scope) of the system will delineate its output
and input. A system may refer to the total'cnmpany, a
manufacturing plant, 2 production line, a work group, a work
station or an individuai. Or it may be one of many
functional departments such as engineering, marketing and so
forth, or a cnmbination of any of the above and some more.
The subsystem concept is an ideal tool to structure clear—cut
measurement packages, since by definition: ".. a system is
nothing more than a collection of components {(inputs)
interacting as a process to achievé a specified objective
{output)..” [Bedwortb pp. 14-193J. The relationship of these

elements is depicted in figure 5.1.



Feedback +

Conversion
INPUT = OUTPUT
Process
Labour | Tangible
Capital & Intangible
Material Product
Other
1+ 1+

Data Data/Information

Figure 5.1 : Elementary Systems Model

Inferred by definition is that the boundaries of a system
enclose all components which directly interact. These may
include outputs from other systems which become an input to

the target system. [Matthews pp.57-691.

Theoretically, any of the productivity measurement approaches
(methods) mentioned in chapter 3, can be applied within any
systems combination mentioned above. Depending on the
specific measurement objective, a comprehensive measurement
system can be of a "coupled” or "de—coupled" design nature.
This enables independent and overlapping measurement  {(more

than one method) to be applied. Figure 5.2 depicts what is

meant by "overlapping'”.
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“SURROGATE" |
MEASURES

EFFICIENCY & EFFECTIVENESS
MEASURES

“INDEX APPROACH" RATIO

MEASURES

ALL VARIABLES AFFECTING \
PRODUCTIVITY IN THE -

COMPANY (OUTPUT & INPUT)

Figure 5.2 : Venn-diagram; Measurement Techniques (Approaches) Overlaps

5.2 ORGANIZATIONAL STRUCTURING

The wider the scope of the system’'s definition,.i.e. the
higher the degree of organizational aggregation, the more
likely it will be that output and input data will be
availablé in monetary value only. Lower down, on work
station level for instance, reliable direct physical and time

measurement is more readily attainable.

For this reason only three measurement approaches are
practical: index, industrial engineering and "surrpgate”

measures.



The theory of multi—-factor (total) productivity measurement
(Index approach) on the level of the company is well
developed. There are various risks to the application, not
the least of which is data reliability. In this reqard the
financial recording and reporting system plays a crucial

role.

Work station or production process data recording and
reporting ftor productivity measurement is not as a rule a
financial function. Independent time standard or physical
unit measures are utilized to determine the degree of

technical efficiency for each subsystem.

There are many other organizational levels {or subsystems) to

be concidered for measurement. & host of surrogate measures,

operational ratios and the like, which serve as "indicators"®

of productivity can be applied. #All the measures mentioned
i

are considered complementary. Used in parallel combination,

they will diminish the problems commonly associated with

productivity measurement (for "problems" see chapter &6).°

5.3 THE GUTPUT CONCEFT

S.3.1 Total Output — For the "Total Company” Level of
Measurement

The system or unit of analysis here is the total company.

Output can be defined in either a téchnical or money-valued

sense. Normally, ocutput is taken to mean a tangible or
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physical commodify. Hence it has to be decided whether the
gperational definition of output must be based on sales or
production. [Siegel p. 161. Writers differ on the concept
definition of output. Physical output js not the only issue,
they say. ¥...Productivity growth is a measure of economic

performance.." [Gollop p.571.

These sentiments are also expressed by Takeuchi [p. 53]3:
YA production—orientated concept Df‘DUtput poses several
problems, even for the manufacturer. Take the
manufacturer of a television set as an example. What
comes out of the factory may be a tangible product, but
certain services are added to the factory output in the
form of packaging, warranty, customer instructions,
financing, delivery arrangements,; and so forth. These
services are additional values.embodied in the
produét ...... to say that the manufacturer’'s output
consists solely Df tangible products is, therefore, too
simplistic...”.

The same theme or line of reasoning is of late being

expressed in technical literature related to marketing. (Gee

Appendix A — Brands are Assets).

An interpretation of the views of people like Takeuchi, is
that intangibles should be measured as monetary “value added"
in addition to the tangible {physical) value of output. How
this "added valué" concept is to be handled in terms of

measurement, is unclear. To accommodate the concept, an
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argument can be made for money—valued productivity. A
practical measurement method regarding this issue is

demostrated in chapter 7.
5.3.2 Subsystem Output — Operational Production Units

.Dperationally, subsystems can be either vertically or
horizontally integrated into the total company system. The
operational unit can be a system in its own right. If a
operational unit (a work station, a production proéess, a
manufacturing plant, or whatever) produces a physicai product
(final or intermediate), the output definition can be defined
accerding to the guidelines mentioned above. Data will
probably be available in physical format i.e. kilograms,
nunbher of packages etc., and need not be derived from a

monetary scale.

5.3.3 Output — The Utilization Concept

\
Utilization 1s defined as the degree to which the resources
committed to a process are actually converted into output.
The concept is rooted in work study and can be applied to any
physical resource being utilized. As appropriate, utilization
can be accurately measured in terms of time or guantity. It

is an indicator of efficiency.

The concept is illustrated by way of example as follows:
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- TOTAL MAN-HOURS AVAILABLE o -
IDLE | OPERATING
TIME LOST
. REWORK PRODUCTIVE
BY WORKER | BY MANAGEMENT WORK
' : i PRODUCTIVE

Figure 5.3 : Composition of Labour Time
——  Adapted from Humprey & Halse p. 19 and
Van Niekerk p. 22

As per figure S.3; "total man—hours available” is the
official working time for which the employees are paid. It
can also be taken to be the total time allowed for a job.
The total périod can be broken down into time spent idle and
time spent at work. Idle time is made up of time lost by
workeré themselves or by management. Extra work is defined
as rework and/or other unnecessary work done by the worker.
The balance of the time is used for productive work.
Efficiency is calculated as productive time over total

man—hours availableﬁ

Making use of tHis technigque requires that a theoretical
"output” standard be established. Actual output achiéved is
compared to standard, and efficiency calculated. This concept
is more fully illustrated by way Df.a practical example in

chapter 8.
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S.4 THE INPUT CONCEPT

An input can be described as any factor which affects a
related output. The operational definition should indicate
whefher a specific variable be classified as an output or
input. Example: product quality can be seen to be an input to
sales. It can also be seen to be an output if, for instance,

the input is training, undertaken to improve workmanship.

Instead of trying to fit "product quality” into the
productivity ratio, it can be measured separately as an
independent entity ("surrogate"‘measura). In other words, it
is measured either as an input or an output. From the
singular result cbtained, conclusions can be made in terms of
" its effect on productiveness. If guality deteriorates on
whatever scale MEasured, it can be assumed that productivity
will also deteriorate. This assumption is amply supported by

research results.

Referring specifically to the "total company” level of
measurement, an input can be brought directly into the
productivity equation by way of the financial statements.
Inclusion will of course depend on the ability to identify
and scale the input variable. Using the index method, input
types are normally classified under the headings: 1abour,
capital, material and intermediate. Intermediate inputs are
other cest items, not included in the other categories, where

"cost” has the same meaning as in the income statement.



5.4.1 Labour input

The pﬁysical measure of labour is man—hours. Depending on the
operational definition, labour can be the man-hours expended
by all people engaged in the production of an output, without
differentiation as to the different classes of labour, i.e.
ane man—hour of unskilled laﬁour has the same value as one
man—hour of skilled labour. Provided there are no major
proportional changes in the labour mix between measured
perinds, such a measure is considered adequate. The ideal
preferred, considering economic interest, is to weigh the
houre according to some pattern of labour composition, be it
by skill, compensation or other factor. The choice as to how
to categeorize labour input is left to the individual
undertaking. There is no prescription except for consistency

of application.
S3.4.2 Capital Input

Capital input rates as the most controversial aspect of
productivity measurement on the level of the company. The
"gquantity” of capital is not so intuitively obvious a notion
as the "quantity” of labour [Siegel p. 1231. Capital can be
theoretically defined in many ways. Useful though, is to
divide total capital {(as per balance sheet) into fixed and
working capital. Given this classification, fixed capital is

the category of greatest interest.



Fived capital comprises element

i

such as equipment,
machinery, buildings and land. Literatw e makes mention of
four basic methods to measure this input. fRiggs & Feiix

pp.71-733:
S.4.2.1 Depreciation value method

Depreciated book wvalue is taken as an approximation of fixed
capital consumed. It is estimated directly from the
accounting records. For consecutive period measurement, input
is taken to be the monetary depreciation charges. Since the
depreciation values are normally arrived at only after due
consideration of tax benefit write-offs in the first year of
operation,; the reliability of the concept is suspect. The
inflation factor impact is as a rule nét considered when

deriving "physical? input [Sumanth p. 16113

S5.4.2.2 lLease value method

The rental price or lease value approach visualizes capital
assets as being leased [Graig & Harris p. 243. To calculate
usage values, current purchase prices are deflated to base
year values. The bhase year value is then multiplied by an
annuity factor, set to recover the invested capital over the
expected life of the asset and the desired return (for the
imaginary lessorl). This rental cost is then the input wvalue
+or the year.

Example: if the real—-rand value of a machine is RSO888, its
life & years and the expected rate of retwrn 2874 , then the

annual "rental? cost (input) is calculated as:



Value of fixed capital Sum of annuity values for
tnput for company = each asset, calculated

on base year caost, pro-
ductive life, and cost

aof capital.

I

RSBBOG x capital recovery
factor 20%Z over
6 years.

RSO0 » @.30a71.

R15835.

S.4.2.3 Annual cost method

Similar to the lease wvalue method, a "consumption® plus
retuwrn on capital percentage is charged against real-rand
capital stock to ebtain annual capital input. The
"CDnsumﬁtiDn" rate is determined by estimating the useful,
and not book life of an asset. If the useful life is
estimated at &6 years for instance, an asset will loose 16.7%
af its value annually, which is then the "depreciation” raté.
In addition a return rate of 20% can be allowed, depending on
the average estimated cost of capital. Annual Capital input
is calculated by multiplying the real—-rand gross investment

by 36.7 percent.
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Example:
Value of fixed capital = Depreciated value of asset x
input in company {depreciation rate +

return rate).
= RSOAAA » (B. 167 + B.20).

= Rr18350.

Additions to fixed capital; where the scope of measurement is
wider than just one asset as in the example, will be deflated

with an appropriate price index to a base year wvalue.
5.4.2.4 Perpetual Capital Inventory method

Not tied to the financial accounts, a separate control is
introduced for capital asset inventory values. An asset’s
annual consumption is estimated to establish a schedule of
depreciation based on actual use,; not tax life. The estimated
consumption can bé calculated as a fixed amount by dividing
purchase value, deflated to base year wvalue, by the estimated
actual life. Each year the portion of an asset’'s worth that
is "consumed", is then dropped from an updated inventory. For
instance, if the estimated useful life of an asset worth
RSBAVA® in the base period is &6 years, then consumption is

RBE33 per vear:



Value of fixed Capital = Gross value inventory in
input base period — updated
capital inventory value.
Where updated inventory value is: Gross wvalue base period -
consumption in
previous periods, and

therefore, inventory end year 1 = R30000 — R8333 = R47667.

year 2 RS0BBB — R16666 = R33334.

and so forth.

Other parameters can be used to estimate “"comsumption". If
it is estimated that the machine may be utilized less later
in its useful life, or require more maintenance, consumption

values can be loaded in the earlier periods.
5.4.2.5 Concluding Remarks on Capital Input

It should be remembered that the input element of the
productivity ratio referred to, 1s supposed to be measured in
physical units. Given the difficulties, should capital really
be considered for inclusion in the productivity equation?
Most examples using index models either ignore capital as an
input, or apply methods of measurement which seem to be of
little assistance to operational management.

Nevertheless, the following measurement method ishsuggested:
Working capital may be captured in the income statement as
the interest payable on net working capital. If interest is

received, it becomes an output or "positive" input. Different

interest rates cam be categorized as input sub-categories of
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working capital. Physical value can be derived on a deflated
monetary-—value basis. In other words, the amount of money

value received in interest is deflated to base year walue.

For fixed capital, alternative methods to those mentioned
above, are difficult to develop and introduce, given that the
company’'s accounting practices normally force the issue.

Each of the methods presented, carries risks. Since all the
methods go out from a recorded rand—-value base, some methods
may overstate value if the derived "physical” write—off 1is
too large too soon, 6r understate value 1f straight +financial
depreciation methods are used to value capital usage.
However, fixed capital can be considered in use twenty—four
hours a day. Input can be calculated using this basis which
is more or less the same as that for the depreciation method.
Input is "uncontrollable"” once the company has committed
itself. in a sense the level of capital productivity will
depend on market sales demand and not on how production

conducts its operation.

On lower levels of aggregation, fixed capital input can be
measured in terms of machine hours or utilization, separate

from financial considerations.



5.4.3 MATERIALS AND INTERMEDIATE INPUT

All other inputs besides labour and capital are classified as
either materials (raw materials and packaging) or
intermediate goods and services. The latter being things
consumed in the process of producing output. Included are

energy, operating supplies, and other purchased services.

Goods purchased into stock can in most cases be accurately
adjusted to show actual physical usage. The other
money—valued inputs are deflated to base year prices so as to

derive an imaginary physical value.

5.5 CONCLUSION

Except for the productivity ratio concept, there are no other
fixed principles. Inclusion of a variable in the equation
will depend on the operational definition and the ability to
scale such variable. The traditional format (index approach)
of productivity measurement has many practical limitations.
For this reason "surrogate"” measures are utilized provided
that there 1is an obvious and predictable relationship
between the behavicur of €he surrogate measure and

productivity.
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CHAFTER &

FRACTICAL PREFPARATION FOR HMEASUREMENT

6.1 INTRODUCTION

For each situation, a measurement system has to be built up

from scratch. The theoretical models presented in literature

serve only as conceptual frameworks around which particul ar
proac b ioal measorenent st oamenbs oare ol bt o sailt tocal
conditions. Operationally defined concepts will differ in

each particular instance. The need for direction as to where
one should start with the measurement process, is seen to be

a problem.

6.2 CHOOSING THE CORRECT APPROACH

The ultimate measure of a system’'s success will be whether it
achieves the objectives for which it was developed. Certain
criteria are common to choosing an appropriate productivity
measurement approach and identifying individual measures
[Seung—-il et al. pp. S55-5661. In this chapter these

criteria are identified and discussed. This 1s in



preparation for the design and development, in part 2 of this
dissertation,; of a measurement system for the target company.
fWeiss pp. 11-1463t6Guwion pp. 37-38llkKerlinger pp. 71-753.

These criteria are:

Criterion 1. Unit of analysis: To refer to "levels in the
organization” as being the facﬁs of measﬁrement can‘be
confusing. Mesasurement should be applied to a "unit of
analysis” instead. The idea ié to divide the company into
independent "measurement packets”. There are potentially as
many units of analysis as there are activities in the
company. Only certain organizational units thDugh; are
targeted for measurement. In the target company these units
are:

1) The total CDmpany {as one system)

2) Sectiecns (or work station groupings) within the

different responsibility centres

3) Individual work stations. {(See Appendix C for the

organizational chart)

The definition of each unit may be narrow or wide, i.e.
starting frem an individual person or one machine and
progressing up to the whole company. Whatever the choice,
the unit should fit in with the formal organizational

structure, 1.e. clarity as to accountability.

Criterion 2. Purpose of measure: in terms of what management

wants to achieve. fre the measurements to be impraovement

(show "cause") or control (show "effect") orientated? For



each unit of analysis, specific objectives should focus the
direction that measurement should take. Examples of such
objectives are:

—to serve as psychological stimulus toward better
performance by management, supervisors and/or workers.

—to deter&ine which major factors in the organization
(system) influence productivity.

—to assist proper planﬁing and busine=ss forecasting.

—to appraise, by means of before-—and-—after productivity
camparisons, the efficiency of remedial actions.

—to establish realistic hiring and training schedules.

—to improve work routine and plant layout.

—~to improve timing on equipment and process change
decisions. |

—to assist buy or make decisions.

—to detect changes in output in respect of alternative
inputs, in order to correct undesirable action, and to
exploit desirable methods and technigues.

~to control the extent to which individuals, work groups
and, in general, operational units are efficient and/or
effective.

—to adjiust operational work loads.

—to control costs by means of targets for reject production
and for unit requirement of laboqr, capital, energy and
materials. |

—to facilitate wage and bonus payments.

—to direct budgeting.

[Van Niekerk p. 13. Also Siegel p. 353
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The list is not exhaustive, but illustrates the point that

situational needs will differ.

For the target company there is an overriding goal: The
system must, as part of total company strategy, facilitate
aﬁd strengthen a movement toward a decentralization of
tactical decision making to the middle and lower management
levels in the organization. (See internal report in Appendix

B.)

Operationally, the underlying goal to be striven for through
measurement on the level of the total company, 1s that it
will afford a measure of control. On a section level, the
goal is top promote team work. On work stationilevel it is to
promote worker motivation. Hard objectives, specific to each
unit of analysis for which measures are déveloped, are given

in part 2.

Criterion 3. Type of Data: This criterion has two sides.

Firstly, how detailed is the existing data base, and does it
tie in with the units of analysis targeted for measurement?
Secondly, what detail is required, and on which scale is it

to be measured?

In the target firm, a two-tier information system is
maintained. The first tier comprises the normal infegrated
finanacial or management accounting system, consisting 5{ a
balance sheet and income statement. The income statement is

of a mixed classification with some elements of a trading

statement and manufacturing statement for the firm as a
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whole, as well as infermation in the form of manufacturing
statements for three production departments (called
responsibility centres). Costs are debited or allocated
directly to all the responsibility centres. The format is

scheduled in Appendix D.

Second-tier data Driginateé in the manufacturing department,
and is generated in the work.stations by means of production
controllcharts. The system contains mainly non—monetary
machine utilization and other data for the exclusive use of
the manufacturing department. Labour time measurement is
determined by incorporating data taken off the clock cards
located in each reponsibility centre. The clock card system
{s administered by the personnel department who supplies
information to both the financial department and

manufacturing operations for further manipulation.

Criterion 4. Concentration: refers to the degree to which

the measurement administration is to be centralized or
decentralized. The organizatiopnal structure has to be

considered.

Notwithétanding the organizational structure, the reliability
of measure is most important. Reliability is the extent to
which repeated measurement produces the same result. Errors
in the measurement prcess should either be consistent DVEF-
time or minimized. & measurement process can have the

following types of error:



&

1) Variable scaling: which refers to the inherent qualities

of the scale itself. Utilizing a nominal or interval
scale for instance can cause difficulties. Error can be
minimized by ensuring thorough Dperational definition of
concepts, write-up and scoring.

2)0Omissions: are a function of operating procedures error.
In the case of the total productivity measurement model
in chapter 7 For.instance, reliability will depend on the
gquality of data supply from the financial function.
CDnsequently.this model is best administered on a
centralized basis. Omission and incorrect recording can,
on work station level, also be a problem. Daté recording
forms design should enable easy write—up.

IMMisclassification: is when certain entities are

i
incorrectly allocated or omitted. For instance, where an

input is recorded under a resource heading not intended.

Criterion ©. Time Frame: has to do with the time scale of
system introduction and operation. Performance measures
{("surrogate measures”) can be introduced reasonably early.
The data required can normally be generated on a routine
basis on work station level. The nature of such measures are
mostly non—financial. Real productivity measures
{output/input) on the other hand, réquire a very high level
of commitment and cooperation from all the people in the
organization to be effective. This process i1s time
consuming. |

In the target company the measuwrement needs fall within both

categories.



Criterion 6. Comprehension Level: refers to the user profile,

i.e. the audience for whose use the results are intended.
Whatever the measure, the content must be comprehensible‘to
the users. Given the need for worker participation in the
decision making process (identified as specific objective in
chapter 8 on work station level measurement), certain
reporting difficulties have to be overcome. Abstract ratio
manipulations are not suited to shop—-floor understanding and
discussion. A rule i1s to present results as simplistically

and graphically as possible.

Criterion 7. Reporting Time cycle: refers to how often result

reports should be made available — daily, weekly, monthly or
yearly. With productivity or performance measurément,
feedback time is of tﬁe essence.

Financial function based measurement systems normally lack
time versatility. Administratively, data should be
manipulated as near as possible to the source so as to. limit

information feedback time.

Criterion 8. Performance Criteria: To manage productivity

effectively, the array of measures should alsoc include key
factars which affect productivity. In addition to the
productivity ratio and measures of efficiency and
effectiveness, there are "key productivity factors” {(Geyser
PP -~ 7-171, which unconciously affect productivity. Examples
are factors such as absenteeism; quality, working conditions,
etc. Each Qnit of analysis will have a unique set of factors

to consider.
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Criterion 9. Single Indicator: For each unit of analysis, the

measurement system must allow for the different indiwvidual
measures to be combined into a single numerical indicator of
productivity or performance. Only the Totél Productivity
Measurement Method (Index) 15 capable of measuring
productivity proper, where all the partial productivities can
either be reflected séparately or combined into a single
indicator. The results of all the other measurement methods
such as the Industrial Engineering method and other
"surropgate measures” are “factor” measuring devices. The
numerical results cobtained are indicators of pdeuctivity.
By;making use of the Matrix Method, the results can also be

presented as a single indicator.

Criterion 18. Controllability: The activities measured should
be controllable by the responsible person. For example, the

measuwre of machine efficiency is not necessarily a reflection
of the efficiency of the labour resource operating the

machine.

Craiterion i1i1. Inclusiveness: The numerical results of

productivity measurement obtained should ideally include all
the measurable variables associated with the cause of
performance. Hawever7 the measures decided upon will depend
on many operational considerations. The sysfems design
therefore, should be concerned with supplying answers only to
what is required. In productivity measurement there is more
than one way of measuring what is essentially the same thing.

If a so-called swrogate measure will suffice, then it can be



used instead of the more complex measure. The problem with
surrogate measures though, is that they fraément the
measurfng process. The system is therefore not integrated to
the point where a "total effect" reading can be made.
Consequently, a person is not always certain what effect

improvement in one area has on the productivity in another.

Criterion 12Z2. Quantifiability: This criterion refers to the

ability to identify and =scale the factors which affect
productivity. It may also refer to the combining of different
scales. Much of this issue is covered in chapter 3 and

requires no further comment.

Criterion 13. Validity of Measure: Finally, but perhaps the

most important, is the issue of validity. It refers to the
extent which the formulated measure is measuring that which
it is supposed to do. When_the physical output over physical
input is presented, there can be no controversy. I+ the
operational definition calls for physical value to be derived
from a giveﬁ monetary value, there still can be no
controversy. I1f efficiency i= being measured, its linear
relationship to productivity is alsoc normally accepted. The
problem arises when a suryrogate measure is taken as an
indicator of productivity, as the conclusions can be
dicsputed. It is up to management to evaluate the importance
to pdeQctivity of such a measure. Operationally, the only
logical way to justify a surrogate measure, is to treat i1t as

a measures of effectiveness.
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6.3 CONCLUSION

Each measurement situation has its own idiosyncrasies. The
ériteria however , reflect common issues which have to be
considered before embarking on productivity systems
development.

Given the units of analysis selected and the theoretical
characteristics of the different models discussed thus far,
three models will be developed namely:

1) the Total Productivity Measurement Method (Index) for

the company as a whole

2) a Dimensionlecss Mumber Matrix which combines various

surrogate measurecs of performance for different

sections,and

3) the Industrial Engineering Approach to measure

efficiencies and effectiveness within the work

stations.



PART 2

Productivity measurement models for a manufacturing
company.
The target company is involved in the milling, packing

and marketing of grain products.
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CHAPTER 7

FPRODUCTIVITY MEASUREMENT ON TOTAL COMPANY LEVEL

7.1 INTRODUCTION

In the target company the only re—bccurring and consistent
source of data which relates total income (oputput) to total
cost (input), and from which can be developed a total company

productivity measurement model, i1s the financial statements.

The ideal data format and detail required, were presented in
figure 2.1 (REALST), chapter 2Z. Depending on the available
data detail, several variants of the total productivity
measurement method (ér index model) may be applied.
Application in a practical sense, 15 guided by a specific
operational definition of the productivity concept. Whether
total monetary values are utilized to derive physical outputs
and inputs, or monetary value is to be included in the
productivity concept - by implication the issues of

reliability and validaty will feature prominently.
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7.2 SPECIFIC PRODUCTIVITY MEASUREMENT OBJECTIVES

Specific objectives relating to productivity on company level
measurement are the following:
1. To provide an analytical ﬁdeuctivity audit of
company performance.
2. To facilitate productivity control of non—physical
trancsactions {(functional services).

3. To assist with the setting of productivity
objectives for planning purposes in terms of
money—valued efficiency and effectiveness.

The use of the information emanating from thé model , is

primarily.to aid top management in operational decision

making.

7.3 THE TARGET COMPANY INCOME STATEMENT FORMAT

Income statements for two perionds of a food manufacturing
enterprise are precsented in the Appendix section. In Appendix
D, the statement for fApril {(period 1) is presented, and in

Appendix E, the statement for May (period 2).

Apart from the total monetary value being stated,vthe
statements include a horizontal classification which breaks
down the total monetary value for allocation to the various

middle management responsibility centres. The column
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classitication daes net necessarily signify importance within
the organization’'s authoritative hierarchy. S5ee the

organizational chart in Appendix C.

7.4 JINCOME STATEMENT IS5SUES

On company lewvel performance measurement, the operational
definitions of both the productivity concept and other
productivity variables will be decisively influenced by the

financial data presented.

The reliability of data taken from financial statements
should as a rule be questioned. What is seen as perfectly
correct procedures in financial measurement, may not be
acceptable fDrvpdeuctivity measuwement. Agreement has to be
reached on the manner and consistency of financial reporting

practice. Areas of concern may relate to the following:

1)} Consistency: as to book entry. I+ the ﬁurchase of a

resource is booked in a period other than the one
intended, this may reflect as an unrealistic decrease or
increase of productivity in a particular period. Also
consistency as to the allecation of costs and income to
the same accounts over time.

2) tock taking: The level of accuracy which, apart from the
g Y

count, involves issues such as classification and
relationship between the costing (FIF0, etc.) and stock

turn on raw materials and packaging materials.
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3) Frofit Frovision: These exist in most industrial

organizations. If profit provisions are debited between
periods to any account in an inconsistent manner {(i.e.
not declared to users of productivity information), 1t
will renaer productivity measurements unreliable. As this
is a major distortion factor if not handled correctly,; it
1s essential to get agreement from the financial
functionaries that profit provisions be debited to one
account consistently. MNormal operating provisions, 1i.e.
late receipts of invoices, etc., should be handled in a
manner which contributes to consistency, as in point |
above.

4) Pricing policy: On the output side; selling price lists of

the target company are adjusted only once ﬁer year. Price
levels are traded off from the list price and recorded
separately as either promotions or discounts, whiéhever is
applicable. This practice simplifies productivity
measurement since the unit price element can be considered
stable on the output side, with discount being treatéd as

ann input in the same way as raw materials for instance.

The measurement mcdel to be developed, utilizes indices to
indicate either an increase or decrease in productivity. To
illustrate the adopted principles on which measuremenf is
based, only two measurement periods, or two consecutive

months, were chosen for demonstration.

Money wvalues are not adjusted for time elapse. For each
accounting entry the responsibility centres are totalled to

column 11. (See Apendix D & E). Vertically, income and costs
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are classified in typical financial manner. Additional
information, not normally incliluded in an income statement, is
for an 1nventory adjustment of finished products, which

reflects production (line 2) as opposed to sales (line 1).

The terminclogy "variable expenses” and "fixed expenses” {on
lines 14 and 25), may copnfuse as it is not meant to describe
literally the characteristics of the costs. The "fixed
expenses” are not in all cases.fixed. & more appropriate
description would he "overhead expenses”. Interpretation of
the rest of the infﬁrmation contained in the two income

statements ics conventional.

7.5 A PRODUCTIVITY STATEMENT FOR THE TARGET COMFANY

Once the issues regarding financial write—up have been
resolved, a specific productivity statement format has to be
drawn up. The process involwves editing out certain financial
elements not required in terms of a specific productivity

measurement objective.
7.5.1 Editing Data

The editing task involwves making a decision as to which
putput {income) or input {(cost) elements are to be included
in the productivity statement. Measuring total productivity
does not mean having to measure each variable or factor. The

contribution of an omitted input component, if included in
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the income statement, but not the productivity statement, is
automatically captured in the equation through the principle
of causality. A variable consciously omitted from the
productivity statement, need not invalidate the measured
result in so far as other inputs are CDnCEFnEd.V A practical
example of omittance, in a multi-—factor (total) heasuremeht
type system, being reportedly successfully applied, is that
of ESCOM [Cooper pp. 12-173. In their model only key,
physical measurable input factors are taken into the
equation. A prerequisite for omitting an element is that the
same candition be maintained in subsequent productivity

statements {consistency over time).

For the target company, all income statement items are
included in the productivity statement so as to relate profit

to the performance of the different input elements.
7.53.2 Format Design

With editing complete; the remaining elements are rearranged
to bring together the different output (income) elements and
then the input (cost) elements into chosen categories. I+ a
traditional category mbde is implemented, input can be

divided into the four resource categories already mentioned.

The statement format chosen for the target company is
represented in tables 7.5 through to 7.14 in Appendix F.
Normally the tables are combined into one statement. For
purposes of discussion however; the different categories are

presented separately.



The basis for the input group classification used here, rests
on careful discussion with senior management as to the
preferred combination of elements. The intention is to bring
together input elementé more or less similar in nature, and
to group together resource input elements which correspond to
the managerial réspansibilities of different members of
senior management {(the document being intended for use at top
management’ level only).

Table 7.5: includes all the elements of output which,
referring to column 2, are the monetary value of preoduction
of the three responsibility centres responsible for the total
physical production. On a month to month basis, production
output is censidered more closely tied to input than is sales
output. Some proportion of sales is drawn from inventories
frem a previous period’s production input.

Table 7.6: includes all the elements considered to be related
to the labour input.

Table 7.7: represents elements related to the raw material
and packaging material input.

Table 7.8: includes depreciation and interest, representing
capital input. As was indicated in chapter 5, there is little
guidance or agreement as to how capital input should be
calcul ated.

In this model, fixed capital usage is taken to be the
recorded depreciation. Working capital {net) usage is
interest paid. BRoth these resources are treated no
differently from.any of the other inputs. If, because of
financial (tax) considerations, more fixed valﬁe is written

off in one pefiod than in another, then a higher depreciation
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value is taken as an increased input. The same principle
applies in the case of interest. Interest is seen as a
service input consumed by the company.

Rather than capitalize a fixed asset and depreciate, the
cémpany may decide to write off the amount of purchase to
operational expense. Because this model includes all inputs
{which are financially recorded), it means that a write-off
will be captured somewhere in one of the other input
categories. Should write—-offs occur to, say, the factory
maintenance account, then it is suggested that a "non
operational® maintenance account be ogpened for such purposes.
This entry can be classed with the capital elements in the
productivity statement so as to reflect the trade-off. This
is one of the issues whose handling is to be decided
befarehand.

Tables 7.7 to 7.13: Traditionally, all elements which are not

at home in either the labour,; materials or capital categories
are grouped as so-called intermediate inputs. In this model
four sub-categories have been chosen on the basis of top
managerial responsibility. The categories are: materials
handling; marketing support services, prductiDn support
services and administration support services.

Tahle 7.14: contains the various column totals of the

productivity statement.

Profit preovision is grouped wifh the profit entry on line 90
{table 7.14) of the productivity statement. This provision is
not considered to be E;ther an input or an output. As with
profit, it is the result 6f the overall company activity and

is considered an ocutput of another unit of analysis



(shareholderé). If at a later stage it is decided to bring
the provision back into the operational accounts to cover a
real expense, then only will it feature in the company’s
productivity equation. While a provision is being
entertained, itSAEFfECt on total productivity is
thecretically channelled through the interest input. The
provision entry is a credit balance on the balance sheet
which affects working capital and therefore interest (the

interest charge is captured on the income statement).

7.6 THE PRDDUCTfVITY CONCEPT OPERATIONALLY DEFINED

The write-up conventions and design decisions stated above,
are part of the operational definition. The formulation of
the productivity concept in this model corresponds to the
money—valued productivity concept argued in chapter 2. The
concept combines bath the physical and monetary valuesvinto a
single indicator of performance in an effort to answer to the

measurement objectives stated in para. 7.2.

&n overview of the concept calculations are: Recorded ocutput
tonnage in the base periDd is taken to be the physical
compcnent for both ocutput and input. By dividing this
quantity inte the total monetary value of any line i1tem on
the productivity statement a "unit price"” per ton is
extracted for each item. The unit price as per line item is

transferr=d as a constant to all succeeding periods. Making
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use of the constant "unit price” and total monetary value, an
"imaginary” physical value is derived for each subseguent

period. A detailed explanation follows.

7.7 CALCULATIONS

Refer to the productivity statement in appendix F.

7.7.1 Calculating output

The output calculations for period 1 (April) in table 7.5 are
reflected in columns 2, 3 & 4, and for periond 2 {May) in

columns S5, & & 7.

fpril fpril fipril Ray Hay May  1iPRODUC! Profit

i
i
}
B
i

1 i 1] il i ?

i TOTAL QUTPUT ¢ Current Tons 1+ Derivrd 35 Current Eguiva. iConstant 11TIVITYiMovement iline
; 1Total Valde! init PriceiTotal Value! Tons iUnit Pricellndex | iRef

{Rand}

iProduct Group {1 4767638 | 1839 | 2564.64 4449649 ] i {

iProduct Group 27 2260224 | 2616 5 BAA.00 1) 1893730 | i i 2

Product Broup 3i 10726267 § 1253 § B19.00 i1 1110770 1 i 1 3

yTotal output 3 8054089 1 5728 | 1406.09 i1 7456148 1 5445 1 1406.09 i} 4

___________________________________________ } } TETEIZSSTSS SEISEIET RESSEISES)

T K31 1409.71 --Actual May Month

Table 7.5: Extract from Productivity Statement; Total Qutput.
--------- {see fippendix F)



The totasl monetary value of physical praoduction of the three
product groups (col. 2, lines 1, 2 & 3X) is derived by
adjusting gross sales value by finished goods inventory; thaf
is, gross sales minus opening stock plus closing stock. Tons
of goods produced (col. 3, lines 1, 2 & 3), are calculated in

a similar manner.

For April, which is the base period, total output value
(RBAS4BY in col. 2, line 4) is the sum of the total outputs
(gross production) of all three product groups. Total
physical output quanfity 1s représented by the total tonnage
(5728 tons in col. 3, line 4). Total average unit price
(R14B6.8% in ©col. 4, line 4), 1s derived by diyiding the
total tonnage quantity into total monetary value, 1.e.

RBOS4MBY /5728 = R14086.09.

Total output for period 2 (May}) is calculated by taking unit
price toc be the same asvar April, i.e. R14046.6%. By
dividing R1486.89 into the total production revenue (R7656148
in col. S, line 4) of May, an equivalent tonnage (5445 tons

in col. &6, line 4) is derived.

Price adjustments are made annually at the beginning of
flctober. Equivalent Dgtput therefore, in this case more or
less equals real physical output. The difference between. the
derived "imagina?y" or equivalent, and real tofal average
physical output (see col. &6, line 4 and below line 4), can be
ascribed to a slight product mix change from one month to the
next. Feterring to the production ocutput data of the three

‘product groups listed in Appendix G, it is noted that over a
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period of a year, output of the three groups remained more
less proportionally stable. This obviously minimizes
distortion when including input guantities into the
productivity equation, i.e. working with the total average
output as opposed to the individual outputs. Total

"imaginary” output as defined in period 2, thus carries a

slight bias due almost totally to product mix change.

7.7.2 Calculating Input

7.7.2.1 Deriwving Input Buantities for Period 1

In table 7.6, column 2 reflects the total monetary cost

values for each labour input as transferred and edited from

the April income statement (base period).

i 2 3 4 5 b 7 8 g

i i Rpril 1 April 1 @pril i Hay i\ May 1 May iIFRODUCI Profit |

i LABOUR INPUT ¢ Current | Toms | Derivrd ! Current iEquiva. :lonstant 1iTIY¥ITYiMoverent iLine
i iTotal Yaluel iUnit PriceiTotal Value! Tons ilnit Priceilndex i iRef.
i5alaries i OR241,166 1 5728 1 R42.10 1) R234,029 ¢ 5559 1 R42.10 41 98 1 (R4,7791 5

iHages } R280,194 © 5728 1 FR48.92 11 R261,987 | 5355 1 R4B.92 13 102 1 R4,363 1 &

iMotor Cars i R16,615 1 5728 1 R2.90 i1 R16,242 1 5401 1 R2.90 01 97§ (R448): 7

15taff coste v R104,272 4 5728 1 Ri8.Z20 1) R95,731 1 5260 1 R18.20 1% 104 % R3,389 . 8

iStaff recruite | R215 1 5728 7 RO.04 4 ko i 0} RO.04 3§ ! F204 1 9

15taff training 1 R15,733 1 &728 1 RL73 1Y RS,432 1 1975 1 R2.75 41 276 ) R9,324 1 10

Prot, Cloth, R3,; 12t ¢ 57281 HO.34 ©S k2,865 1 5306 1 RO.G4 11 1031 kg2 1 1t

iCanteen i R3,256 + 5728 | RO.57 i RZ,134 1 3744 1 RO.57 1 143 . k961 & 12

LAROUR | Reb4,572 1 45824 | R14.50 11 R61B,420 1 42650 ¢ R14.50 11 10Z § RI3,316 1 13

Table 7.6: Extract from Productivity Statement: Labour input.
--------- {see Appendiz F)



In column 3, an imaginary physical input guantity for period
1 1s derived. Al the.input elements, no matter their
particular physical =cale f{defined or undefined} are
cenverted to a scale equal {individually}) to the total output

tonnage of period 1.

The physical quantity for salaries in period 1 {(col. 3F, 1line
5) for example is taken to be S728 "imaginary” physical

units. The argument is that for the base period, to deliver

an output of 5728 physical units, it requires an input of
5728 imaginary physical salary uvnits. The average unit cost
price for csalaries ié derived by dividing the imaginary units
into total cost, i.e. R24114646/5728 = R42.1B. The same

calculation principles apply to‘other inputs in period 1.
7.7.2.2 Deriving Equivalent Input GQuantities for Period 2

Again using the salary input to illustrate: The average unit
cost price from period 1 (R42.10) is tranferred to period 2
{col. 7, line 3). By dividing the average unit cost price
into the total cost (col. 5, line 5), an equivalent or
"imaginary” input guantity (5557 in col. 6, line 5) is

derived for period 2.

"As the formulation in period 2 stands, some moﬁetary value
{unit cost price change) may possibly have been translated
inte the "imaginary"” physical scale if real {(but unknown}
unit prices have changed. This means that the difference

between the "imaginary” quantity in period 1 {(5728) and
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pericd 2 (5559) is a function of more physical units having
been consumed, as well as possibly a change in unit price
being translated inte the 55592 in pericd 2. These arguments
essentially reflect the difference between "physical®

quantity in this model and other models.

If the intention is to obtain equivalence in the sense of
derived real physical gquantities, the total monetary value

first has to be deflated with the appropriate price index.
7.7.3 ECalculating the Productivity Index

Given the productivity statement format, productivity as
operationally defined, can be calculated on three
multi—factor levels of input aggregation: The first is on a
single account level, i.e. salaries, protective clothing etc.
The second 15 on a grouped basis, i.e. labour input, capital
input, production support services etc. The third is on an

all factor "total” input basis.

Notwithstanding the level of aggregation, the formula for
calculating productivity is the same in each case..The
results of the two periods’ productivity ratios are not
included in the productivity étatement. These calculations
are done automatically to culminate as a period change index
in column B. Each index {per input category) is calculated by
first determining the productivity ratio of period 1, and
then dividing that'into the productivity ratio of period 2.
To.illustrate, using the packing materials input element on

line 18 of tabie 7.7:
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{ Z 3 4 5 b 7 8 9

H i fpril % April 1 April N Hay { May i May IIPRODUCI Profit i
iMRTERIALS INFUTY Current § Tons | Derivrd i1 Current iEguiva, ilonstant 1ITIVITYiMovement iLine
: iTotal Value! iUnit PriceiTotal Yalue! Tone ilUnit Pricellndex | © iRef.
iRaw Materials {R3,818,548 1 G728 | ROAL6.65 1IR3,630,982 1 5447 1 RbA6.65 11 100 ) (RI,103)1 15
iRailage IN i R20%,607 + G728 1 R34.59 11 R21Z,642 1 58111 R36.59 11 94 1HR13,396)1 tb
: i ; i HH ) ! h ! V17
1Fackaging ! R789,747 5728 ) RI37.87 1% R771.,993 0 5599 | Ri37.87 it 97 1(R2{,266)) 18
i i o ; Y 1 i i ) 1 19
Insurance : R6,547 + 5728 § Ri.14 1) R6,529 1 6078 1 Ri.t4 4% 90 % (R703) 20
iStorage Premiumi R261,4%4 1 5728 | H45.64 1) RZ63,219 ¢+ 5767 1 RAD.64 11 94 1(RI4,6B3): 21
{HATERIALS {RS,085,898 | 28640 | R177.58 11R4,8B5,765 1 27513 1 R177.58 i1 99 1(R31,154)) 22

Table 7.7 Extract from Preductivity Statement: Materials Input.
--------- {see fippendix F)

1. Productivity ratio period 1:
= (total physical output)/{imaginary input}
= kcol. 35 line 4)/4{col. 3, line 18)
= G5728/5728
= 1
2. Productivity ratio period Z:
= (total eguivalent output)/{equivalent input}
= (col. 65 line 4)/{col. &5 1line 18)
= 5S5445/5599
= B,97
3. productivity index for packing material:
= period 2 ratio/period 1 ratio
= B.97/1

= B.97
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Calculating the partial productivity for an input group such
as materials for instance,; the same procedure is followed as
above. Referring to table 7.7, the productivity index for
materials is .99 or 2% (col. P,1line 22), meaning a
d?terioration aof 1% in productivity for that particular
group. The rest of the index readings are self-explanatory.

Total productivity for the company improved by 1% as

refliected 1n column 8,1ine 88 -~ S5ee Appendix F.
7.7.4 Introducing Mew Input Components

As the model stands,; a debit balance in the income statement
of any subseguent period will automatically be taken up in
the productivity statement. The more detailed the account
classification in the base pericd, the less is the risk of a
misallocation of input elements in succeeding periods. It is
possible to create a new account f(or input5 heading,
representing an input of a kind nDt'feflected in the base
period, in & subsegquent period. The total monetary value of
such an entry can be reflected in column 5 in the normal
manner , without a unit cost price being stated or equivalent
quantity.calculated. No element index calculation is done
{since it has nc base periocd comparison). The total monetary
value will nevertheless be taken into the group total

{labour, materials etc.). The group’s average unit price, to
which the new entry is allpcated will remain unchanged. The
reason for this is to determine the money—valued productivity
shift relative to the base period of the resource grouping

being measured. The =same principle applies in the case of a



cost element having been separately debited in the base
period, and now reflmcting a nil balance in a subsequent

period.
7.7.5 Profit Movement

Column 9 is an indicator of the change in profit for period 2
brought about by the change in productivity for each line
item. | ‘

For example, the decrease in productivity of 24 on salaries
{line 6 in table 7.6) sacritficed R4779 in profits for period

2. The loss or gain on each line is calculated as follows:

Change in profit = {(3ty. change in output - @ty change in
input) x total cost period 1
={col 6, line 4)/{col 3, line 4)—{(col 6,

iine S5)/{col 3, lineS) % (col 2, line 5)

{((5445/5728) —(5359/5728)) (241166)

il

rR4779%

Mote that the profit on the income statement and the profit on the
productivity statement differ to the extent that the latter is

based on production figures and not sales.
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7.9 INTERPRETING THE RESULTS

7.8.1 A General intepretation

The logic for calculating "imaginary” equivalent guantities
in period 2 is sound if the nature of the content is known to
the person doing the analysis. Since output for the two
periods have remained more or less the same, a shift in the
productivity index is to be interpreted as: either a change
in technical efficiency and/or a shift in current wunit cost

price and/or a shift in the input mix (pér line item).
7.8.2 Interpretation in terms of objectives

7.8.2.1 "Provide an analytical productivity auditlof company
performance", was the first objective to be achieved. The
operational definition of the productivity concept has been
establicshed as being of a money—valued dimension. An
improvement in the 'index indicates that, given the three
possible reasons for a shift in productivity (see above), a
positive combined result, i.e. the trade—off, was positive
in terms of what management paid for and how it applied the
resource. By including more input elements into the same
equation, the trade—off among the iﬁput elements as a

comrbined measure 1s also displayed.



For the month of May (period Z), it was independently
established that there are twenty seven elements of which the
respective unit input prices did not change. In manetary
terms this represents an amount of R&6783688 (May) ar 97% of
all input. In other words, for virtually 186% of the inputs
the money—-valued productivity index and the physical
productivi£y index are the same concept. By "no input unit
price change"”, is meant that, had the same input purchased in
May been bought in April, the price would have been the same.
The‘values in column & can therefore be seen to represent
real physical quantities in instances similar toc the above.
However , such interpretation should be cauvtiously considefed
since the "input mix"” factor is still present and can,
depending on the output product mix, vary to such an extent

as to render such a supposition invalid.

7.8.2.2 "Facilitate productivity coﬁtrol of non—physical

transactions” was the =second objective to be achieved.

Services are in many instances supplied to the company on a

quoted price basis where it i1s difficult to determine the

true value of such service to the company. Say, for example
an.additimnal fork lift has to be hired in period 2 {(line

I3 Various input-output combinations may result (nine in

fact), of which only two are discussed to demonstrate.the

analytical approach:

1) an increase in input with no increase in output. In this
example using period 2 as being some future periocd, it
means that a R108BE hire cost would increase input by 581
equivalent units. Given an estimate of 5445 equivalent

output wunits, productivity of the resocource may deteriorate
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by @4 (Z2445/381) compsred to the base period. In terms of
total productivity,; the hire contract can affect
productivity by 43 (RIGBAA/R22.98 on line 88) equivalent
units. This represents an estimated 9,017 deterioration
in total productivity, i.e. {equivalent output
est./43)/({col. 3F, line 4)/{col. 3, line 88)), which is
(5445/43) 7/ {(5728/315048) or {(@.9181/124.6) which equals
@,a1%.

2) an increase in fork lift-input, with a decrease in other
inputs, but with no change in output. Assume wages (line
6) can be decreased by R158@ as a result of the fork 1lift
hire. In terms of the fork 1lift an equivalent value of
291 (R158A/R1.72)—-(R10OB/R1.72) or (872 — 581) units will
be saved. In other words, total productivity can improve

by 8,887% (same calculation methad as in 1 aboave).

The same principles apply to less tangible services which can
be made "physical" by way of the methods already described.
When a service is used for the first time (no base period
reference), lthe tmtal cost can be included with an eﬁisting
ihput component of nearest function. Unit cost price is not
affected and the result of the additional input will
translate into an equivalent quantity for the current period.
’
7.8.2.3 YAssist with the setting of productivity objectives
in terms of money-valued efficiency and effectiveness"” was
the third objective. In terms of each line item input, a
productivity objective can be set by adijusting the equivalent

a

value in column & for expected price inflation to be offset

by expected technical efficiencies, or whatever other ra
, /
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condition 1is expectéd. The manager responsible for a specific
group of inputs thus has a flexible choice for achieving the
stated objective. The input objective should obviously be set
relative té the same period‘s output as well as the base
period’s productivity. The input cbjective therefore is not a
static number, but will have to fluctuate. In fact,.the index
ﬁercentage increase or decrease will be the objective.
Expected fluctueation in utilization, as determined by output,’
will need to be taken into consideration when determining the
equivalent input quantitieé. If physical output is cyclical,
and monthly productivity comparisons are made, it might be
wise to introduce a moving base period arrangement,; whereby
the current period measurement is compared toc a base period,
one vear previously, i.e. May 1998 {(base), ﬁay 1291

{current).

7.2 CONCLUSIDN

The wvalidity of the operational concept definition can be argued.
By applying deflation technigues to stabilise monetary Value,
technical productivity can be derived. If done, the question then

ies How accurate is the result?

The aim is not to detail the causes of & shift in productivity.
Mo generalist model on this level of measurement can do that. The
aim is to monitor the effects or performance of activities in the

company — in terms of the output/input concept.
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CHAPTER B

PRODUCTIVITY MEASUREMENT ON WORK STATION LEVEL

8.1 INTRODUCTION

The need for performance measurement on a work station and
section level in the company was prompted by problems
experienced on an industrial relations front. & major issue
was worker {and management) motivation and commitment. A
strategic decision was taken to improve the organizational
structure by delineating more clearly areas of accountability
and tactical operational decision making; thus repositioning

the foreman into a strong leadership role.

To support the strategic endeavour, which admits controlled
worker participatien, the mecﬁanics of the measurement system
had to facilitate accurate and speedy performance information
feedback. The project included the establishment of physical
farilities to promote = team spirit in each section. Several
"libraries" {(group meeting areas) were established in the
various sections to assist formal communication on tactical

operational planning and measured performance feedback.
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Meazuring productivity on lower levels in the organizational
structure as presented, can basically follow two routes: The
industrial engineering approach, whereby the efficiency of
each resource utilized, is measured. Or the "performance’
indicator” approach, which measures the performance of

identified productivity factors, i.e. effectiveness.

This chapter reflects the broad framework and examples of how
the measurement challenge was handled on a section and work

station lesvel.

8.2 AFPLYING THE MODEL DEVELOFPMENT CRITERIA

Developing a measurement system starts off by drawing up a
measurement profile fact sheet, based on the criteria stated
in chaptér 6. 1¥, for whatever reason or constraintt
measurement on a lowest level of aggregation (work station)
is found to be impractical, the level of aggregation can be

moved up. Figure 8.1 reflects the different levels of

recognised organizational aggregration.

8.2.1 Setting up a Measurement Frofile Fact Sheet

Any suitahle visual format can be selected for the fact
sheet. It should nevertheless contain at least three broad
categories of information: Firstly, information relating to

the situational conditions within the unit of analysis
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selected. Secondly, existing constraints relative to each
condiltion identified. And thirdly, possible solutions to the

constraints.

COMPANY
I
DEPARTMENT

RESPONSIBILITY
CENTRE

l
SECTION

, [
WORKK STATION

Figure 8.1.: Levels of Recognised Organizational
Aggregation in the Target Company

Situational Conditions: Having identified the unit of
analysis, the first step is to connect all the relevant
subsystems to the unit of analysis. A second step is to
stipulate the purpose of the measurement as it relates to the
unit of analysis. The thirdvstep is to define and list the
performancé criteria considered appropriate and necessary to
serve the purpose of measurement. Fourthly, establish the
availability of the type of data required, for the unit of

analysis, as well as on lower subsystem level. Step five is
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to determine the availability and reporting cycle of each
data (and/or information) type, i.e. daily, weekly and/or
monthly. 5tep six is to determin= feasibility and preference
to integrating the system to a higher level of organizational
aggregation. At this stage it also has to be decided whether
the measurement system can be internally managed or if
outside administrative resources would be required. Step
seven is to define, precisely, the user profile. The final
step is to identify possible measurement modelling
approaches, i.e. index, objectives matrix, industrial

enginesring, cr any other.

Since the criteria are interdependent, step selection need

not necessarilly follow the same sequence as above.

Constraints: A constraint may be identified in any of the

criterion areas stipulated above. For example: The user
profile may indicate illiteracy in a certain section, which
means that pictorial reporting of results may have to be
considered to improve comprehensibility. It may also mean
that meter reading instead of data "write up” is required for
data collection at work station level; or that a specific
training program should first be instituted. A constraint
will be relative and situational,; applicable only to the

specific unit of analysis.

Solutions: They may be long term and/or short term and of a
nature not foreseen when the intention to measure was first
mooted. The process of scheduling longer term solutions is

best handled by phasing objectives. For immediate action, the



focus should be on aspects pertaining to the "ability to
measure”. The approach éhould be positive and energetic with
a view to start the measurement process without delay. A
compromise situation will most probably arise, given the
totality of constraints. In such situations the versatility

of the measurement system, becomes all important.

It should be obvious that every individually identified unit
of analysis will have its "own"” profile. For each a fact

sheet can be drawn up.

In the work that follows the packaging section of the
responsibility centre {product group 1) containing work
stations 33, 34 and 35 (see Appendix C), will be used to
illustrate the measurement techniques and principles utilized

on this level of organizational aggregation in the company.

8.3 MODELLING THE WORK STUDY APFPROACH

Two of the work stationes (33 34) covered by the intended
measurement, each consists of a series of machines in a
continuous flow production mode. Each series, with five
operators/workers on each process, is defined as a work
station. The third work station (35) also consists of a
series of interconnected machines, but the proéess is
utilized intermittentl? on a batch production basis. One
foreman oversess all three stations. Another seven workers

service all the machines with packaging material handling,



palletizing packed producf, general cleaning and relief
duties. Although activity—-wise, each bank of machines {(work
station) operates independently, 33 & 34 feed on raw material
off the same process further up the line (another section
with 1ts own foreman). Work station 35 is connected to vyet
another process and packs a variety of derivative products.
All the processes are machine driven, but under operator
control. Work in progreés can be stored either immediately
before or after each of the processes mentioned.

/

8.3.1 Theoretical framewocrlk for measurement

Applving the so-called industrial engineering approach of
productivity measuwrement, involves work study techniques to
establish work standards. Supportive to the concept of work
study are the techniques of method study and work
measurement. The former is aimed at the development and
application of more efficient methods to ensure optimal
utilization of resowce=s. The latter is aimed at
establishing time standards against which the performance of

work can be measured.

The interest here is not method study. Method study comes
into its own during proguctivity improvement and operator
training. These needs will be identified by the measurement

process.

Work measurement can be direct or indirect. Direct
measurement consists of stop watch measurement and activity

sampling. Indirect work measurement can be an estimate and/or
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acceptance of standards supplied by someone else, such as the
supplier of a machine. The establishment of work standards
can be taken in a wider context than that of gquantitative
standards, to include financial standards which bring the
proce=ss into the sphere of a standard costing system.

Figure 8.2 clarifies:

Material usage starxlards
— (standard material usage — 1. -
1 Quantifative . per production batoh)
("} Standards
- Time or performance Standard
L standards for Jabour T 2. production
1 and or machines | | Cost cost
Work Standards unit
Standards | | radards a e Sfl’an'daréi mat. cost
— ] } = {x .
material price dar — Sfar%darg {26 cost
ancial - = X
] SF;g\dards Standard hourty rates Standard mach. cost
L] labour, machines & — 4, = 2x4
overheads Sfangarg overh.
= 2x

Figure 8.2.:Dlagrammatic representation of standards

—————— determined in the production department and how they
are utilized in the calculation of standard unit costs,
Source; De Bruin, JW.A, S.A Chartered Accountant p. 140

Work station performance is measured in terms of machine

efficiency and process effectiveness based on guantitative

standards {(see figures 8.4 & 8.3).



8.3.2 Situatienal Examples

All the examples relate to work station 35, but the same

principles apply to the other work stations (manufacturing).

8.3.2.1 Machine Efficiency {(work station 33)

The +irst performance measure is machine efficiency.

Efficiency is derived from the utilization concept.
B.3.2.1.1 M#Machine Utilization - Data collection

The recording of production data originates in the work
station and is done on a continuous basis throughout the

working day. See production control chart in figure 8.3.

Data is recorded in the following categories:

Production start and stop times: The period in between is

seen as time "in control” of the operator. 5Start and stop

times are determined by shift management.

Units produced: are meter measwed, whereby the finished
products {in retail uﬁits of S@Bgm) coming off the production
line i1s recorded. These quantities are translated into
wholesale pack sizes and reconciled with receipts'in the

warehouse {(the next process or work station).
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WORIKSTATION 1.D. :____3___3-__ e

DAICY WORKSTATION PRODUCTION RECORD IDAY-—£Z—O—'X ————— pate-f3:2:99
TIME WRITE TICKEY f IWIEIGI'I"I‘?Q DOWNTIMI
TIME /COUNTER
NUMBER 1 2 3 < 5 [5)
sTOP
5.00
4.30
4.00 | w-o0 | SHIFT EAYD
330 | 3.30 | CLEANING IS 127 CLER WING
300 | 3.5 | 457Lo  |S0s| 06 s0t | Soy | sos|spT| :
2.30 28l2o 9% | L499| 4a9| s03 | 503 | 302
2.00. 31780  |So3| so| s Sos| S5 |S03
1.30 313 20 |So4| Sok sos| 4qg| 499 yag
1.00 30920 |#89| 489 43| A Soz|sou| 3O n1. LLnZtf
12.30 2by20 150> | Soilsow | SeS| o | s
NOON | /2 /o | 23 /20 |Sob|SoL|sor|503]503 56
11.30 20430 |S10|Soz|Sez | 02| Loy | Sov
11.00 § /72710 $g4| go?| $43| Sex iSO oy
10.30 /5870 495 $03|803 (806 [Sof | Loy ,
10.00 /5810 |so3|Sor|sou|Sa7| wag| 9| 3 n7. T4
9.30 /3270 |S00|s50¢|suz |50z {502 |50
9.00 | /0750 |503|S0/ | s03] s0¢| sou|coi;
8.30 7839 S0/ | 00 |S02 |S0/ |S02 | 503] & 7. CARTONER
8.00 Séoo So0 | 562 | Sov | Sot | So; | 502
7:30 2100 SO/ 1502| $o0]<0) | goz |50/ S n. IMNER SETHIM
START| 7.00 o ' OATE CODE: ¢
PRODUCT OPENING | WHOLESALE | “AFTER - |"AFTER - |CLOSING | TRANSFER
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Figure 8,3, Production Control Chart
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Buality check weights: Samp1e>weights are recorded on a

continuous sample basis.

Downtime: Any "stoppage” on the packing line lasting longer
than 4 minutes is recorded together with reasons by the
Dperatore. If the work station is non—operational for the
day, this i1s recorded as being due to manager s schedul ing.
See figure 8.3. For normal stoppages, a timer sets off a
werning hooter after 4 minutes of stoppage on the production
line. The reasons for downtime are recorded on the
production chart and summarised in the right—hand bottom
corner. Any downtime not recorded, will automatically be

captured in the e#ficiency calculation.

8.3.2.1.2 Operational Definitions — Standard DOutput and

Actual output

Refer to figqure 8.4, which summarizes the elements to be
discussed. Also see in Appendix H an example of an actual
report relating to the efficiency calculations of all the

packing operations (work stations) in the company.

The standard ocutput levels of each work station is formulated
to suit the circumstances. For work station 33 there are two
standard output definitions. The one refers to the output to
be accounted fer by the operators on the work station, i.e.
time between the shift start and stop times as determined by

the manager. The other definition is for those periods of
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the available total time (i.e. time paid for in terms of

shift wages), not utilized by the operators due to

instruction from the manager.

Total machine capacity available: is the total potential

standard output. It is the paid time of the shift, convertedv
to physical capacity, multiplied by 88% of the maximum
potential throughput capacity of the slowest machine on the
line. "Maximum potential® is the manufacturer’'s
specification. Normal paid time is a standard nine hours per
day. Overtime hours, if paid for, are included in the
standard output definition. The departmental manager is
accountable for recording this time.

In the example (fiéure 8.4), total standard output is
calculated as 548 minutes multiplied by 148 units/minute,
multiplied by 2 machine rating factor @8.88; giving total
standard output as 68488 retail wnits per (this) working day

for the work station.

Machine capacity to the operator: is the capacity available

to the gperator. It is the time between the shift start and
shift stop. If the foreman or manager instructs the operator
to stop sarlier in the day, for the labour to be utilized

el sewhere, the time (in equivalent physical units) is
subtracted from the total capacity available to calculate
"machine capacity to operator”, or capacity available‘to'the
operators. In the example, operator ‘s capacity available is

calculated as 60488 —~ 3368 = 57120 units. The manager
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instructed the operation to be stopped 30 minutes before full
time, resulting in a loss of capacity of 30 % 148 x @G.8@ =

3I3I&6B units.

Total machine capacity utilized: This is recorded from the

production control chart (diagram 8.3) as 45768 units minus
the rejects of 187 units. Therefore actual output is 45653

wunits.

From the production chart, time losses are converted into
equivalent unifs. The foreman of the section then summarizes
the time losses on the production chart. The chart is
delivered to the production planning clerk who enters the
data on computer to print a report as in Appendix H. The

time losses are calculated as follows {(refer to figure 8.4):

Calculated total capacity losses: This is the difference

between total capacity available and total capacity utilized,
that is, 608480 — 45653 = 148Z27.

To manager 's scheduling: i1s the recorded equivalent capacity

lost through instruction from the manager or foreman to halt
production 38 minutes before standard paid time, i.e. 30 x
140 x B.80 = 3360, as per the control chart.

To operators”™ handling: is the total time in equivalent

units, lost by the operatori{s). This is calculated by
subtracting the manager’'s scheduling loss from the total
caléulated capaéity losses as defined above. The 11467 units
are made up as follows — from the control chart:

Operator losses:

Rejects = 187 units.
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Rest period = 3@ minutes x 140 x 08.80 = 3I368. This period
is automatically subtracted as a loss. If the personnel on
the work station are able to find an innovative way to
stagger their lunch breal, this time may be scored to
improve their efficiency.

Cleaﬁing period = 15 minutes % 1468 » @.80 = 146488. These
are units lost through stopping to clean the machine line.
Machine i1dle periods = 20 minutes » 1480 » 8.80 = 2248.
These are attributable to machine StDppages'(longer than 4

minutes per incident).

The total "operator" stoppages on the line as recorded on the
production chart add wup to 73879 equivalent unitg lost. The
check balance under the heading "to operator’'s handling®
gives 11467 units. This means that 488@ units were not
declared on the contropl chart by the operator. This amount is
added in under "undeclared operator loss’ tolbalénce the |

efficiency statement.

Material waste: to inner packaging and outer cartons is not

part of the machine efficiency calculation. Although included
as part of the data gathering on the production control
ghart, it is an indicator of processing efficiency (in terms
of material losses). The percentage loss recorded for both
the inners and Duters‘is based on the "total machine capacity
utilized”, i.e 45768 units. Inners are recorded in kilogram
mass and converted in the computer program {(Appendix H) to
retail units. For the outer carton calculations the 45768 is
converted into outer units as per the production chart which

gives a base of 19046 cartons.
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Efficiency Reading Work station No. 33

Base units Percentage

Total machine capacity available: 62480 106.8098 %L
Total machine capacity utilized: 45653 75.48 %
Calculated total capacity losses: 14827 24.52 7
To manager ‘s scheduling: 3366 S5.56 %
To operator’s handling: 114467 18.96 %4
Machine capacity to operator: S7126 100. 686 7
Operator losses; Totail: 114467 20.80 2
Rejects: 187 G.19 %

Rest: 3368 5.88 %

Cleaning: 16808 2.94 %

Machine: 224@ 3.92 %

Undeclared operator loss: 4Q@8@ 714 7
Operator ‘s capacity utilized: 45633 79.92 L
Material Waste —Inners: 112 @.24 %

—Outers: 13 8.a7 %

Figure B.4: Efficiency calculation example
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B.3.2.1.3 Efficiency Operationally Defined.

In terms of overall machine {(and labour) efficiency on this
particular work station, the efficiency reading is 75.48%

— refer to right-hand column in figure 8.4. Given the stated
objective, namely worker commitment this is not considered
the most important indicator. The eftficiency reading that
the operatoers will be watching i 79.92%4 as indicated under
the "operator ‘s capacity utilized” neading. This they can
control.

The format of machine utilization reporting as used here
vclosely'matches the engineering format or work study approach

demonstrated in chapter G.
8.3.2.2 Work station Effectiveness

Effectiveness standards relating to different performance
factors have been adopted. For this work station it is agreed
that:

Cleaning time should not exceed an equivalent output of more
than 5% of "operator s capacity available™, i.e. paid time
minus manager scheduled time mulitiplied by the output rate
per minute multiplied by the machine rate setting factor.

For the particular production day, the target is calculated
as: (548 - 38) x 148 » @.80 » @.85 = 2856 equivalent units.

Machine, Undeclared & Operator Rest | osses should not exceed

1@8% of "total capacity utilized”, i1.e. 45653 x B.10 = 4565

equivalent units.
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Rejects should not exceed 8.8% of total units processed
{"total capacity utilized”), i.e. 45653 x @.008 = 365.

Pacrkaging Wastage should not exceed 8.5 % of total processed

on inners {("total capacity utilized"}, i.e. 45653 x 6.005 =
228 equivalent units, and 8.2%Z on outer cartons, i;e. 1906

0.882 = 4 equivalent units.

Figure B.S5 summarizes the eguivalent target unit comparisons
with the actual levels recorded. Appendix I contains the
actual weekly effectiveness report (derived from the weekly
efficiency report — Appendix H) presented as feedback to the

work station.

Effectiveness Reading Work station No. 33

Target Actual Better/ (worse)

Cleaning 2856 1686 1176
Machine/Undecl /Rest ‘ 4565 2680 (5115)
Rejects : 365 147 238
Wastage inners (packaging) 228 112 116
Wastage outers ({(packaging) 4 13 {9)

Total Team Effectiveness 8018 11592 (33574) (44_.5%)

Figure 8.5: Effectiveness calculation example
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According to the example, the actual total effectiveness
losses exceed the target by 35274 equivalent units. That is,

effectiveness is running 44.5%Z below target.

In lings with the goal expressed at the beginning, regarding
formal communication and feedback, the efficiency and
effectiveness results are graphed for discussion and display

in the library area on a daily basis.
8.53.3 Materials Utilization

Two major categories of material are involved, namely
processed raw material and packaging. As already stated, it
is difficult to record raw material yield on a daily basis
according to the above method, given the nature of raw
material and the vast bulk amounts in process at any giwven
time. Raw material stock is taken at the end of each month
and usage calqulated for financial purposes. Incidentally,
this information indicates satisfactory yield which
diminishes the need for daily or even weekly measurement.
Should monthly measurement reveal a deterioration, a higher

frequency could be reinstated.

Packaging material wastage is recorded on the production
control chart for which a target is set to measure
Efféctiveness. FPhysical inventory checks are taken weekly for
purpnées related to the master production schedule. The fact
that suppliers of packaging material have agreed to credit

all packaging wastage in full, has resulted in this element



carrying a low priority in measurement. The measurements
taken on a work station lesvel are considered adequate for

motivational purposes.

8.4 CONCLUSION

The company has identi%ied 5Z work stations in the
manufacturing department. In certain instances, such as
factory maintenance, a work station may consist of a team of
two people — the artisan and his assistant. In ancother, it
consists of one operater and an integrated bank of 3@
machines. In each instance the same industrial engineering
measurement approach principles, relating to efficiency and
effectiveness, are being progressively instituted and
applied. All measurements are of a guantitative nature. In
keeping with the measuremént ocbjective stated at the
beginning of this chapter {worker motivation and commitment),
any activity which cannot be reported on, on at least a

weekly basis, is not taken up into work station measurement.

The efficiency with which any resource in any work station is
being utilized, can potentially be measured. Where it is not
feasibly practical to measure efficiency, the fecus can be on
effectiveness. Alternatively the work station can be
incorporated into a larger unit of analysié where other forms

of productivity measurement are possible.
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CHAPTER 9

PERFORMANCE MEASUREMENT ON SECTION LEVEL

9.1 INTRODUCTIOM

Comprehensive and independent work station measurement is not
always feasible. Without losing sight of the measurement
objectives, the unit of analysis then needs to be expanded to
include more than one work station. That is, the unit of
analysis has to be redefined. In terms of the organizational

structure, it means one step up teo section level.

Circumstances will dictate which resource measures are better
suited to section level measurement as opposed to measurement

on work station level. Refer to the criteria in chapter 6.

This chapter is an extension of cﬁapter 8. The principles
regarding sectiocn level measurement as applied in the target
firm are explained. The focus is firstly on labour
productivity measuremsnt. Thereafter application of the

Objectives Matrix Measurement Method is demonstrated.
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0

-2 LABOUR UTILIZATION

From the productivity statement presented in Appendix F, it
can be seen that labour is a major expense. Notwithstanding
its importance, it is not feésible to measure labour
utilization on work station level. Labour mobility between
work stations in each responsibility centre is one reason for
this constraint.. On section level however, it is possible to
isolate and measure three dimensions of productivity on

labour.

Df the three dimensions of measurement, two are based on the
Industrial Engineering Approach. The other one is a partial

productivity measurement, based on the Index Approach.

Figure 9.1 i1s an extract from Appendix J. The latter is the
actual complete labour productivity report, published weekly
in the company. The table’'=s content is utilized to explain
the measurement concepts involved. The data relates to the
packing section (section No. 12} of Product Group No. i. -
a responsibility centre identified in the organizational

chart.
?.2.1 Industrial Engineering Approach — Time Standard.

A weekly standard (quota) of total work hours required is



188

Line
Pef.
RESFONS. CENTRE: iProduct Grp. 1
SECTION: ! Packing i
i Section
i#Hours*  Normal ! 15698 | {
V#lorkeds  Overtige | 22 3 i
H Tatal ] 1712 3
iEquivalent Han-week! 371 4
1#¥aluet  Norpal 3 RE,238 1 ]
1#Paigs Overtime | R142 |} b
: Bonus / } 7
i Misc. H H 8
} Company Contrib. | k1,646 1 9
; Gick leave | R75 18
H finnual Leave R672 4 {1
i Total ! Ri18,755 | 12
iCasual Hours H 34 3
iEquivalent Man-week! 1 14
iCasual Value H 178 | 15
1A11 Nan-week ! 38 1 14
1Al Value ] k18,935 | 17
H 1Ran-week H
! ' Index : 8.98 ! 18
! Value : i
H i Index : B.99 19
i Dutput - Tons : 432 3 28
iOutput /Man-week : oA
iCost:R/ton } R25.31 3 22
!Abséntee Rate } 8.39%) 23

{Extract see APPENDIX J)
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aliotted to each section. This quota is determined as part of
the annual budget exercise. Labour hours allotted are taken
to be constaHt through the year, the logic being that machine
capacity is able to handle seasonality. Should the machines
be under utilized, the labour cost remains constant. Given
the methods to be applied in measuring productivity, the hour
allotment issue is relatively unimportant. Nevertheless, for
each sectiorn a weekly, man—day and monetary wvalue gquota is

set. The first week then serves as base period standard.

Standard output: A total of 17480 (not shown on report)

man—hours were allocated in the packing section. This
includes overtime hours. The total hours have the same
meaning as “total man hours available”, demonstrated in
Figure S.3, chapter 5.

Actual Ouitput: Is taken from the clock cards through a

computerized program for each department. fActual heours
include:

—Ordinary time worked by permanent employees (1698 hours line
1), plus

—Overtime worked by permanent employees (22 hours line 2},
plus

—Casual labour (34 hours line 13)

Movement of permanent employees between sections and
departments are accounted for by means of a system called
"the green card”. A Foreman is permitted "to sell" labour on
a day to day basis to another foreman (in another section) on
condition that the "buyer ‘s” section is debited with the

hours.
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Efficiency is calculated as:

Efficiency {utilization) reading
Section No. 12

Hours FPercentage

Standard Output available 1948 10.00 %L
Actual Output utilized 1746 70.86 L
Difference i?4 16.066 4%

Efficiency for the week improved by 18.08% as reflected by
the man—day index reporting of 8.98 on 1line 18 in figure 9.1.

No effectiveness target is set in this dimension.

?.2.2 Industrial Engineering Approach — Economic Standard.

In this dimension the scope of output measurement is expanded
to include the monetary value of elements not captured in the
time dimension.

Standard Output: The economic value of each unit of labour

includes all costs connected to each head count. That is,
ordinary hours multiplied by the specific estimated wage rate
plus overtime plus bonusses {pre—determined) plus so—called
company contributions {(pension fund, etc.) plus an annual
leave provision. There is no provision for sick leave. The
total monetary amount for section 12 is given as R11@845 -
hidden and not reflected in the report.

Actual Output: The following is recorded:

—-monetary-valued ordinary hours payment to permanent

employees (R8Z238 on line 5)
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—monetary-valued overtime for permanent employees (K142 on
line &)

~annual leave pay (R672 on line 11)

—all bonusses and emplovyer contributions (R1&46 on lines 7 to
?)

-all sick pay (E75 on line 18)

—Fayments to casuals (R17@0 on line 15)

According to the report:

Economic Efficiency (utilization) reading

Section No. 12

Value FPercentage

Standard economic output available: R11845 166.08 %
Total economic output utilized: R1@935 .08 L
Recorded economic galn: R 110 B.99 %
Sick Le=ave: R 75 B.67 %

N Undeclared: R 35 B.33 %

Economic Efficiency as recorded, is running at 1% better than

the "break—even" standard in the report, i.e efficiency
reported on line 1% of figure 9.1 has improved by 1.@88%Z this
week compared to the standard. No effectiveness standard is

set in this dimension.



112
?.2.3 Index Approach — FPartial Productivity measurement

Physical output of the section is recorded in the
conventional manner, i.e. the throughput of physical material
handled during the week. Partial input is recorded as either
the man-hours committed to the process in the section, or as
the monetary-valued input for the same week.

Referring to line 28 of Figure F.1, output for section 12 1is
recorded as 432 tons. To calculate efficiency:

Technical Efficiency = Output/Physical Input (average

man—days/week) .

= contents line 2ZB3/contents lineilébé

i1 which is the productivity ratio.

1

The result may be indexed on a base ﬁeriod. In practice, each
week ‘s ratio is calculated by the section foreman. The result
is then graphed (for 52 weeks) in the library area of each

section.

Ecornomic efficiency can be calculated in a similar manner to
technical efficiency. vAn operational ratio of total cost

input/tons output (line 22) was found to be better understood
by the worlkers, and is utilized as an "indicator"” measure of

economic efficiency — as defined in chapter 2.

In Appendix J it should be noted that output guantities are
recorded in each section, except for sections in the
engineering maintenance function. A totally separate
computerized measurement system, has been introduced in this
section. Time standards are set for each job, based on

information on the job request card. An estimate of job



duration is done by the responsible foreman. Actual time
then taken by the tradesman to cﬁmplete the job is noted and
compared with the estimate so as to achieve an efficiency
reading. The time noted by the tradesman is reconciled with

the time recorded on his weekly wages clock card.

?.3 MODELLING THE MATRIX APPROACH

In the company most of the productivity management focus is
on the different sections. It is felt that failure to secure
a sound productivity management practice on this level, will
negate any desired improvement anywhere else in the company.
The i1mprovement process is dynamic. Should the objectives
change, the measurements should be reformulated where
necessary.

To accomodate fhis very important requirement, the

"Objectives Matrix" method promoted by Riggs and Felix [1983,
pp. 222-2341, is utilized. The method is versatile enouéh to
accommodate any productivity measure or factor (quantitative
or qualitat{ve). Furthermore it combines all into one single

indicator of performance. These include measures taken on

work station level.

The packing section {(no. 12) of Product Group No. 1, as a
responsibility centre,; is again used to illustrate the
various principles related to the developing of the matrix
method of measuremsnt. The selection of specific performance

criteria is done in collaboration with the staff in the
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various sections. An example of a completed performance
matri» is given in +figure 2.2. It is used in the explanation
of the steps to be followed when developing a matrix set—up.

9.3.1 Gteps in Drawing Up a Matrix

F.3.1.1 Gelecting Performance Criteria (line ref. 1): The

producti?ity measurment fact sheet mentioned in chapter 7
will indicate which performance criteria can be accommodated
in each section and work station — based on data availability
and other practicalities. The range of criteria applied is
further expanded in consultation with each section team.
Criteria selected for the section team under discussion are:
1. Weekly efficiency rating: work stations 33, 34, 35.

2. Weekly effectiveness rating: work stations 33, 34, 35.
3. Section labour productivity.

4. Hygiene audit count.

For 1 & 2 above, see fAppendix H and Appendixx I respectively.

The basis for selectinglcertain criteria, apart from reliable
data sourcing, is to select factors which are perceived to
have the greatest influence on a section’s productivity, or
which 1s considered to be a problem issue. The factors
chosen, must relate to activities controllable by the team.
No more than seven performance criteria are permitted so as
not to confuse, and to achieve some degree of focus on the
important i1ssues. The foreman of each section is responsible
for writing up and graphing the results in the library area

at stipulated times.
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Note: The "hygiene audit count" listed above and not yet
explained,; is based on a hygiene ihgpection carried out each
month by two foremen from another section together with the
operational director of the company. A guestionnaire listing
180 inspection points 1is judged for cleanliness on a 1-6 item
scale. The score of all inspection points are totalled to

give a mark out of 60@0.

9.3.1.2 Determining the Measurement Format for Each

Ferformance Criterion (line ref. 2): A criterion may be

recorded as a physical guantity , a ratio or a percentage.

The scale level should not be below interval classification.

7.3.1.3 Esfablishing Performance Scales (line ref. 4 to 14):

In the matrix itself, a utility performance scale (also
termed a dimensionless scele) is introduced which runs ffom @
to 18, thus giving eleven levels of ac;omplishment for each
criterion. All possible results to be expected from each
criterion are allocatgd into each column in the body of the
utility scale level, on the following basis:

Jtility scale level @ should be the lowest expected result
possible for the criterion on the actual measurement scale in
use.

Utility scalellevel 4 is taken to be the operating results
that represent the current average performance for each
criterion.

Utility =scale 18 should be a realistic estimate of a

challenging result that can be attained over the next two

vears, given the same resource base for each criterion.



The intervals are developed on a linear scale in the
following manner (Refer to the work station no-.33's "machine
efficiency ratio"” performance criterion in Figure 2.2.):

The highest expected result is given as 92%. This is entered
opposite the matrix utility scale level 18.

The average performance of (more or less) 797 is entered

opposite the matrix utility scale level 4.

To calculate the interval Spacingé between levels 18 and 4,

the difference ?2 - 79 = 13 is calculated and divided by the
& steps between 1@ and 4 to give the interval range for each
step 13/6 = 2.2 {(approximately 2). In setting the minimum

and maximum reading on each level, the readings should be

mutually exclusive.

The lowest expected result is given as 4@%. This is entered
opposite the matrix utility scalé level @. To calculate the
interval spacing between lewvels 4 and @, the difference 79 —
48 = 39 is divided by the 4 steps between 4 and @ to yield an

interval range of 3%9/4 = 9,8 (approximately 1@).

7.3.1.4 Departmental Manager ‘s Rating (line ref. 16).

Managemenf is respensible for assigning an importance
weighting to each criterion. Through this exercise,
management emphasizes which criteria are more important than
others. To apply weighting, a 188 points are distributed
between the listed criteria of the section. In figure 9.2 the
departmental manager has decided to apply the weights as

indicated.
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With the completion of this step all the groundwork has been
done. The steps that follow have to do with entering actual
performance results and calculating a single performance

value.

2.3.1.5 Recording Actual Performance (line ref. 3). The

actual performance for each performance criterion is entered
at the top of the matrix as indicated. In the example (Figure
?.2), data has been taken from the weekly reports in the
Appendix section. See pages 168 for efficiency, 178 for

effectiveness and 172 for labour productivity.

?.3.1.6 Reading the Utility Scale Score (line ref. 135).

Actual performance is slotted in the appropriate interval and
the equivalent utility scale score identified for placement
at the bettom of the matrix under the criterion celumn. For

the "work station 33" the utility scale reading on operator’'s

efficiency is 5.

2.3.1.7 Determine Performance Indicator (line ref. 17). For

each criterion the manager ‘s weight (line 16) is muitiplied
by the utility scale score (line 1353) to get the weightea
performance value (line 17) for each criterion-. All the
performance scorés are totalled to give a single
"dimensionless” performance indicator for the section on line
18. This indicator (618

) is graphed in the library area.
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2.4 SPECIFIC PRODUCT QUALITY

Specific quality standards, which have to be monitored by the
operators, are stipulated for each work station. In theory

" the degree of conformance to these standards is taken to be
one of many indicators of the level of effectiveness of the
worl: station. In work station No.33,; conformance to gquality
standards will be under control, if the daily average pack
mass does not deviate more than 1% from the standard mass
(SBng). Mass is monitored on a continuous sample basis from
the production control chart. The workers are presently going
through a learning process. More sophisticated statistical
methods based on quality control charting are being
maintained in other work stations where process control is
more important than in the packing sections. In the packing
sections, the scope of guality factors will be extended as
circumstances allow. The work station’'s daily average packet
mass 1s recorded separately in graph format in the library

area.

2.5 CONCLUSIONM

In the targetlcompany the manufacturing department has seven
responsibility centres. The responsibility centres in turn
consist of seventeen sections altogether. It is therefore
important that within each section, data is cellected with

the active participation of the foremen and of the workers
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themselves. Feedback of results on an routine basis is most
important. To this end a dedicated administrative person (on

computer) assists to speed data manipulation and reporting.

In introducing the system as set out above, it was found that
interest from the side of the workers was best maintained if
reporting was regular and consistent. A weekly time frame, as
opposed to daily reporting was alsoc found to be more
beneficial. The fact that workers have indicated that they
prefer a formal feedback before commencing the following
perind’s work, is taken to indicate heightened interest and

commitment to the job.
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CHAFTER 1@

CONCLUSION - COMMENT AND RECOMMENDATIONS

18.1 INTRODUCTION

The introduction of a measurement system can be harmful to
the morale in a company. A system’'s design should fit the
organizational structure of the company. If it does fit, and
if the structure is practical, people will perform. The
nature of the structure'is important and should be in harmony

with the style of management in the company.

Measurement is only one of many factors contributing to
productivity in the company. Its role should be to focus
people‘s attention on those activities which contribute to
productivity improvement. If its application is so intended,
measurement becomes a strategic issue. It is within this
context, that the benefits which have been derived by the
introduction of the specific measurement systems, are

commented on below.



16.2 IMPEDIMENTS TO DETERMIMNING MEASUREMENT BENMEFITS

A year prior to measurement, the manufacturing organization
was restructured to its present fDrm. Coupled with this,
tactical decision making responsibility was encouraged on the
lower levels of management. Tactical decisions were to be
based on the dictates of a simple, but effective production

\

planning system.

During that same year, the company recorded a S4% increase in
profit before tax, thereby reversing a downward trend evident

over the previous three years.

One cutstanding reason for the downward trend in previous
vears was that, notwithstanding adequate capacity, production
was unable to cope with peak season demand. The
production/delivery lag was & weeks. Within two months of
restructuwing, this time was reduced to 13 days. Since
introducing productivity measufement this time was further
reduced to the current position of S days, i.e. delivery to
any depot in the Republic within S days of receiving the

order.

Many other aspects of productivity have alsc improved since
measurement was introduced nine months ago. It is however
difficult to say exactly how much of the improvement was due

to measurement alone.
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The measurement system is not as yet fully established in all
the responsibility centres. Some sections still have to
establish library areas for instance. Performance measures
havevbeén introduced in all the responsibility centres, but
are not yet summarized in a matrix for regular feedback to

the work force in all the sections.

1@.3 TOTAL PRODUCTIVITY MEASUREMENT — CURRENT SITUATION

From a usage perspective, the Total Measurement Model has not
been successfully introduced. The potential users are still
inclined to fall back on the financial statements for
discussion and decision making. There are apparently three
reaséns for this:

1) The financial =statements compare actual performance to
current budget and to those of previous years. The
productivity statement does not carry this information.

2) Top management is more comfortable with the financial

concepts and ratio=s in dealing with their peers.

3) The introduction of productivity statements has led to
the financial function drastically improving the
reliability of financial reporting. Committed and
outstanding cost concepts have noﬁ been pinned down to
such an extent that new operating procedures and
financial systems Dperation have been introduced to
accurately determine actual caosts. The "provisions”
reporting principles promoted in the productivity

statement have also been adopted in financial reports.



124

To date the productivity statement has been written up
independently. Given the size of the company, the next step
should be to integrate the system with the financial one
through automatic computer manipulation. Automation will
ensure the effortless building of an historical data base for

forecasting and planning purposes.

1@3.4 IMPROVEMENTS IN MANUFACTURING

Since introducing measurement, performance indicators have
recorded a gradual improvement in efficiencies. At the same
time middle and lower management have reacted positively,

improving other aspects of operations.
10.4.1 Efficrency

In every work station, without exception, "operator’'s

capacity utiiized" {see diagram 8.35) has improved since April
129@8. On work station no. 33 for instance,; the efficiency
reading which started at 694 ; currently (September) stands
at 89%. Capacity lost as a result of "manager 's scheduling”
at first decreased. As demand levelled off toward the end of
the peak season, it increased again. This trend is .

interpreted as meaning that the same physical production is

being attained in less time, leaving spare time. The

assumption is supported by the improved results on
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“*operator ‘s capacity ntilized”; i.2. "manager ‘s sheduling”
has improved, and the increase is not a result of poor

planning — on the contrary.

The results of the productivity measurements taken from the
schedules such as the one presented in Appendix J, indicaté
noe noticable change in labour productivity. This result deces
not mean that labour productivity is stagnant. The problem is
that the operational definition of output is incomplete. It
only covers physical Dqtput with resﬁéct to work station
production. The labour is obviously at times being utilized
on other jobs (see "managers scheduling”) of which the output

oL
cannot be recorded, such as housekeeping chores.

The kind of information ocbtained from the measurements no
doubt gives the answers required and which is understocd by
lower management. The application of graphics adequately
reflects trends which are understood by the majority in the

work force.
18.4.2 Other Benefits

There has been changes in management practice and worker
attitudes which can be ascribed to measurement. The
activities noted below are all connected to measurement in

some way:

1) Whereas managers were office bound before, they are now

spending much more time on the factory floor.
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Consequently, processes which have been in operation for
many vyears are being simplified. So far this year more
than 75 tons of redundant equipment have been removed
from the factory floor to storage. Miadle and 1lower
management are making time available to take an active
lead in getting things done. Examples are the spray
painting of oclder machines, Dbtéining outside quotes to
refurbish certain machines, etc. This is being done
within the parameters of their budgefs.

Factory floor space has increased by approxmately 167 as
a result Df thé actions taken above. This means easier
cleaning and higher scores on the hygiene audit.

In the past, operators were not inclined to do any
maintenance on their machines. That situation has also
changed completely. In the one packing section, for
instance, & small "workshop” area has been set aside for
certain machine spares and tools to be kept. This has
resulted in less machine downtime and imprﬁved
"operator ‘s capacity utilized".

Workers are much more willing to do different jobs. Not
so long ago it was considered "worker exploitation” if a
worker was asked to do another job. There is a much
higher incidence of "green card hiring®. The sections
"hiring out” labour are gaining through man-hour savings,v
which is reported on the labour productivity schedule

{Appendix J).



5) Materials management has improved. Whereas packing
material shortages was a constant problem two years ago
it is unheard of today. The packing material stock
holding in terms of mass, has on a monthly basis
decreased by 7%, compared to the previous year.

6) Over the past 18 months, manpower headcount in the
manufacturing department has been reduced by 13%. During
the same period absenteeism has dropped from 6%Z to 4%.

7) There is a greater willingness on the side of production
staff to try new ideas. During the past seven years the
company has only launhced 2 minor new products; which was
done in 1982. Nowy; two major launches are planned for
1991. Production management apparently feel more
comfortable and in control of their situation, given the

performance measures introduced.

14.5 RECOMMENDATIONS

The introduction of the total productivity measurement system
was premature. The fact that many of the recommendations
suggested under "income statement issues”, discussed jn
chapter 7, have been adopted by the company, is seen as a
step closer to acceptance of the productivity statement

concept.

In retrospect however, the total measurement system should
only have been introduced after the successful introduction

of the matrix system in the manufacturing depa?tment. The
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benefits obtained from such a system are immediate, and they
open the way for acceptance of the much more involved and
difficult task of total productivity measurement. If the
exercise had to be fepeated, total measurement would be
targeted at responsibility centre level, with the emphasis on
partial measurement with the objective to improve operational
decisien making through improved control. Thereafter the
system can be expanded into other areas to include the whole

company .

With regard to the measuwrement system introduced on section
and work station level, the results thus far have surpassed
all expectations. It is too early to recommend any changes to
the system, except to say that in the introductory phase,
section management requires a lot of moral support fFDm\tDﬁ
management until the whole process of information collection

and feedback has become routine.
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AFFENDIX A

‘BRANDS ARE ASSETS’
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curbulent, somerimes bewildering
marketing world makes us uneasy,
uncomfortable, even confused. Some
say we should get back wo basics. Not
o okt basics. We need ro identify
and praceice new basics.

Market globalisation, agency
concentration and rerail polarisation
have changed the markering

andseape. When ehe macker changes,

markering must change. The
consumer is che uleinvre arhirer of
success. The new consumer is more
sophisticnred, more sensitive, mare
selective, nnd more sceptical than
ever hefore,

For rhe firse time in the history of
rhe world, 50% of rhe world'’s
school-age population is earolled in
school. For the fivs time in history,
half the children of the world have
rhe opportuniry ro learn the basic
skills for rurning darkaess into light.
But, cducation is more than juse
schooling. When school ends,
homework ends and fearning hegins.,
This generation has access to, and is
exposed to, more information abour
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This issue of Research
Dipest is based on Larry
Light’s speech at the sixth

annaal Reader’s Digest Mar-
keting Seminar in Canada.
Larry Light, President &
CEOQO, Arcature Corporation,
Stamford, Connecticut, is a
PhD whose strategic planning
and macketing management
abilitics have won him an
international reputation in
business and in academia.
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cverything. They hear more, see
more, experience more than cver
before, Increased educarion and
increased access o information are
basic, fundamental, pervasive
developments affecring sociery,
politics, and business worldwide.

Smarter people live smarcer, As
cducation goes up, the percentage of
working women goes up. Smarter
women work for a raise in pay and
also for a raise in praisc.

As cducation goes up, family size
pous down. As educarion poes up,
oceupational status chunges from
induscrial o service, from Hifring
things to thinking things, from
muscele ro meneal, from pushiog sieel
to pushing pencils.

Smarter people live smarree ind
longer. They wang to live beerer.
They are more self conscious und
more conscious of their physical
selves. The Smarter Generation has
passion for fitness. They want o feel
good and ook good. They arc healeh
conscious. They are fitness conscious,

They don’t wane statas symbols
that say what snobs chey are. They
want those that say how smarr they
are. To the Smarter Generation,




st isn'eon [OQ seore, it is an
attitude. To he st means 1o he
:llL‘l'l, I'(‘.‘;Hlll'('(,‘l‘lll, inp:('ni«)ll.\,
intelligene, knowledpeahle, bright,
comperent, clever, mnusing, witty,
wise, stylish, clegant, exclusive,
fashionable, chic, vrendy,
scintithieing, bold, The Smarier
CIenerion Willis o e ssuder,
look smarter, feel starer, live
.\'“lill'('_("r, :ll‘“[ l_’lly smarier,

We have o mare indormed, more
sceprical, more selective, more
sophisticated, more sensitive, more
aeestioning, more denmading,
Smarrer Genertion of consumers
than ever before, This is the Age of
the Smacter Genertion, Smarter
people buy siarter. Smarter people
value quality. They value money.
They also value rime.

To the Smarter Generation, rime
is as precious as moncey. Instead of
spending time o save money, they
will spend money 1o save cime. e is
not ondy how much time you spend,
but how you spend your time char
mateers. Convenience used to he o
reason why o product or service was
cheaper. Today convenience makes
it better. People nctually prefer
selfeservice. More and more people
prefer the convenience of cash
machines to waiting inline ar
so-called full-service tellers. At petrol
strions, an increasing pereentage of
people say they prefer sell-service.
They will pay a premium to shop ar
convenience stores.

The Smarter Generacion values
queadivy, nmoncy, and time. That's why
rhey value brands. They value brands
hecause brands add value, Brinds add
vitlue by promising o quality
experience for your money ind rime,

The iden ehae hrands add value to
a product poes back to dhe dawn of
markeeing. In medicval times, a
readesman put a mark on his wares ..
c.g. peweer, gold, sitver, clorh. Since
it was the mark of the erdesman, it
came o be known s acemdemeark,
The rademark was recognised as a

very valuable asset.
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Brands are Assets !

Brands are assets. They are more
than trndemarks, They are
triestmarks. A vrusted brand is o
penuine asset. When people purchase
compuers for rheir company, the
trostack THN Ty

advantage, An executive knows tuu

sadelinine

an IBM compurer will be well made
and well serviced. He also knows
that e won't get fired for buying
IBM.IBM doesn’e stand for
International Business Machines.
M s o trustork, e stands for
Selicve in this Machine”.
“Goodwill” is defined as the

financial vidue of the reputation o

company has with its customers. -+,

Thae is whar branding is all abour . .

areputation that a product/service/
company has with its customers.
According to the accountants,
however, the only way a company
can recognise their years of
investiment in brand building is to
sell the company. This policy
chncourges buying and selling rarher
than investing in brands.

Many exccutives are nervous
abouwr brands, toa. To them, if you
can’t measure somerhing, ie doesn'’t
exise. Ir's hard 1o measure feelings. 1t
is hard ro quantify desires, dreams,
cares, concerns, ambitions, affection,
loyalry, love, Bur, feelings do exist.
Livery customer comes with a brain
and i heare. Brands appeal to boch.
A brand is more than a product. To
praduct funcrion, a brand adds
feeling. To produce performance, o
hrand adds personalicy. The role of
advertising is to make a product into
a brand. Brands are worth more than
produces. Brands are valuable assets.

Some critics argue that oreason
for not treating brands as assers is the
conceen that the life of a brand
mighr be limited. This makes no
sense. The life of o brand is one of
the fow porencially unlimiced assers
of the company. Brand assers are
enduring assets. Brands ottlive
produces. For example, Mercedes has
long ngo outlived the original

facrories and rhe ariginal eployees,

This point of view is recopnised in
law. The bww cells us char of the three
forms of intellectual properry, parents
must expire. Copyrights expire. Only
a trademark can be owned forever.

The Law of Dominance
Al this emphasis on brands is very
good. Tt forces us to focus on the true
encuring assers of o company, the
And dominant brands

brand s
are the best assets.

We conducted a special study of
the return on investment (pre-
interest, pre-tax) vs. market rank for
2746 businesses in the renowned
PIMS data base. We found a clear re-
lationship berween market rank and
profitability.

Here is the evidence:
MARKET RANK VS. ROIL (
RANK RO i
I 31 ;
2 21 i
3 16 |
44 12 |

Businesses with a market rank of 1
averape an RO of 31 percent. Those
with a market rank of 4 or worse
deliver an RO of only 12 pereent,
Market leaders are about two and «a
hall cimes as profitable as those
businesses which rank 4+. A 4+
business isn't really a viable business;
it is an unprofitable hobhy.

The patrern is consistent and
clear. We call this pattern the Law of
Dominance. One is wonderful. Two
can be rerrific, Three is often
threatened. And four is usually fueal.

We recopnise, however, that all
leaders are not the same. There are
dominators and there are marginal
leaders. A market “dominator” is
deflined as a business with sales
volume at least 1.9 vimes its nearest
competitor. The remainder of
number 1 businesses are defined as
“marginal leaders”.

[N VETELT L e




MARKET RANK VS ROI

RANK RO
Leaders
' Dominator 34
X Marginal Leader 26
5 Competitors
Competivor 2 210
Competitor 3 1o
Fattowers 12

Marker rank is o erivical

determinant of business performance.

A ket Jominator is 92% more

proficable than its nearest competitor

(Competitor 2) and is three times as

profirahle as the marker followers.
The harde Tor beand donrinmnce is

not an epo teip Heis good business

sense. Dominane brands are che mose

profirable assers.

Beware of those who say “This
murrker is so hrge we can have a
amad] share and srill suceeed”.
Wrong! This kind of advice is
misleading, mispuided, mistaken
mismarkering.

Market size is not the issue. Ina
big market or in o small market,
feaders thrive, while followers
strugle ro survive, Concenrrate your
resources on clearly defined markets
in which you can hecome and stay o
feader. 1 is more profitable to be o
niche-picking leader than ro enter a
big market and be @ follower. e a
giant. Be a giane killer. Be o niche-
picking dominaror. Big market or
stall nuvker, ain o dominate or
expect to dic.

How to Build Brand Assets
Whar facrors are associnted with
marker rank? We studied over 29
steepric facrors, Flere are two
important fecors sssocinted with

leadership.

i. Quality is Critical

Market teaders sre distinguished by
superior quality relative to comperi-
vion, Praduces markered by domiina-
tors are rated 149% beter than
competitive alternatives. Foilowers,
on the orher hand, marker produoces

ey, o

STyt
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i
i
h

which are 3,1% worse than
competitors” products. Dominacors
sell on quadity, while Tollowers

atteimpl o compete un price,

INDEX OF

MARKET RELATIVE
RANK QUALITY
Pamicenionrs t 14
Marginal Leaders +0
Rank Two +0,3
Rank Three 22,7
Followers

-3,1

Quality brands are more than just
guativy producrs. Ta be a qualivy
Brsnd, everything associated wich che

Brsind nast be gqualiy. You cannat

sell qualivy except in o consistent

quitticy manuer.

B, the bean counters have a
passion for productivity. They focus
only on cost cueting. They focus only
an efficiency instead of on
eftecrivencess. They look ac
advertising in rerms of what it costs
instead of what it is worth, They
focus only on how to do somerhing
cheaper instead of how to do it
beteer. They encourage a stracegy
destinied o build market followers,
not marker dominarors.

To build an enduring, dominant,
proficable brand asset, quality
products must be supporced by
quality marketing. lmproving quality
increases the odds of teadership,
Supporring o qualivy producr with
increased advertising weight
significantly improves those odds. A
brand is o toral experience which
includes everything nssociaced with
rhe product ... consideracion,
purchise, use and repurchase. A
hrand experience includes display,
promation, packaging, pohlic
relations, advertising, cte. What is
the use of making ahigh qualivy
produce and then marketing icin a
fow quality manner?

The Macketing Mix Matters
There ix o furious hacele mging in
markecing. A bacele beeween the
proponents of advertising vs. the

proponents of promation. The
extremes are, of course, wrong, There
i place for bath advereising and
promotion. Spend 100% on
promotion and you build volume bur
not loyaley. Spend 100% on
advertising and you build foyaley buc
insufficient volume to be o marker
leader, Yo need both advertising
and promotion to be an enduring
market dominator. [t is not only how
much you spend, but how you spend
it that matters.

Our evidence in unequivoeal,
Compared ro the avernge, dominatars
spend 20% more of their budpet on
advertising. Followers spend 11%
less thin the average on advertising,
The key is to get the balance righr.
While dominacors spend hall of their
budget on advertising, followers
spend two out of three dollars on
promotion. Spend rwo thirds of the
advertising and promotion budget on
price rather than on brand qualitics
and you arc selling producrs, not
murketing brands. lastead of
emphasising how good a brand is, we
are stressing how cheap it is.

There is an important place for
both advertising and promotion.
Promotion builds volume.
Advertising builds loyalty. You need
product volume to be a dominacor.
You need brand loyalty to be a
profitable dominacar.

Brand foyalty s key to profieabilivy.
There is no such thing as product
loyaley. There is only brand loyalty.
We cannot build long-term hrand
foyalty by excessive cmphasis on
shoce-teem bribes. The excessive use
of dealing and promotion debilitates,

debases, and patencially deseroys

brand assets.

IF ehese frends conrinag, everybody
loses. The manufaceurer loses hrund
loyalty. The retailer loses qualicy
brands to sell. And the consumer
loses quality brands to buy.

Muarketing policies which destroy
rather than serengehen brand assers
are wrong!

How do you build enduring,
dominant, profitable brand asscts?




Quality is eritical. Be excellent.
£ Good enough is not good
enough. A quadity brand is more
than klllll“()’ |\I'Ugl|u'l |u'l'f1>1'|n:u\('c, A
quaticy brand is o rorl qualivy
experience ..o quality produce
presented and experienced ina
quality manoer,

. Differentiate your hrand,
o Identify a relevant consumer
want. Carve out a special niche. As
one philosopher poinred out — you
can’t be excellent; you must be
excellent at something. Tdeneily che
something specinl which dilferenti-
ares your brand. Dan'e ery to appenl
o everyone. Be very special ro
someone special.

Aim to dominare. Play to win or

don't play. Be o eader in every-
thing you do. To reach the top ol the
market, be rop of mind. Dominare in
media, display, promaotion, cre.
Consumers trust leaders, Big marke
or smatt marker, aim o dominare. To
dominare, you must concentnle.
Concenrrate your resources. Diffu-
ston leads co diturion. Congenerate
your resources on a niche you can
dominate.

i The Financial Value of
| Brand Assets
Suceess in the future will depend nor
on the factories you own, but on the
markets you awn. The only way 1o
own a market is via branding, Whar
is rhe financial value of o differenti-
ared, quality, dominane brand asset?
While it is difficole to quantify the
specific contribugion of cach inpu
into a brand'’s repuration, it is
possible to quantify the roral vidue of
the brand assevitsell We mus)
remember o avoid "perfection
paralysis™. Because something is hand
1o measure perfectly, that does not
menn we shouldn'ceey to mensare i
l :l“.

Wit ts o brand asset!? A brand
asser is a result ol
i how the market rates your brand

in use;

how the warker differentiates
your hrand from competition;
how the marker ranks your heand
in sales,
We compuied whar we term “marker
asser value” or “MAV". MAV is
defined as the combinacion of three
quantitarive measures @ (1) Marker
qrelity, (2) Marken differentintion,
and (3) Marker rank. We correlated
our measure of @ business's market
asset value with rthe “investment
multiple” associated with a business
(defined as stock marker value vs.
hook vabue).

Resule! Businesses with o bhigh
MAV have wn investmenr multiple
thae is over 225% greacer than
businesses with a low MAV. A
husiness with high qualiry, marker
differentined, macker deminant
beands is worth aver nwice as much
to the fnancial communicy. Inves-
cors will pay a premium over hook
value hecause they value premium
quatlity, highly differcatiated, market
dominane beands.

Nestle didn’e pay 25 times carn-
ings for Rownrree’s facrories, They
hought Rownrree's differentiated,
qualiry, dominant hrands. Compa-
nics and investors recognise that a
company’s most valuable assets are irs
heand assees. And the best assets are
differentiared, quality, dominant
hrand asscts.

The Smarter Generation
wants Brands

The Smarter Generation respects
and rrusts leaders. They will pay o
premium price for leading brands.
The business and financial communi-
ties increasingly recognise that a
(‘u||1|\:my':; 1iost \/:lln:ll\h' ASSCLS are Qs
brand assets. And the mose valuable
brand assers are high qualivy, market
differentiared, marker dominant
Brond sssers, Conswers vidae
queedity, difterentinted, dominan
hrands .. Laad the financial commu-
nity values companics thae marker
thase brands.

An advertising agency is really o

manufacruring company. Clienes
manufacture products. Agencics
manufacrure hrands. The agency's
manufacturing plant is in che
consumer's mind. The munufacturing
process is marketing. Marketing,
pacticularly adverdising, creates a
hrand which is worth more to the
cansumer than the produce itself,
Consumers will pay more lor brands
than for products.

Strong brand assets are good for
business. Strong brand assets arc
good for consumers. Strong brands
are a1 trust assurance policy for the
consumier. Strong brand asscts are
good marketing policy and good
public policy.

We live branded lives. We drive
branded cars, We eat ac hranded
restaurants, We use branded credie
cards. We wear branded clothes. Our
children attend branded schools. We
live in branded cities where we have
jobs in branded companics. We take
branded planes to branded vacarion
destinarions, We live branded lives,
And branded lives are beceer lives.

The Smarter Generation is on our
side. They are telling us thae brand
loyaley is not boughe chrough bribes,
it is carned through truse. The
Smarter Generation truses leaders.
They tell us chey wanr quality, they
want value, and they value time as
well as money. They will pay a pre-
mium price for differentiaced, quality,
dominant brands. They vell us they
want a quality total brand expericnce
supported by qualicy marketing,
communicated in o quality manner.
They will pay more for brands than
for products. They will pay more for
premium quality, market differenti-
ated, market dominant brands. They
want Orustimnarks, not mere teade-
marks. They wanr what markerers
want to provide.

To our Readers
For additional copics of this issue of
Rescarch Digest. Just contace:
John Annandale
Reader's Digest, PO Box 784483
Sandton 2146. Tel: (011) 883-6910
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APFENDIX E
INTERNAL REPORT

Refer to p. 68. Two relevant issues are
discussed:

— Management Planning and Control

~ Operational Control

The aims as set out in this report can

Dnly be achieved through specific productivity

{or performance) measurement.
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EXECUTIVE ROLES AND OBJECTIVE SETTING

Organisational Needs

Modern organisations are large and complex. Because they
have become so it has been necessary to delegate the
responsibility of managing their component parts to an
ever—-increasing hierarchy of managers.

This hierarchy of managers, through the organisational design
and the network of planning, control and information systems
within which they function, forms the infrastructure of the
modern organisation. Together they form a gestalt and, under
the influence of the chief executive, give the organisation
its character, style and personality.

There is, however, an order in this infrastructure which
allows one to generalise about the roles of managers at the
various hierarchical levels.

In this section:

-~ The need for organisational effectiveness and efficiency
is explored.

- Strategic planning and management {(business) planning and
control that reflect effectiveness, operational control
that reflects efficiency, are defined.

- Delegation and its effect on managerial roles are
examined.

- Finally, a model indicating the degree to which a
particular manager, at a particular level in a managerial
hierarchy, should be involved in strategic planning,
management planning and control and operational control
1s developed.

This model has been termed the normative management structure
and is compared to what can be termed an empirical management
structure which indicates that managers in most organisations
are overly involved in operational control and that, in
comparison with the normative model, too little innovative
planning is undertaken.

It ‘is also indicated that, if organisations are to move from
the empirical model to the normative model, managerial key
performance areas need to be identified, the flow of
redundant operational control information needs to be
eliminated, and a proper management control system to trigger
dynamic continuous replanning needs to be developed.



An organisation needs to be both effective and efficient to
survive and grow. It needs to be effective in the sense that
its interaction with its environment leads to profitable
growth. This requires continuous entrepreneurial action in.

- The development and selection of a grand strategy for
growth and survival. This includes the setting of
various kinds of objectives and policies and the
specification of strategic guidelines that are essential
to give direction to the various planning processes in
organisation.

- The choice of products and markets to ensure that they
fulfil a need in society. this involves both formal and
informal market research and the development of new
products and markets to keep pace with the changing
demands of society on the one hand, and to keep ahead
of competition on the other.

- The development and maintenance of a competitive strategy
to create and stimulate demand, to ensure material and
financial resources and to increase market share. This
includes the dynamic use of marketing tools in the light
of changing patterns of demand, substitutes and new
entrances to Lhe market.

- The choice and source of raw materials in manufacturing
organisations and suppliers in merchandising
organisations appropriate to its competitive strategy.

- The application of innovations developed within as well
as outside of the organisation to the manufacturing and
other functional processes of the firm.

- The selection and development of human resources to
improve productivity and managerial efficiency. Use of
these resources through improved relationships to carry
out tasks operationally.

The effectiveness of action in these areas is reflected in an
organisation's ability to anticipate changes in the
environment and to develop competitive strategies in advance
of such changes and thus to always be in a position to grow
profitably in the changing world of tomorrow. It is also
relected in an organisation's ability to react quickly and
efficiently to those unanticipated changes with which
competitors, governments and labour unions like to confront
the organisation.




1484

The group of managers who are primarily responsible for
effectiveness are the entrepreneurs of change agents - short,
the thinkers - in the organisation. They interact with an
ever-changing dynamic environments and therefore function in
an open system. They are to be found in the higher echelons
of management.

An organisation also needs to be efficient in the sense that
the numerous tasks that are carried out internally in the
organisation should be performed at a level considered to be
acceptable. An organisation therefore should see to:

- The development of standards of acceptable performance.
These standards can be developed historically or
scientifically by using work study or industrial
engineering techniques. Examples of efficiency
standards are man-hours per unit of product,
machine-hours per unit of product, material per unit of
product, machine downtime, productive time ratios,
minimum/maximum invetory levels, percentage rejects per
volume of output, salesman calls per day, average sales
per call, contribution per salesman, cost per kilometre,
billings per clerk, and many others.

- The development of rules and procedures that prescribe
the preferred manner in which things are to be done in
the organisation, as well as a means of monitoring the
application of these rules.

- The development of a culture of discipline within the
organisation which involves the development of control
systems to monitor the efficient performance of tasks,
together with a mechanism to ensure that corrective
action is initiated when variances from the standards
exceed acceptdble levels.

Efficiency here i1s reflected in an organisation's ability to
perform according to the stated standards and to generate
corrective action whenever there are unacceptable

deviations. It is also reflected in its ability to
continuously improve productivity along the learning curve as
opposed to productivity improvements that are the result of
specific plans and programmes aimed at changing the
composition of resources used in any particular situation.
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The group of managers who are primarily responsible for
efficiency 1s much larger than the group primarily .
responsible for effectiveness. They are the administrators
and supervisors in an organisation and tend to operate in an
evironment which i1s to a large extent buffered from the
uncertainties of the external environment; they thus function
in a relatively closed system (or, more correctly, a less
open system) than the entrepreneurs and change agents
responsible for effectiveness. They are to be found in the
lower echelons of management. '

Thus, if an organisation is to survive and grow profitably,
it must be both effective and efficient, with the higher
levels of management primarily involved in effectiveness and
the lower levels of management primarily involved in
efficiency.

Strategic Planning, Management Planning & Control &
Operational Control.

A more explicit way of specifying an organisation's need for
both effectiveness and efficiency is to do so in terms of the
planning and control activities it has to undertake. These
are:

- Strategic planning

- Management planning and control

~ Operational or technical control

Strategic planning and management (business) planning and
control are primarily aimed at ensuring effectiveness while
operational control is aimed at ensuring efficiency.

Strategic planning is the process of deciding on the mission
and objectives of the organisation, on the resources to be
used in attaining these objectives and on the strategic
guidelines and policies that are to guide and govern the
management or business planning process. It therefore
involves -

- deciding on the mission of the organisation and thus what
kind of business or businesses the organisation wants to
be involved in, '

- specifying the objectives of the organisation and also
any changes in these objectives,

- the allocation of resources, and
- the specification of strategic guidelines and policies

that are required to give direction to the management or
business planning process.
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Management (business) planning and control is the process of
ensuring that resources are obtained and used effectively in
the accomplishment of the organisation's objectives. It
therefore involves -

- the development of plans for the effective acquisition
of resources, and

- the development of plans and action programmes relating
to the effective utilisation of these resources in the
areas of administration, marketing, manufacture,
inventory holding, research and development, and in any
other area in the organisation in which resources are
used. '

The plans and action programmes are all aimed at the
accomplishment of the organisation's objectives in a
continuously changing and uncertain environment and are often
bound by the strategic guidelines and policies resulting from
the strategic planning process.

It is clear that many more managers are involved 1in
management planning and control than in strategic planning.

Operational or technical control is the process of ensuring
that specific tasks are carried out effeciently. This
involves:

~ a clear specification of the task to be performed as
well as procedures for performing 1it;

- the épecification of efficiency standards;
- the measurement of actual performance

- the identification of variances from the efficiency
standard; and

- the initiation of corrective action.

_Operational control therefore involves the creation of a
whole network of efficiency standards and operational control
systems within the technical and administrative core of the
organisation. In comparison with the strategic and
management planning and control processes, it involves many
more managers at supervisory level where physical tasks are
performed.

The characteristice®of the foregoing planning and control
processes are summarised below.



143

931'IN0O0BR‘DTIOLSTY
‘suoTtjyeaado
03 9peW-IOTTEelL

psinionals ATUBTH

(Aep
03-A®ep) 1I0US

S2[NI UO VOUEBRITDI
pu®B sSuoOT31OoNIJZSUT
Jo butmoTTo4

UOT30O" SATQADIIIO0D

ybnoayy 1o0ajuod

Juswsbeuerw
AxosTaaxadus

uoTjioesueIl
JI0 xse3 9rbuts

271BINDDR 2I0U
S3SePDI0T OTISTININT
TeloueutTy’‘pojeabajul

DTWYIAya
pue paInioniisg

(pus a1e34
f1enuUUe) WNTpPSN
aaTsensaad

Tejuawsbpnl ‘sAaT3e2Id

putuueTdsax
ybnoaysy 1o0ajuo)d

saobeurwW SUTI]

uotjeaado sToum

utejlI90UN

ATybTy’soTastanang
/37BINDORUT ’ [RUIDYXD
wusTgoad I0F pIaI0TIE]

s3o2load aernbasxar
puer paanjonijisuqn

BbuoT =29 03 spusal

psaetjobau pue TedT3lTTOd
!TedoTli[eU®R PUB IATIEIID

putuuerd
uo stseydud

wwmpm pue
quswsbeuru dog

‘swTy ' 3P 3dadse auQ

UOT1PWIOIUT JO aaniey

2an3onais Jyo sxaxbag

UOZTIOY DUTJ

A3TATID® [BPJUIN

SS9001d

psaToaut
Artaeutad suosasg

snooj

ToI3u0D
Teuotaeaadp

ToxjuocD pue
Butuue(d Juswsbeury

Pputuuerd oTbejeilg

OT3SsTaI33DERIRYD




144

Figure | . Narmatve management struciure
r 7
e -
e I
2 ,\\O’D: / N
WS \
- 9 & N
Qo managcement -’ &l
- A /s 3 Y C
et oot e o e e s e e ——— STl [ 0
’ f:. ——
_] - ) 4
________________________ )... _— - " - - aa e e we 4
7 & A=
VAR -
Micagie / N9 /
. N .
management 2 /
&
— & /
f\\.
- / N
/
- R
——————————————————————————————————— ekl R S e "-_\‘_...__
= /s 7 A
X....__.._..___'.-.—_... S A ~CNRI N N €
\Cosrzung 7 S
managament P Gg‘,“
] \ /
\ 2
Simotifiea argznissiional ' Narmative management struciure
NIerarIny ’ (rerative tmes soent an gianning -
Zna csairol)

Normative management theory emphasises that top management
should be heavily involved in strategic planning and
supervisory or operating management heavily involved in
operational or technical control. The role of middle
management is less clearly defined in normative theory, but
one would intuitively expect them to be fairly heavily
involved in management planning and control, that is to say
the effective acquisition and utilisation of resources in a
dynamic and ever-changing environment, and only marginally
involved in strategic planning on the one hand and
operational control on the other.

The principles of delegation tend to modify the foregoing
statement slightly insasmuch as the accountability of
managers for the performance of subordinates inevitably
involves . them in the planning and control activities that
have been delegated to those subordinates. Top management
thus become more heavily involved in management planning and
control and even in highly exceptional cases in operational
control than is, according to normative theory, necessary.

It would therefore seem that -

- top management should be heavily involved in strategic
planning as well as in management planning and control,
but only in highly exceptional cases in .operational
control; '
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- middle management should be heavily involved in
management planning and control but also in operational
control, and to a lesser degree in strategic planning;
and

- operational management should be heavily involved in
operational control, to a much smaller degree in
management planning and control, and not involved in
strategic planning at all.

The Normativ Management Structure

Assuming that the foregoing statements correctly reflect the
planning and control responsibilities of line management at
the various managerial levels, it is possible to develop a
normative management structure in the manner illustrated in
figure 1. The managerial pyramid at the gross level
distinguishes between top, middle and operating management
and, within that, at a more detailed level, the organisation
chart i1llustrates the specific levels of management and their
relationship to the normative management structure.

The ‘levels of management are indicated by the vertical axis
and the relative average time spent on the various planning
and control activities within an average year by the
horizontal axis. A horizontal cut across the normative
management structure at any hierarchical level will
illustrate what planning and control activities a manager at
that particular level, normatively speaking, should be
involved in.

The horizontal cut will also indicate, approximately, the
relative proportions of time spent on planning and control of
the three types, and thus in which of these areas the manager
uniquely contributes to the achievement of organisational
objectives. This is due to the fact that the mangement
structure, although illustrated abstractly, highlights
managerial involvement in the various planning and control
activities at the different managerial levels, relative to
one another. BAs already stated, this division refers only to
time spent on planning and control, and not to total working
time, for the manager will typically also spend time on other
activities such as interaction with subordinates, peers and
supervisors; thus on activating functions as well as in
operating or the doing activities, which do not fall under
planning and control.

With reference to figure 1.2, manager A would spend
approximately AB/AD% of his planning and control time on
strategic planning, BC/AD% on management planning and control
and CD/AD% on operational control. Likewise manager B would-’
spend EF/EG% of his planning and control timé.on mangement
planning and control and FG/EG% on operational control.
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It should be stressed that an unwarranted degree of precision
should not be read into or attached to the normative
management structure model; this model is merely an
approximation and is intended to serve as a guideline for
managerial roles in a management hierarchy.

Traditional SA Management/Emoirical Management Structure

Empirical research and the subsequent wide application of the
key performance area analysis technique has indicated that
actual management practice regarding planning and control.
together with the management structures that come into being
as a result thereof, deviate significantly from the normative
structure described in the foregoing section.

Both research and key performance area analysis indicate a
very high degree of involvement on the part of both top and
middle management in operational control in the real-life
situation, relative to the normative situation. This
over—-involvement in operational control has a marked effect
on the management structure which reflects the planning and
control activities in which management at the various
organisational levels are involved. 1In figure 2 the
management structure reflecting the real-life situation,
which has been termed the empirical management structure, 1is
illustrated abstractly and compared with the normative
management structure.

Traditional SA Management or Empirical Management Structure
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There are a number of reasons for the empirical type
management structure in organisations. The following would
appear to be the most important:

a)

b)

)

The extremely high degree of uncertainty which exists
amongs individual managers as to what exactly their
roles in the organisation are. This uncertainty relates
to a particular manager's unique contribution in the
organisation. The result is that he tends to be
heavily involved in the management of responsibilities
that have been delegated to subordinates who in turn
tend to deal with efficiency and thus operational
control. This uncertainty seems to be prevalent at all
levels of management.

The high level of sophistication to which operational
control systems dealing with efficiency have been
developed. Systems that measure production throughout,
plant utilisation, labour productivity, maintenance
efficiency, distribution, efficiency, backorder
processing, inventory control, process control and many
others, have been well developed. Most of these
systems are computerised with the result that stacks of
information or data are provided to which managers at
all levels seem to feel a need to react. All these
systems deal with efficiency and thus operational
control and the sheer volume of reports result in an
over-involvement by all levels of management in
operational control.

The lack of replanning systems of a formal nature or
more specifically a management control system to serve
as a trigger for both management planning and control,
and strategic planning. The budget variance reporting
system, which is the major information system with which
top and middle management interact, traditionally
emphasises historical performance with variances. It
tends to suggest corrective action which is more often
than not simply impossible because of a changed
environment. In these cases an explanation of the
variance is all that is required. What is more,
favourable variances are often considered to reflect

satisfactory performance while this may, in fact, not be

the case.
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Finally, there seems to be a number of less important
reasons for the evolution of an empirical type
management structure, such as -

the inability of managers to move from functional
or specialist management to general management;

- the inability to delegate;

- the tendency, on promotion, to drag the old job
along; and

- the Peter principle of promotion to a level of
incompetence.
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. APPENDIX C

ORGANIZATIONAL CHART
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ORGANIZATIONAL CHART

FUNCTIONAL RESPONSIBILITY SECTIONS NUMBER
DEPARTMENTS CENTRES OfF
WORK STATIONCS

COMPANY |—
— MARKETING
- FINANCIAL
— PERSONNEL
— MANUFACTURING —
— RAW MATERIAL
INTAKE INT AKE 3
— DISTRIBUTION — NATIONAL 4
— LOCAL 6
—  WAREHOUSING 2
—  MOTOR WORKSHOP 1
—  PURCHASING 1
[ OPERATIONS
ADMINISTRATION —L— LABORATORY 2
— ENGINEERING — MECHANICAL 4
—  ELECTRICAL 3
—  LOSS CONTROL 2
—  BOILERS 3
— PRODUCTION 1 ——1—  MANUFACTURE 3
— PRODUCTION 2 ——— 'MANUFACTURE 4
—  PACKING 9
— PRODUCTION 3———  MANUFACTURE 2
—  PACKING 1

NOTE: WORK STATIONS No's 33, 34, 35
and SECTION No 12 situated
in shaded area.
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RESPONSIBILITY CENTRES
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! Intake i-bution: -ring | Admin. | -ting i -nel | ~cial iGroup 1 iGroup 2 (Group 3 1 Total |
1Sales volume(tons) 1 : ! 1 i H ) H 1964 2600 1396 4 5960 1 !
iProduction volume{tons) : : ! H H H H | 1859 4 2616 1253 | 5728 1 2
16ross Revenue H i i H H 1 1  AB56554 | 2255847 1 11463979 1 8276380 % 3
{Inventory Adjustment H i H H ' H 1 V4767658 1 2260224 | 1026207 | 8054089 § 4
1Sales Returns ! H H : | H ! T 29299 1 (873 4 6874 1 IB046 1 S
iProsotions ; H H H H H H I RYL I 01 7654 1 28978 1 &
5 el !
iNet Revenue ' 1 H 1 1 H H i 1 ABOS93L 0 2253974 & 51451 ) B214356 1 7
1Cost of Sales: ! } H H : H H ) f H H 1
{Ran Haterials ! : ; ; H H H 12002416 1 1354339 1 461793 ) 3818346 1 B
iPackaging ! H 1 ! H H H i 715048 4 07 74599 % 789747 7 9
Railage In i i H ; H : ! 1 73456 1 78910 1 ST236 1 209602 1 10
iinsurance H i ; H H ; H i 2226 900 | 3424 ¢ 6547 1 1
iStorage Premiuas i i { i i ; ] P 12000 1 249454 01 261454 1 12
1Total H : H ! : ! H 1 2805246 1 1683603 1 597049 1 5085098 | 13
16ross Margin H : i 1 H H 1 1 2000685 1 570371 1 554402 1 3125458 1 14
tVariable Costs 1 H H H : i | H H H 1 H
iCormission Paid i H ! : H : i v 13654 0 8753 1 22407 1 15
\Pronctions : H : ] H : H : (I ) 01 T
iDiscount allowed H 1 1 : ! H : V179285 Y 67675 0 162321 1 A09281 ) 17
iRoyalties Paid H H H { H ! ! : 300 1 01 0 500 1 18
Railage Out H 1 H ! H i H v 80631 1 i 22066 1 102497 119
'Shipping Cost i H H : H ! H v 13987 1 H 3000 + 17987 1 20
iYehicle Hire H H H H i H ; ! 3098 H 2104 4 5202 1 21
1Road Transport i H H i H H H I B6049 1 25814 1 {11863 1 22
] 1]
iTotal i H i ! H H i 1378204 1 67675 1 228058 1 469937 1 23
el L ‘ - -
16ross Contribution i i i H i 1 H 11622481 1 502696 1 330344 1 2455321 T A
!Overhead Exp.(see Table 7.21 62b16 1 98526 1162415 | 42402 1353835 | 31580 1283840 1 218773 1 1604604 | 138700 | 1552810 1 25
H omm———- R Jrm———- jrmmmm——- Jremm——- : } | ! ! mmmm——— H
iProfit hefere Interest/tax | H H i H H H } ! ! Toq02741 ) 76
H H i ; e it 1omemmee e Yoo R e } -1 - -
iInterest i H i H H H H H H 1 V13254 0 7
iProfit before Tax {PBT} H } H 1 H H i ' : ' 1 889457 | 28
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i
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1385 !
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4
b

02441
72018 1
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i
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i
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i

57
3
96710 3
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8
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1847 &
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3

2341

11765 i
24
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162625 |

500 1
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70094 | 1891sl!

26324
62343 1

4409640 1 1891611 | 1136319 | 7437590
1

3
200410
699982 |

) 4649548 3 189
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b
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i
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1
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1
1
|

i -tial iGroup |

' -ting | -nel

1Hanufac-)
MaterialiDictri-iEngineei-turing iMarke- iPerson-ifinan- (Froduct

i Intake i-butiani ~ring i Admin.

Responsibility Centres

INCOME STATEMENT (Rand)
Production volume!tons}

ross Margin

Honth: AY

Insurance
Storage Premuips

1Sales volume{tons)
i laventary Adjustaent

]
1

iCommission Paid
Discount aliowed
\Royalties Paid
‘Railage But

iPromotions

i6ross fevenue
Sales Returns
iPromotions
iKet Revenue
iCast of Sales:
iRaw Materials
1Packaging
ifailage In
tYariable fosts :
15hipping Cost
iYehicle Hire

iTotal

—
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™~

4
96987 4
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v

96¢ 1
20876 1

nHne
29

602238 1 2
V1897244 1 24
20405 t 26
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§]

)
)
!
i
1
]
3

132510 1 1376839 |

10980
2677

2

36710 3
154729 4

371532 4

211597 1

:
s

i

1257990

1
i
1

256 1 19465 1142990 3

]
i

Income Statesent for month Hay

+1Road Transport

iTotal

16ross Contribution
{iverheads (see Table 7.4)
iFrofit before Interest/tax 1
Interest

Prafit before Tax

Table 7.3:
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16324
132510 1 1

{0
3123
245 8
20696 3
154729 14

16540 1
16933 1
265 3
216 1
65496 §
11597

2

'
'

10000
6280 1
2654 |

3761

i
b

1764 1
205 4
107 1

80 !

14569 1119065 1
4132 1
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3798 1.
2612 1 26872 1
154 1

201

9876 1 12430 &
b

67 1 10447 1 10875 1

a
298
9765 |

Ji

c

1
i
1
i
i

1Total (Rand)

5

g
)

Table 7.4: Qverhead Expenses for month of Hay

Statf Cost
15taff Fecruitment

15tatf Training
18terilization

Salarie

iResearch & Development
1Security

iTransport Yehicle Cost

1Travel & Ent: Local
iTravel & Ent: Overseas

Hages
iHater

iRegional Service Levies

iFactory Naintenance

iProfit Provision
iTelephone Services

1
]
1
1
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1 Z 3 4 5 b 7 8 g
i i April 3 April ) April o Hay 1 Hay 1 May  1IPRODUC! Profit
¢ TOTAL OUTPUT 1 Current } Tons 1 Derivrd !} Current !Equiva. !Constant !!TIVITYiMovement !Line
' iTotal Yalue! iUnit PriceiTotal Value! Tons Unit Price!Indey ! iRef.

{Rand)

............... - ._..; :..__....-_-.._.. e mmmm———
iProduct Group f1 4767458 | 1859 1 2564.64 11 4649448 ! ! HH i
Product Group 28 2260224 & 2616 1 864.00 ) 1895730 ! ! " 2
iProduct Group 31 1026207 | 1253 1 B19.00 i 1110770 ! ' i 3
iTotal output | BOS4089 | 5728 | 1406.09 |1 7856148 ' 5445 | 1406.09 !! 4

-~Actual May Honth

{ 2 3 4 5 & 7 ] 9
) i April % Aprit } April 1} May = 1 May | May 1IPRODUC} Profit |
i LABOUR INPUT 1 Current | Tans | Derivrd ! Current iEquiva, iConstant 1ITIVITY!Novement iLine
] iTotal Valuel iUnit PriceiTotal Value! Tons {Unit Price!inder ! iRef.
18alaries bOR24E,166 1 G728 0 RAZ.I0 41 R234,029 | 5559 1 RA2.10 1) 98 1 (R4,779)1 S
1Hages |OR280,194 5726 1 P4B.9Z i) RZ61,987 | 5355 ! R48.92 i1 102 | R4,363 % b
iMotor Cars VORIG,6ES D G728 1 R2.90 0% R16,242 1 560t ! R2.90 11 97 ! (RA4BY) 7
iStaff costs 1 RIO4,272 0 57280 RIB.20 10 R9S,731 Y 5260 | RiB.Z0 11 104 ! R3,387 1 8
18taff recruite | F215 1 5728 1 RO.04 1) Ro ! ¢ RO.04 1) i R4 0 9
iStaff training @ RIS,733 {1 5728 ) RZ.75 {1 RS,437 ¢ 1975 RIS it 274 ! £9,524 1 t0
iProt. Cloth. 1 R3,121 1 5728 % RO.54 ¢} R2,@65 0 5306 L RO.S4 1 103 R1OZ ! {1
'Canteen i R3, 2560 S7Z8 1 ROLST 1L R2,034 0 3744 0 RO.ST LD 1450 R9sL ! 12
pmm—- -~ - - mS mmmomeee meeeeeeen Hlmmmmm e :
JLABOUR ! OR664,577 1 45824 1 RI4.50 i1 R61IB,420 | 42650 ! RI4.50 ) 102 3 RI3,316 ! 13
1 - LI :: _________ :

Table 7.6: Extract from Produttivitf Statement: Labour input.

1 2 3 ] 3 & 7 8 9
; : Aprii ! April 1 fpril o1 May ! May 1 May 1iPRODUC: Profit :4
IMATERIALS INPUT! Current  Tons | Derivrd |} Curremt IEquiva. iConstant iiTIVITYiHovement iline
: iTotal Valuel Wnit PriceiTotal Yalue! Tons iUnit Priceilndex : iRef.
'Raw Haterials (R3,818,548 | 5728 | Rab4.65 11R3,630,982 1 0447 | R6b6.65 11 100 (R!,IOS)E 15
iRailage IN ! R209,602 ¢ 5728 E #36.59 EE k212,642 f 5811t E R36.59 Ef 94 E(ng,396): ;?
: ; : l 1 ' 1 1" 1 i . :
Packaging ! OR789,747 % 5728 ) RI37.87 i1 R77L,993 1 5599 © Ri37.87 i1 97 1(RZI,Z66)} 1B
L | o ; ¥ : ! it ! 19
;Insurance i R6,547 + 5778 Rl.i4 " R6,929 ¢ 4078 1 Ri.14 51 90 1 (R705) ?0
‘Storage Premium! FR261,454 | 5728 | R45.64 11 R263,219 & 9747 | R45ﬂ64 L :(R14,683): 21
;HATEEIALS {R5,085,898 | 28640 ! R177.58 1iR4,885,765 1 27513 1 R177.58 11 99 S{RSL, 15431 2Z
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{ 2 3 4 5 b 7 8 9
} . v Ppril g Bpril 1 fpril Hay ! May i May {iPRODUC Profit |
! CAPITAL INPUT & Current | Tons i Derivrd i} Current jEquiva. iConstant !iTIVITYiMovement iline .
' Total Yalue! yUnit friceiTotal Value! Tons {Unit Priceilndex ) ‘Ref
iDepreciation | R282,260 1 5728 | R49.28 i1 R279,007 1 Sh62 1 RA9.28 i1 96 i{R10,693): 24
{Interest i RIS, Z34 4 57281 RZ.3E N k9,876 + 4276 1 RZ.31 1y 1280 Rz,721 1 25
{CAPITAL !OR295,514 ¢ 11456 0 R25.80 i) R288,885 1 (1197 1 R25.80 11 97 1 (R7,972): 26

Table 7.8: Extract from Productivity Statement: Capital Input.

{ 2 3 4 5 b 7 f 9
; Vo Bpril 4 April 1 April Nay v Hay 1 May 1iPRODUCI Profit |
i MNRTERIALS 1 Current 1§ Tons | Derived i} Current iEquiva. iConstant 1iTIVITY!Novement iLine
i HANDLING Total Value! 1Unit PriceiTotal Value! Tons iUnit Priceilndex ! fef
1Railage Qut ¢ ORI02,497 % 5728 ¢ R17.93 i1 R93,814 1 5232 % RI7.93 11 104 R3,B09 1 28
!Shipping 1 Ri7,987 0 5728 0 R3.MA 1D R18,329 1 Z200 1 R3.14 ¢ 105 R769 1 29
Wehicle Hire RS,202 + 5728 1 RO.9Y 1 R2,547 3 2799 % RO.9L 41 193 1 R2,398 1 30
iRcad Transport © Ri11,863 1 5728 1 RI9.53 41  R96,987 ¢ A%e6 1 RI9.53 &7 110 1 R9,349 1 3t
iTrans Yeh. cost! RIZ2,087 | 5728 {1 RZ.E0 11 R9,765 1 4628 1 R2.U1 30 M8 1 R1,725 1 32
Forklift ! k9,856 ¢ 5728 1 RL.72 0} R9,836 1 5730 1 RLL7Z M 31 (R4B7)) I3
; . H ; i } i i i 34
iEtectricity i Ro4,654 1 5728 ¢ R9.94 40 R50,985 1 5344 1 R9.54 10 102 0 R969 1 3§
P INT:MATERIALS ! 1 i " H H " : T
i HANDLING VOR314,346 1 40096 1 R7.B4 10 R280,283 1 35750 % R7.84 34 107 1§ RiB,532 1 37

Table 7.9: Extract from Productivity Statement: Materials Handling.
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{ 2 3 i 3 b 7 g 9

INTERREDIATE  mmmmmmmmmms mmmmmmm s o e e e e o
! INPUT i Rpril 0 Rpril 0 April W May i May } HMay iPRODUC) Profit
v Marketing | Current | Tons i Derivrd !} Current IEquiva. iConstant 11TIVITYiMovement iline
' Support 1Total Yaluel iUnit PriceiTotal Yalue! Tons iUnit Priceilndex ! 1Ret.
v Services  i-m-memoeoe- fommom i -==i - =--- M - mmmmm e d
iPomotions ! R28,978 3 5728 1 RS.06 i3 RiB,6BL 1 3692 1 RE.06 11 (47 1 EB,BAS | 40
iCommizsion v R22,407 ¢ 5728 0 RA.L9L 4 R21,989 1 5624 1 R3O 1T 97 1 (ReB%): 4f
iDiscounts v RA09,281 § 5728 R7I.45 10 R370,092 1 518G | R7{.45 11 103 1 RIB 967 i 42
iDonations e f341 1 5728 1 RG.G6 R34f ! 5683 1 RO.O6 1T %61 (RITY: 43 -
iMarfet. Expensel FR160,675 % 3728 1 R28.05 i1 FR187,659 1 4690 | R2B.05 i1 Bl 1{R34,923)} 44
iMerchandising | RZ,178 1 5728 1 RO.3B 11 R5,034 1 13541 1 R0O.38 31 40 1 {R3,064)1 45
iRoyalties ; RSO0 ¢ 5728 5 ROLO9 O RS00 § 3356 1 RO.O9 i 9B ¢ {R23)1 46
}Bad Debt. ! R3,986 1 5728 1 RO.7O ¢4 R3,986 ¢ 5694 1 RO.TO YD 961 (R19T)) 47
iTravel Locat | R5,659 1 5728 1 ROL99 10 R4,793 1 4841 1 RO.99 30 1121 R3B6 i 48
\Returns ! R3B,046 3 5728 1 Rb.64 11 R3T, 642 1 5067 1 Re.64 1D 107 0 RZ, 524 149
VINTIMARKETING 3 : ; " 4 i 0 ! 150
[SURPORT SERVICE! FR672,051 | §7280 ¢ RI1.73 1) R646,817 1 353142 0 RIL73 10 99 1 (R7,971)1 5

{ L2 3 4 5 4 7 § ?

INTERMEDIATE  ---- - w mmmmmmms e oo meceeeoo sesee amoseeee
' INPUT ! April ! Ppril 1 April 1 May y May 1 May 1IPRDDUC! Profit !
! Production | Current ! Tons ) Derivrd ji Current {Equiva. iConstant {iTIVITYiHovemenl iline
: Support iTotal Yalue! Unit PriceiTotal Yalue! Tone iUnit Priceilndex | iRet

Services - - - sm-s s - -

Smmmemmmm o mmm mmmmems mmmeceeo- i it Plmmmmee oo
iCoal VoORI9,765 ) 5T28 % R34S 1 RIB9B7 4 3503 0 RIAS T 991 (R199)G 54
‘Property Maint ' R7,123 1 9728 % RL.Z4 1% R7,861 1 4340 % RL.24 41 86 1 (R(,090}% 35
Fac. Maint. ' R3Z,B7%6 1 5728 % R9.23 i1 RA4,3B1 1 4757 1 RY.IT 4D 114 1 RS,BB2 1 56
Sterilization | R2,198 | 5728 { f0O.38 1 Ri,808 ¢ 4758 RO.38 M) 1{4 1 R28! 1 57
Hater ) R3,414 1 5728 1 RG.&G 1 k3,414 1 5690 1  RO.G0 it 96 1 (RIA9)I 5B
‘Assesment Rate | RI4,532 1 5728 ¢ R2.54 11 R14,5320 8720 1 R2.54 10 954 (R7IB)D 99
1Cleaning v R7,5A Y S7ZB 4 RLL3Z M R7,743 0 5Bh6 1 RLL32 41 93 %1 (RSTS)Y &0
i Insurance y R4S,324 1 5728 % R7.9L 11 RAS,3ZA ¢ 5730 1 ET.9Y N 1 (R2,239)1 6l
iLaboraty Exp. 1 R3,832 1 5728 1 RO.77 i1 RS,B65 1 7617 1 ROLTT I TL 1 (Ri,652)% 62
tFactory EXp. 1 RI,552 1 57284 RO.27 i1 R1,223 1 4330 1 RO.27 i 1201 R252 1 63~
Research \ RS,132 7 &728 7 R0O.90 R3,878 1 4309 1 RO.90 11 126 1 R{,000 | 64
Security ‘ i R7,124 + 5728 ©  RL.Z4 11 R7,189 1 5798 1 Ri.24 10 94 1 (RALTID 65
{INT: PRODUCTION 3 ! ! o | H h ; ' bb
VSUPPORT SERVICE! RI71,013 1 48736 1 R2.49 11 R162,205 ; 65143 ) R2.49 53 1001 R358 1 &7

Table 7.11: Extract from Productivity Statement: Int. Production Support Services.
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i 2 3 i ] b 7 g 9
INTERMEBIATE  —=mmemmmooe mmemeee s e - mmm mmmmem e
; IRPUT i April % April 1 April 1) Hay i Kay 1 May  {IPRODUC) Profit |
tAdministration | Current | Tons | Derived i} Current JEquiva. iConstant !ITIVITY!Movement !line
' Support iTotal Value! iUnit Price!Total Value! Tons }Unit Price!index ! iRef
BBFVILRS mmmmmmmmems mmmmmee s e e o ———— -- -
——————————————————————————————————————————— [ Bahekaskabatatet e ""'"""-_-—: :—_"'-""' e m—
thudit Fees ; k2,399 1 5728 1 RO.42 1) F2,399 1 5712 1 RO.42 1% 95 0 {RL119}5 70
iBank charges | f1,432 + 5728 7 RO.25 0 ki, 432+ 5728 1 RO.29 1) 95 | (R71}4 71
iComputer Expensi R7,545 1 5728+ RL33 1) R7,864 ¥ 5913 1 RL.33 &1 920 (RS9 72
iFines ' R3¢ ¢ 9728+ RO.O1 3 RO 3 041  Re.01 i k29 1 73
iGeneral i R1,325 + 5728 % R0O.23 Ri,654 ¢ 7191 1 RO.23 41 761  (R394}1 74
iLegal i Ri,743 7 5728 1 RO.3O R436 3 1520 1 RO30 Y 338 1 R1,Z201 1 7%
iLicences g Ra432 | 5728 |+ RO.0B 1) k342 1 42751 RO.08 1) 127 | R69 1 76
iPostage ! RS63 1 5728 1  RO.10 M Re34 1 6340 1 RO.LO 1 30 (RUD 7T
iPrint & Stat. | R6,754 + 5728 1 Ri.18 1 k6,209 ¢ 5262 1 Ri.IB 11 103 k211 1 78
iFegignal Serv. | R3,893 1 5728 1 RO.68 3! RE,743 1 69751 RO.68 11 73 1 (RI,042)1 79
i Telephone : R9,313 1 5728 1 RL.63 1 RB,935 1 5482 1 RL.63 10 991 {RR2)) 80
iTravel o/s i RG | boOR0L00 M fo i b ROL00 i )
VINT:ADRIN 8z

{SUFPGRT SERVICE 1971 (R914): 83

Table 7.12: Extract from Productivity Statement: Int. Admin. Support Services.

1 7 3 4 5 b 7 8 ]
i TOTAL i #pril ) April 4 fpril 1 Hay i HMay 1 May [iFRODUC} Profit !
i INTERMEDIATE | Current { Tons | Derivrd i} Current JEguiva. iConstant {1TIVITYiMovement iline
] INPUT iTotal Value! yUnit PriceiTotal Value! Tons iinit Pricellndex | 1Ref.

(INTERMEDIATE  IR1,192,939 1 229120 +  RS.20 1R1,123,993 © 217407 ©  RS.17 &1 100 1 R10,005 | 86
[N} [N) ]

{ 2 3 4 5 6 7 8 9
; TOTAL i fpril 0 fpril 1 fpril 1N May i MWay 1 May 1IFRODUCY Profit !
i IHPUT i Current | Tonz | Derivrd i} Current iEgquiva. iConstant 1iTIVITYIMovement iline
i iTotal Valuel init PriceiTotal Vatuei Tons iUnit Pricellndex | iRef.,

i TOTAL INPUT IR7,238,723 315040 R2Z.9 99 1(R35,805)) 88
IPROF.FROVISION § RID0,000 1 D728 § RZ6.19 11 R1Q,000 ! 382+ R26.19 43 ] 90
H PBT i R8Be,457 | 5728 | RI55.28 11 R510,527 1 3288 | Ri55.28 &) H P

Table 7.14: Extract from Productivity Statement: Total Input.
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TOTAL
bec Jan Feb ~ HMarch  April Hay

Gross Sales Yolume itonnes)

Nov

Oct

Froduct Group §
Product

848 1 904 3 808 | 6082 1

23
630 1

(V]
=~

636 1

622 |
6 b

680 1

81z |

v
3

1096
65 !
28 ¢
13120 |
TOTAL
5760 |
8627 !
781
15188 !
TOTAL
334
982 !
838 !

1
+
]
|

130 ]
1760 1
Kay
804 |
1258 3
109 &
2171
May
490
140
82 |

]
¥
1
1

783 !
181
1964 1
1006 !
1483 |
110
2600 !
495 3

B4

fpril
April

805 !
183 3
80 1
886 1
1568 |
114 3
6
464 3
82 1}

1888 1

March
March

393

701
1602
696 1
960
107 3

80 i

1

— o vt et =

Feb
Feb

'

V
)
t
'

30
124}
a1
1480 ¢
Jan
330
960

Jan '

590 1
12
387

476 1
§42 1
329

{
Dec

Gross Sales Yolume {tonnec!
Dec

30
H3 3
1562 |
960 3
360 1

b
Nov

496 1
144 3

1322 1

1537 1

Oct

Product Group 2. Gross Salec Yolume (tonnes)

Product

Product Group 3.
Froduct

}
i

Totali
Total

!
b

402 )

(3]

1325 1

1181 ]

1049 |

972 3

1024 1

!
1

1

{Total i
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APFPENDIX H

EFFICIENCY REFORTS

— DAILY

— WEEKLY
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