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ABSTRACT

Changes in productivity levels are increasingly recognised as
a major influence on a wide array of macro- and micro~economic
problems. Despite the importance attached to changes in productivity
amplitudes, a wide-spread confusion exists as to the definition, nature,
methods of measurement and effects of productivity adjustments,

At macro-level, there have been some outstanding efforts over
the years to define and quantify the mechanics of productivity. However,
there has been less activity at company level. Most of the literature
has been limited to developing partial labour productivity and to a
lesser extent machine utilization measures. These are totally inadeguate
as they reflect the joint effects of a variety of factors including
the substitution of one factor for another.

The object of this research is to clarify the definition, nature
and effects of productivity adjustments at company level. It examines
productivity measurement techniques and their applicability to companies
engaged in batch production. It also demonstrates some improvements to
the theoretical foundations of existing techniques and applies methods
not traditionally used for productivity assessments. Finally, it provides
detailed definitions and statistical techniques for measurement of
inputs and outputs of an enterprise.

The techniques used were "Total Factor", "Added value", "Productivity
Analysis", "Productivity Costing" and "Production Functions". These
were selected because they reflect conceptions closely related to
technological and engineering concepts of productivity.

The thesis initially examines the general concepts of evaluation
of effectiveness and productivity, A comprehensive literature survey
is provided in Chapter 4. From Chapters 5 to 13 we examine the theories
of the techniques mentioned above and demonstrate their applications
with the aid of two major industrial case studies. Manufacture in both
companies was organised along orthodox batch modes. In Company A,
production characteristics were close to "Flow Line"” while in Company B,
operations tended towards those of a "Jobbing" shop. Chapter 14 is
concerned with the statistical examination of the data collected.

The original contributions made by this study are:

(1) A comprehensive application of existing techniques to measurement
of productivity of batch producers.

(2) Augmentation of the theoretical foundatjon of these techniques.

(3) Provision of formal definitions and statistical techniques for the
measurement of heterogeneous outputs and inputs. Also, the introduction
of some unigque measurement techniques.

(4) Use of "Production Functions" for measurement of productivity at
plant level.

(5) Correlation and regression analysis of empirical data, which shows
total productivity to be a function of all partial productivities and
that it is a misconception to treat labour productivity as the sole
measure of efficiency of a company; and '

(6) Two comprehensive computer programs which simulate and optimise the
operations of a company in terms of its productivity performance.
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This study presents the results of the research conducted
in the measurement of productivity adjustments in complex:
batch production systems. The data for this empirical study
were collected from two major industrial companies engaged
in batch production. For the reason of confidentiality
these industrial enterprises are referred to as Company A and
Company B. |

1.1 The State of the Art

Changes in productivity levels are increasingly recognised
as a major influence on a wide array of macro and micro
economic problems. These include the national economic
growth rate, shares of domestic and foreign markets, higher
standards of living, improvements in the balance of payments,
inflation control, and leisure. Despite the importance |
attached to changes in productivity amplitudes, a wida-
spread confusion exists as to the definition, nature, methods
of measurement and effects of productivity adjustments.

The significance of productivity adjustments is evident
from statements made by politicians, economists, trade
unionists, etc., Indeed, productivity has now become an every-
day word. The elusiveness of the productivity éoucept is
amply demonstrated by the confused debate caused by the 1980
steel strike. Nobody seemed to agree on the true productivity
level of BSC, either in absolute terms or in relation to steel-
makers abroad. Productivity was the central issue in the
. recent BL wage negotiation (1981) and is at the heart of the
present dispute at British Rail. |

At the macro level there have been some outstanding
efforts over the years to define and gquantify the mechanics
of productivity. Institutions such as the United States'
National Bureau of Economic Research (Ref.,l), Bureau of
Labour Statistics (Ref.2), and OECD (Ref.3) have sponsored
and disseminated a great deal of research and investigation
into the changing levels of whole industries and economies.
Econometricians in particular have developed sophisticated
models of 'production functions' (Ref.4,5,6) which describe
the workings of broad industrial sectors.




The measure typically used, at macro level, is the ratio

of Gross National Product to Total BHours Worked by all

emploved persons. Company economists have found global prod-
uctivity estimates useful as a major background element in
projecting the growth of total national product and the
markets for the products of the individual firms. However,

. these productivity measures do not have any other implication

ag far as individual companies are concerned.

At company (micro) level, although interest has increased
in recent years, management has been slow to institute measures.
of company productivity performance for the entire emterprise,
plant, division or product. Most of the literature has been
limited to developing improved labour productivity measures
{using detailed work study procedures). The reasons for
prominence of labour productivity are:

{1} The widely held view (see Chapter 10) that at the
firm level, labour represents a large part of the total cost
of production.

(2) It is the most readily changed input and therefore
more capable of appreciably reducing costs.

(3) The labour inputs are measured more easily than
certain other factors, such as capital.

{(4) It is central in many wage negotiations, with or
without the support of government pressures to link wage
settlements to productivity.

The other type of productivity indexes employed
frequently at company level are concerned with assessments of
machine utilization. An excellent example of this approach
can be found in Dudley (Ref.7) and Lorenz (Ref.8),.

Nevertheless, there have been some valuable developments
in recent years. The productivity analysis procedure devel-
oped by Gold (Ref.%) and demonstrated in some detail by
Eilon et al (Ref.l0) is an important step in this direction,
Gold argues, very convincingly, that a network of productivity
relationships is required as a framework for understanding
total company performance. He proposes an interlocking hiex-

archy of cost structures and managerial control ratios.
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Eilon et al describe the results of applying this philosophy
in two British process production plants (steel-making and
oxygen-making} .

Another important contribution is the "productivity
costing"” method developed by Martin and described in a number
of publications, including Bahiri and Martin (Ref.1ll).
Productivity costing is a method which allocates operating
costs to each of the system's potentially broductive facilit-
ies (whether personnel or equipment) in proportion to their
potential productiveness, as measured in productive asset
values. The main productivity measurement indexes which are
derived from this method are claimed to be universally appli-
cable to all types bf industrial/commercial organiizations.

Kendrick et al (Ref.l2) and Craig et al (Ref.1l3)
suggested the 'total factor productivity' model. These models
attempt to build a theoretical framework for firm-level prod-
uctivity measurement: a framework particularly suitable for
supporting the corporate management decision making process.

Throughout the 1970's there seemed to be a rising tide
of enthusiasm for the use of the added value concept as a
measure of company productivity. Accountants, in particular,
advocated the approach (for example Beattie (Ref.14)). 1In
Britain there was a marked increase in productivity deals
based on added value (see Ghobadian (Ref.15)). Apart from
accountants, others (e.g. Taylor and Davis (Ref.1l6)) also
suggest firm-level productivity measures based on the added
value concept.

But why measure productivity when the accepted ultimate
measure of management success is, of course, the bottom line
on the profit and loss statement? A favourable trend of net
income and rate of return on capital relative to similar
companies, and to business generally, is the orthodox final
goal and measure of management. However, the return on
capital and other financial ratios based on analysis of the
profit and loss account and balance sheet do not provide
information concerning the efficiency of converting the in-
puts to outputs, so vital for internal control.  Furthermore,




rate of return on capital can be affected by.market forces

such as favourable shifts in demand, selling price fluctuations

and special purchasing economies.. This measure can cause &
good profit picture to obscure a basic loss of efficiency in
the short run. Also, earnings statements are based primarily
on current values, but depreciation is not in current values.
Likewise, balance sheets include many items purchased by the
company in earlier years af historical costs.

As well as their responsibilities towards shareholders,
management are responsible for adjustments in the level and
composition of the physical inputs and outputs through which
financial inflows are converted into larger financial‘returns,_
hence the need for measuring the efficiency of this conversion
process. This is only possible when real output is related to
total inputs of a firm; in fact productivity ratios provide
management with operating criteria through which they can
control the conversion process. | '

1.2 The Objectives of the Study

It was against the background discussed in the previous
section that the author approached the problem of measuring
productivity in batch manufacturing firms.

From the initial steps it was evident that, widely used
concepts of productivity (i.e. pértial labour productivity
and machine utilization indexes) are inadequate because they
fail to distinguish between actual gains in productivity and
effects of substituting one input factor for another and
observing apparent changes in productivity of the substituted
factor.

Furthermore, close analysis of batch production character-
istics revealed that the usefulness of any particular measure
for a given unit is a function of the specific purpose for
which it is constructed, of the nature of the business in
which the unit is involved, and the constraints under which
the unit exists by virtue of its operation within a decentral-
ized organization rather than independently. Taking the
specific evaluative purpose and the specific operational
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activities into account ensures the relevance of the selected
measure; regard for the constraints ensures that it will dis-
tinguish the variables which are definitely under the control
of the manager in charge from those subject to decision by
others. '

Rejecting the widely held concepts of the productivity
adjustments, our first concern was to clarify the definition
of productivity. The most pervasivé concepts of productivity

asgociates it closely with the technological and engineering
- concepts of efficiency. The technological concept of product=-
ivity is concerned with changes in the level of cutput derived
from a given volume of inputs. The engineers define efficiency

as "the ratio of actual output to potential output”.

Once the definition of productivity was clarified the
focus of the study was shifted to (i) examining the nature
and effects of productivity adjustments at company level,
(ii) construction of theoretical frameworks for firm-level
(primarily batch producers) productivity.: measurement,

(iii) examination and augmentation of statistical techniques
useful in measurement of diverse inputs and outputs of a firm,
(iv) determination of the extent of the information gap in
existence between the data required in productivity measure-
ments and those available from existing information systems

of batch production companies, (v) examination of selected
productivity measurement technigues and their applicability

to companies engaged in batch production.

1 The objectives of this research can be stated as follows:

(1} to clarify the definition of productivity;

(2) to examine the nature and effects of productivity
adjusﬁments at company level;

(3) to construct objective theoretical frameworks for
firm level productivity measurement;

(4) to examine and develop more effective statistical
techniques for measurement of diverse inputs and
outputs;

(5) to examine the availability of the required data

- from the existing information system;




(6) to examine the applicability of selected productivity
measurément techniques to batch production companies;
(7) to examine the usefulness of these measures in:
(a) appraising alternative means of changing
productivity; '
| ‘ : (b} appraising managerial alternatives in the
! : application of such inovations;
and (c) determing the effects of past as well as
prospective innovations.

1.3 The Methodeology of the Research

To meet the objectives outlined in the previous section
the research efforts were divided into seven distinct cate-
goxies. These vere:

(1) A comprehensive literature survey to identify the
most accepted definitions of productivity and current measure-
ment techniques.

(2) Construction of theoretical frameworks and identi-
fication of measurement techniques closely related to the
most pervasive definitions of productivity.

{3) Organization of frameworks for collecting data,
derived from the models chosen for productivity assessment.

{4) Identification and arranging access to confidential
data of major batch production companies.

(3) Data collection.
(6) Analysis and evaluation of the data collected.

{7) Construction of computer programs capable of simul-
ating and optimizing the operation of a company, based on
seleécted productivity assessment techniques.

The various aspects of the research listed above were not
mutually exclusive events. There were feedbacks between the
abstract (items 1 to 3) and empirical (items 4 to 7) aspects

of the research.

The abstract component of the research is self explanat-
ory. However, the empirical component of the research merlts

explanation.




As most social scientists are aware, gaining access to
coﬁpanies particularly when the researcher requires to examine
financial information is exfremely difficult. Fortunately,
by convineing the host companies that the research would be
beneficial to them, that it was not to examine the management

‘records or tell managers how to run their business, and by

guaranteeing absolute confidentiality! I was able to gain-
access to apply the selected measurement techniques in two
major batch manufacturing companies. At this stage, because
of the wide variation in the operating characteristics of
batch manufacturing enterprises, I was concerned so as to
choose companies representing both ends of the operating
scale. The two extreme ends may be seen as "Jobbing" shop
and "flow line".

The data collection exercise was carried out so as to
have a minimal effect on the environment. The reason for
this was the reliance of the author on the goodwill of the .
host company's employees. Experience taught the author that
a low profile enhances the goddwill and a brisk manner
diminishes it.

The author did not confine himgelf to the data-collection
and analysis. Attempts were made to interpret and comment on
the results of the analysis with the help of host cempany's
management. The thesis, however, makes a clear distinction
between facts and opinion, so that anyone wishing to examine
the facts on their own, without having to accept the analysis
and conclusions of the original researcher; is able to do
sO.

. Empirical research, relying on cbservation and experiment,
is the traditional methodology employed by scientists, How-~
ever, because the industrial enterprise interacts with the
outsidé world and is constantly subjected to the impact of
many exogenous variables, controlled experiments as understood
by scientists are difficult, often impossible, to conduct.

In the case of industrial enterprises, experiments under
laboratory conditions are replaced by simulations, pilot

plants and market trials. Simulations allow for assessing



the impact of changes in operating factors on the system,

- comparison of performance under alternative conditions and

determination of their preferred values. Two computer pro-
grams were devised with these objectives in mind.

1.4 2An OQOutline of the Thesis

| The thesis ;onéists of fifteen chapters and two appendices.
Becéuse of the lérge number 6fffeferences a list is provided
at the end of each chapter. Also, a list of references -
arranged in alphbetic order is supplied at the end of the
thesis. - Bibliography of relevant literature is provided

- making the thesis a comprehensive source of reference on

published work concerned with various facets of productivity.

Chapter 2 of the thesis deals with the nature, purpose
and models available for evaluating organizational effective-
ness and the role of productivity assessments with respect to
these. The definitions, nature, concepts, requirements,
levels, difficulties and uses of productivity assessments are
discussed in Chapter 3. A comprehensive literature survey
was carried out by the author. The results of the survey are
presented in Chapter 4. From Chapter 5 to 13 the main results

' of the research are presented. Five measurement technigues

“Total Factor", "Added Value", "Productivity Analysis",
"Productivity Costing"” and "Production Functions™ were used.
Chapter 5 deals with the theoretical background of the "Total
Factor" productivity technique. While the results of appli-

cation of the technique are presented in Chapter 6. The

theoretical aspects of the "Added Value" productivity measure-.
ments are discussed in Chapter 7 and the results of the appli-
cation of the technique in the two host companies are
presented in Chapter 8. Chapter 9 outlines the theocretical
and empirical framework of the "Productivity Analysis". The
simulation program based on this technique is alsozdescribed.
The results of the applicatioh of this analytical framework

is presented in Chapter 10. Chapter 1l describes the theoret-
ical aspects of the "Productivity Costing" model, the program
is devised to carry out the analysis and optimize the operation
of the system using linear programming techniques, and the
result of application of the procedure in Company A. ' The




theoretical and methods of Computétion of frontier and
Cobb=-Douglas producticon functions are presented in Chapter
12. The applicability of these techniques'is demonstrated in
Chapter 13. Chapter 14 deals with the statistical analysis
of the data collected or computed from the two host companies
using correlation and regression techniques.

Conclusions are provided at the end of Chapters 2, 3, 4;
6, 8, 10, 11, 13 and 14. A summary conclusion_dealing with
the more universal aspects of the research is presentéd in
Chapter 15. Appendix I shows the listing of the program
devised for carrying out the "Productivity Analysis" and
simulating the system represented by this model. The listing
of the program devised to apply the "Productivity Costing" and
the optimization of the systems dperations represented by
this model, is presented in Appendix IT,.

1.5 Original Contributions of the Research

This research represents an original effort to measure
comprehensively the mechanisms of productivity at firm level
in a batch manufacturing environment. Previous studies by
Lee (Ref.18) and Eilon et al (Ref.l0) had shortcomings. The
study conducted by Lee lacks the dimension, extent and details
of the present study. Eilon et al dealt with industrial
circumstances, which involve dimensions of productivity most
closely allied with process type manufacture i.e. British
Oxygen and British Steel plants. The study also concentrated
only on application of the "Productivity Analysis" technique.

The detailed application of the five techniques outlined
in the previous section and analysis of the problems of
measuring the trends in complex batch production systems are
of great significance since batch manufacturing companies
constitute over 70% of all UK manufacturers (Williamson, Ref.
17) .

The contribution of the research is not restricted to
the application of suggested models. The theoretical found-
ations of the techniques are augmented so as to strengthen
their frameworks and make them more appropriate for appli-
cation to a batch manufacturing environment,
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The thesis.provides formal definitions and statistical
ﬁechniques for the measurements of heterogeneous cutputs and
inputs. The applicability of these are examined in a batch
production environment. The effect of index number formulat-
ions, choice of the base year, .double deflation are also

‘investigated. - The author introduces a unique measgurement

method based on multiple regression technique; for assessment
of companies output. This removes the dependability of the

‘output measure on batch changes. The technigque is extendable

to measurement of material and labour inputs. Also, a
unique measurement technique is suggested for assessment of
capacity.

The correlation and regression analysis of the data is a
further original contribution. The analysis shows clearly
that total factor productivity is a function of wvarious

| partial productivity measures. Also, the analysis identifies-

the financial factors correlating with various productivity

measures.

The two computer programs devised are original. These
can be added to financial packages used frequently by many
companies. Undoubtedly they would increase the usefulness of
such packages because they provide the possibility of simul-
ating and optimizing the systems operations,

The original contributions made by this study can
therefore be summarised as follows:

(1) A comprehensive application of existing techniques to
measurement of productivity of batch producers.

(2) Augmentation of the theoretical foundation of these
techniques.

(3) Provision of formal definitions and statistical tech-
niques for the measurement of heterogeneous outputs and
inputs. Also, the introduction of some unique measurement
techniques.

(4) Use of "Production Functions“ for measurement of product~

ivity at plant level.
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(8) Correlation and regression analysis of empirical data,
which shows total productivity to be a function of all partial-
productivities and that it is a misconception to treat labour
productivity as the sole measure of efficiency of a company.

(6) Two comprehensive computer programs which simulate and
optimize the operations of a company in terms of its product-
ivity performance.
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2;1 Introduction

In this chapter we briefly discuss the nature and purpose
of an organization. The function of a manufacturing organi-
zation is discussed in Section 2.3. We then briefly look at
models available for evaluating organizational effectiveness
and the appropriateness of each model to a particular circum—
étanceﬂ' The relationships between productivity measurement
and models suggested for evaluating organizational effective-
ness is discussed in Section 2.6.

The term organization applies to a wide array of situations.
However, in this chapter organization is used synonymously with
manufacturing enterprise.

2.2 Nature and Purpose ¢f Organization

In order to accomplish goals, carry out plans and make it
possible for people to work effectively, activities must be
grouped logically and grants of authority must be made so that
conflicts and other frictionms do not arise. Koontz and
O'Donnell (1) define organization as "the grouping of
activities necessary to accomplish goals and plans, the assign-
ment of these activities to appropriate departments, and the
provision for authority delegation and coordination”. '

O'Shaughnessy (2) identified three approaches to the
theory of organization. These were: Classicél, Human Relations
and Systems. The three cover aspects of organization which
cannot be ignored though they emphasise factors which sometimes
pull in opposite directions. Fig.2.l illustrates the factors
influencing these approaches.

Because of the complexity of an organizétion,'there is no
single and universally acceptable measure of organizational
effectiveness. In Section 2.4 we review the underlying con-
ceptual frameworks of the range of the criteria associated
with the concept of organizational effectiveness.

2.3 Operations of a Manufacturing Organization

The term organization applies to a wide array of activities.
However, in this thesis we are concerned with manufacturing
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organizations. Fig.2.2 is a compact representation of
activities undexrtaken by manufacturing organizations. These
can be divided into Ex-Ante and Ex-Post processes.

(i} Ex-~Ante Process

Once the general goal, i.e. manufacture of goods is
established, an appropriate organization has to be set up to
meet this objective. .Original funds are raised based on
demand forecasting and the fund invested in various items
such as capital assets, employment of labour, purchase of .
raw materials and parts, and possibly research and development,
which are the inputs necessary to initiate preduction.

(ii) Ex~Post Process

Through the process of production input resources are
pulled together to produce saleable products. Goods produced
are sold in the market place, converting the input resources
to financial outputs. Sale of goods is affected by the
quality and price of goods as well as the ability of the
organization to market its merchandise.

As is evident from Fig.2.2, the production process is
the most basic activity in the manufacturing firm. However,
production is dependent upon activities performed before and
after the transformation process. Hence, the effectiveness
of the production process is directly related to these.

Apart from the functions shown in Fig.2.2, the success of
a manufacturing organization depends on its ability to set
rational goals, to harmonize the operations of each of its
sub-systems, to set up a chain of commands, to motivate its
workforce, to identify with the environment in which it
operates, and society as a whole, etc.

Drucker (3) argues that cbjectives are needed in every
area where performance and results directly and vitally affect
the survival and prosperity of the enterprise. He identifies
eight areas in which objectives of performance and results
have to be set. These are: market standing, innovation,
productivity of physical and financial resources, profitability,
manager performance and development, worker performance and

attitude, and publié responsibility.
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In the ensuing sections we refer to a manufacturing
organization simply as oranization. However, the arguments
put forward to a great extent encompass all organizations.

- 2.4 Approaches to Organizational Effectiveness

Because of the complex nature of an organization assess-
ment of effectiveness encompasses a range of evaluation
possibilities. There are no generally accepted conceptual-
isations prescribing the best criteria. Different organi-
zational situations - pertaining to the performance of the
organization's structure, the performance of the organization's
human resources, and the impact of the organization's
activities require different criteria.

Cunningham (4) identifies seven approaches to evaluating
the effectiveness of an organization. These are described
briefly in the following subsections.

2.4.1 Rational goal model’

The rational goal approach focuses on the organization's
ability to achieve its goals. Evaluation criteria are derived
from a definition of goals the organization is expected to
achieve (Ref.5,6). These criteria are determined by various
factors (Ref.7).

The basis of the rational goai approach is the Weberian
concept of functional rationality (8). According to Weber,
modern organizations are characterised by networks of roles;
divisions of labour; and hierarchies defining the relation-
ship of each activity, project, program and function to the
overall goals of the organization. In this scheme, an organi-
zation is rational if the above elements are organized for
the achievement of its goals. When a series of actions is
effectively organized to achieve a goal, every element has a.
defined role or function that is related.

An organization's goals are identified by establishing
the general goal, discovering means or objectives for its
accomplishment and defining a set of activities for each
objective. The organization is evaluated by comparing the
activities accomplished with those planned for. The process
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is valuable in defining the organization's accomplishments
or achievements relative to specific activities, objectives
and goals.

2.4.2 The systems resource model

The organization, according to proponents of this

- approach, strives to survive and satisfy the needs of its
components (Ref.9). In this context needs refer to the re-
quirements that sub-systems must meet in order to survive.
These sub-systems needs may be classified as:

(1) Bargaining position - ability of the organization to
exploit its environment in acquisition of scarce and valued
resources; _ .

(2) Ability of the system's decision-makers to perceive and
correctly interpret, the real properties of the external en-
vironment;

(3) Ability of the system to produce a certain specified
outpus;

(4) Maintenance of internal day~to~day activities;

(5) Ability of the organization to co-ordinate relationships
among the various sub-systems;

{(6) Ability of the organization to respond to feedback
regarding its effectiveness in the environment;

(7) Ability of the organization to evaluate the effect of
its decisions; |

(8) Ability of the organization's systems to accomplish its
goals. '

The effectiveness of the organization in satisfying
these systems needs hinges on a combination of two measures:

(1) Efficiency: an indication of the organization's ability

to use its resources in responding to the most important syb-
system's needs, and

(2) Stress: the tension produced by the system in fulfilling
or not fulfilling its needs.

The value of resources to the decision-maker is derived
from their utility as (more or less) generalised means for
sub-systems needs rather than from theilr attachment to some
organizational goal, (Ref.4).
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2.4.3 The managerial process model -

The managerial process model evaluates an organization's
effectiveness by its ability to perform effectively certain
managerial functions - decision making, planning, budgeting
“and the like. The model assumes that goals are met and set
as a result of the effectiveness of the various management
processeé (Ref.10}). Thus, the model provides a measure of
the capability or productivity of the ﬁanagerial processes
for attaining goals. Productivity becomes a yardstick of
the organization's accomplishments within specified maﬂagerial
processes.

The managerial process model is based on the intuitive
concept of substantial rationality, which inter-relates the
drives, impulses, wishes, feelings, needs and values of the
individuals to the functional goals of the organization (Ref.
10). An organization can be considered rational when its
varicus processes and patterns enhance the individual's
productivity and capability to respond to the goals of the
organization.

2.4.4 The organizational development model

The organizational development (OD) model sees effective-
ness in terms of the organization's problem - solving and
renewal capabilities (Ref.ll). The model focuses on develop-
ing management practices to foster:

(1} Supervisory behaviour manifesting interest and concern
for workers.

(2] Team spirit, group loyalty and teamwork among workers
and between workers and management.

{31 Confidence, trust and communication between workers and
management. '

(4) More freedom for employees to set their own objectives.

Using knowledge and techniques from the behaviourial
sctences, this model attempts to integrate organizational
~goals with individual needs for growth. The purpose is to

design a more effective and functioﬁing organization in
which the potential of each member is fully realised. 1In
short, it fosters a "development" approach.
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2.4.5  The bargaining model

The bargaining model conceives of an organization in
terms of exchanges and transactions of individuals and
groups pursuing a diversity of goals (Ref.l12).

The procedure for measurement involves identifying
decision-makers' allocation of resources towards their
objectives. A high degree of co-operation occurs if they
pool their resources, through bargaining, to'respond to
established priorities. This is based on the assumption
that a sub~system should be able to obtain a higher pay~off
by co—-operating than by acting alone. The organization's
bargaining capability is the ratio of its actual results
through co-operation to its oOptimal results if each player
acted alone. '

2.4.68  The structural functional model

The structural functional approach attempts to under-
stand the structural patterns developed by the organization

' to maintain itself and grow (Ref.13}. An organization's

effectiveness is enhanced by its ability to develop
structures - alliances, traditions, doctrines, contracts,
commitments and mechanisms of participation. Without this
ability it will deteriorate.

‘ACCOrding to this model, all systems need maintenance
and- continuity. The following aspects define this:

(1} Security of the organization as a whole in relation to
the social forces in its environment. This relates to the
systém‘s ability to forestall threatened aggressions or
deleterious consequences from the actions of others.

(2}, Stability of lines of authority and communication.
This refers to the continued capacity of leadership to
control and have access to individuals in the system.

(31 Stability of informal relations within the ofganization.
This develops effective mechanisms for individuals and sub-

groups to adjust teo each other.
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(4) Continuity of policy-making. This pertains to the
ability to re-examine policy on a continuing basis.

(5) Homogeneity of outlook. This refers to the ability to
effectively orient members to organization norms and beliefs.

The system, in responding to these needs, develops
mechanisms for protecting and securing itself, Such struct-
ural formulations as "concern for people” and "community
input™ may emerge as defence mechanisms, but remain as
doctrine when specified in administrative procedure.

The structural functional model is implemented by de-
fining the organizational structures which evolve as the
system maintains itself and stabilises its relationships
with its environment. -

2.4.7 The functiocnal model

In the functional approach an organization's effective-
ness is determined by the social consequences of its
activities (Ref.14,15). The frame of reference for this
assessment is not the organizatidn structure itself, but
how its activities benefit society.

The crucial gquestion to be answered is: how well do the
organtzation's activities serve the needs of its client
groups?

With this approach, every system must define its
purpose for being (goal attainment), determine resources to
achieve its goals (adaptation}), establish a means for co-
ordinating its efforts (integration), and reduce the strains
and tensions in its environment (pattern maintenance).

2.5 Selecting an Appropriate Evaluation Approach
The seven models described have their strengths and

shortcomings depending uwpon the organizational situation
bheing evaluated. |

The choice of evaluation approach usually hinges on the

organizational situwation that needs to be addressed., Specific
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situations pertain to the performancé‘of the organization's
structure, the performance of individuals in certain admini-
striative and organizational positions, and the impact of

the organization on the surrounding environment.

2,5.,1 Evaluating the performance of organizational structures

The rational goal and the systems resource models pro-
vide information on the overall effectiveness of the organi-
zation's structure. This includes information.on its
progress in reaching its goals as well as on the decision-
makers efficiency in allocating and utilising resources to
fulfill systems needs.

Each model has characteristic strengths and weaknesses.
On the positive side, the rational goal model gives feed-
back about the organization's effectiveness in achieving
its goals., It focuses attention on the systematic relation=-
ship of each activity, role and function to the overall
goals and ovijectives of ﬁhe organization. The systems re-
source model is also useful in evaluating effectiveness,
But effecetiveness in goal attainment is only one of the
requirements or needs the organization seeks to accomplish;
other activities relate to survival - maintenance, evaluation,
feedback, etc.

Each model has shortcomings. The rational goal model's
results frequéntly show that organizations do not reach
their goals effectively. The reason for this is that goals
represent the targets of given people at given time, while
organizations tend to be less consistent and perfect than
theilr cultural anticipations.(Ref.lO). Another problem lies
with the difficulty in identifying the ultimate goals of the
organization. '

The main difficulty with the systems resource model is
in establishing unambiguous and acceptable criteria for
measuring efficiency. The emphasis on efficiency may pro-
duce stress (10). Individuals are likely to feel anxious
when they cannot achieve the efficiency they demand of them-

selves or that is demanded of them by their occupational
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roles (Ref,16). Over~ or under-emphasis on efficiency may
create feelings of frustration, resentment and anxiety (11).

2.5.2  Evaluating the performance of the organization's
~human resources -

- The managerial process and OD models assess the be-
haviour of individuals in the organization. They provide
information on administrative capabilities, productivity,
values, beliefs, organizational norms and habits, mannerisms,
job satisfaction and motivation. This information creates
the focal point for developing people's competence to per-
form administrative processes, and to be more responsive

to the needs of other individuals and the organization as a
whole,

Both models are directed toward the informal organi-
zation and assume that its improvement will result in a
more effective organization. The managerial process model
provides information on how individuals in the organization
judge the usefulness of the various managerial processes in
achieving goals and objectives. The OD model-in generating
information about feelings, interpersonal communication,
trust and openness-attempts to construct an organization in
line with the interests and desires of the individuals in
it, ITts major strength is in developing a self-renewing,
selfﬂcorrectihg quality in people who learn to organize
themselves in a variety of ways to do the work they have to
do.

A problem of both models is that, however well-
Intentioned people are, they may be reluctant to accept the
interpersonal feedback supplied by the models., Administrative
improvement and OD thrive on developing skills in communi=-
cation, leadership, problem=solving, openness, expression
of what one feels and thinks, and acceptance and understanding
of all organizational members. If the programme is under-
taken in an organization not ready for it, then it might
have the serious consequence of polarising organizational
members.
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The functional, structural functional, and bargaining
medels rely on information to analyse the relationship of
the organization with its surrounding environment. The
models analyse distribution of resources among key decision
makers, impact of the organization's activities on key
client groups, power alliances in the execution of key _
decisions, and the type of emerging administrative structures
as the organization buffers itself from the environment.

The common basis for all three models is the assumption
that an organization is effective i1f it appropriately serves
its defined needs. In this context, needs refer to require-
ments the organization has to meet in order to relate
effectively to other parts of the_organizational system.

The functional approach sheds light on organization's

ability to meet the needs of key client groups in its environ-
ment. It pinpoints the functions it should carry out to
facilitiate realisation of its goals. The structural
functional approach is useful in detecting how organizational
structures develop in response to the needs for their survival.
Attention is focussed on the structural conditions - bureau-
cratic and administrative reqguirements - influencing
organizational behaviour and functioning. The bargaining
model, in assessing the capacity of existing resources to
achieve organizational goals through alliances or coalitions,
should include the co-operation or antagonism taking place
between them. The model's strength lies in its use as a
policy device for identifying individuals and groups who
should be using their resources to achieve goals,

The major limitation of these three models is their
emphasis on very sepcific aspects of the organization's
effectiveness. The functional approach analyses the impact
of the organization's goal activities on key audiences; the
structural functional approach views how organization
structure develops in responding to the environment; the

bargaining model detects how decision-makers use the
erganization's scarce resources. While each analysis points
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to a relevant aspect of the organization's functioning,
there is nothing £0 suggest that improvements in these
transactions will result in correspondingly greater product-
ivity. Nevertheless, the models yield valuable insight into
an organizaﬁion's interaction with its environment.

Each model's conceptual framework is based on certain
unfounded'assumptions of organizational effectiveness.
Functional theory states that at organization's effective-
ness is based on four related activities - goal attainment,
integration, adaptation and pattern maintenance. Structural
functionalism is equally limited in attributing a system's
survival to its ability to satisfy five needs: security of
the organization in relation to the environment, stability
of lines of authority and communications, stability of
informal relations in the organization, continuity of
policy-making and homogeneity of outlook. The bargaining
model defines effectiveness by the decision maker's ability
to utilize resources for specific goals.

\

|

\

1

1

2.6  Productivity and Evaluation of Organizational Effective- !

ness \
In this section we examine the role of productivity ‘

measurement in evaluating the organizational effectiveness, |

based on the models described in Section 2.4. Productivity 1

ts defined in Chapter 3, and for the present we assume it to \

be simply a ratio of some measure of output to some or all ‘

inputs. ' ‘
The rational goal model attempts to measure the

effectiveness of an organization according to its ability

to achieve its goals. Drucker (3) argues convincingly that

any enterprise requires multiple cbjectives. He identified

eight areas which objectives have to be set. These were

listed in Section 2.3. The core of a manufacturing organi-

zation is the production activity. Productivity in this

context could be used for setting goals and assessing the

structural effectiveness of a manufacturing organization,

in terms of achieving efficient production (physical
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productivity and by implication financial productivity of
resources), managers performance, and workers performance.
Also, indirectly prbductivity could be thought as a measure
of market standing (high productivity should mean low unit
prices, one of the requirements of the market place, also,
high productivity reflects to some extentithe marketing

- ability of the organization), and profitability (in
Chapter 14 we show that productivity is highly correlated
with profitability in normal circumstances).

The system resources model perceives an organisation
in terms of a set of sub-systems. These sub-systems in the
context of a maﬁufacturing organization could be thought of
as purchasing, marketing, accounting, production (a number
of sub-systems could exist depending on the size and pro-
duction organization), technical, etc. Productivity could
be used as a measure of effectiveness with respect to the
following sub-systems needs: '

(1) Bargaining position = ability of the organization to
exploit its environment in acquisition of scarce and valued
resources, in this context productivity could be thought as
a measure of sub-systems success in buying better quality
and lower price material; keeping the wage rate down, etc.,
etc,

(2) Ability of the system's decision makers to perceive
and correctly interpret, the real properties of the ex-
ternal environment.

(3] Ability of the system to produce a certain specified
output. '

(4) Maintenance of day to day activities, in this context
for example labour productivity provides a valuable guide.

(5] Ability of the organization to co-ordinate velation-
ships among various sub-systems, in this context as production
sub-system is dependent upon purchasing and marketing sub-
systems etc. (see Fig.2.2) high productivity means a closely
co~ordinated operation.

(6} Ability of the organization to respond to feedback
regarding its effectiveness in the environment.
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(7) Ability of the organization to evaluate the effect of
its decisions; for examples of use of productivity in this
respect, See Chapter 10.

(8) Ability of the organization's systems to accomplish
its goal, in this context productivity provides valuable
information with regard to the ability of productive sub-
systems to achieve their goals (see Chapters 10 and 11).

The managerial process model advocates that organi-
zational effectiveness could be best assessed by determining
the efficiency of managers in carrying out their tasks.
Fayol (18) whose theory is widely accepted, defined the
function of management as comprising of five elemeﬁts:

(1) To forecast and plan: {examining the future and drawing
up the plan of action).

(2) To organize: building up the structure, material and
human resources, of the undertaking.

{3) To command: maintaining activity among the personnel.

(4) To co=~ordinate: building together, unifying and harmon-
iging all activity and effort.

(5) To control: seeing that everything occurs in conformity
with established role and expressed command.

Productivity measures provide managers with an effect-
ive planning and forecasting tool (see Chapter 10) in
regard to a wide array of operating factors. It also
provides a method (but not unigue) of assessing the effect-
iveness of managers to organize, command, co-ordinate and
control,

Productivity could also provide an indirect measure for
assessing effectiveness when employing "The organizational
development model”™. All four areas specified by this model
(see Section 2.4,4) for attention would have a profound

effect on productivity.

In the functional approach an organization's effective-
ness is determined by the social consequences of its
activities. In this respect an area of contribution is the




- 29 -

ability of the firm to add to the national wealth., This is

measured by the value added within an organizatidn. Con=~

sequently, productivity could be though as one of the

measures in assessing the social conseguences of an organi-

zation's activities (for more detail see Chapters 7 and 8). - |
|

2.7 Conclusion

The selection of aniapproach for evaluating organizational
effectiveness depends on the information the decision maker
requires. Table 2.1 provides a summary of each approach.

Each model provides unique information about the organi-
zation: )

(1) The ratidnal goal approach evaluates the organization's
abitlity to achieve its goals. '

(2) The systems resource model analyses the decision maker's
capability to efficiently distribute resources among various
sub-system's needs.

(3) The managerial process model assesses the capability
and productivity of various managerial processes-decision
making, planning, etc. for performing goal-related tasks.

(4) The organizational development model appraises the
organization's ability to work as a team and to fit the
needs of its members.

(5) The bargaining model measures the ability of decision-

|
|
|
|
|
makers to obtain and use resources for responding to problems
important to them. |

\

(6) The structural functional approach tests the durability

and flexibility of the organization's structure for responding

to a diversity of situations and events. ' ‘
|

(7) The functilonal approach relates the usefulness of the

organization's activities to its client groups.

In order to employ any of the above models, the analyst
requires practical methods for measuring and analysing the

appropriate data.




Productivity measurement provides the necessary analytical
tool with respect to the "rational goal model", "system
resource model”, and "managerial process model”. To a
lesser extent it also provides a means of assessment in the

"organizational development model"” and "functional model".
The extent of usefulness of productivity analysis in assess-
ing the effectiveness of an organization according to the |
models described is shown in Table 2.1,




31

TASLE 2.1

SUMMARY OF ORGANIZATIONAL EFFECTIVENESS APPRCACYHES
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3.1 Introduction.

In this chapter we review prbductivity‘measurement con-
cepts. The chapter starts by arguing theneed for development
of comprehensive productivity measures at company level.

We logk at the definition of productivity, the nature of
productivity adjustments and requirements of a measurement
system.

Within a manufacturing organization, three levels of
measurement are identified: "Manufacturing System", "Prod-
uction System" and "Boand of Companies”". The appropriateness
of various measures is discussed in Section 3.7 for each of
these levels. We also briefly discuss the likély measuremant
problems, as well as the potential uses of productivity
measures. Finally, current company practices as regards the
measurement of productivity, are reviewed.

3.2 The Need for Sound Productivity Measures at Company'Level

Productivity has now become an everyday word, Politicians
and economists are concerned with productivity because they
feel its movement is integrally related to the nation's
economic health. Changes in productivity levels are being
increasingly recognised as a major influence on a wide range
of social and economic considerations, such as rapid growth;
higher standards of living; imporvements in balance of pay-

‘ments; inflation control; leisure; and foreign competition.

The importance attached to improvements in productivity is
reflected in the recent setting up of a Select Committee
charged with determining the causes of low productivity in
this country. ‘

At company level also, changes in productivity amplitudes
are increasingly recognised as a major influence on a wide
range of managerial prdblems, tncluding wage levels; cost-
price relationships; capital investment requirements; labour
utilization and éven competitive standing. The present in-
Sistence of British Leyland (Oct.l1981l) that any pay rise
above 3.8 per cent should be linkéd to productivity increases
and comparison of its productivity with foreign competitors
by management and trade unions alike, amply demonstrates the
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validity of the above statements. The very importance of
these problems however, emphasises the seriousness of

- continned widespread misunderstanding of the definition,

nature and effects of productivity adjustments and lack
of definitive theoretical work on measurement of micro-
level productivity.

‘Ameong the most widely prevailing elements of the
mythology relating to productivity, the. following foux
may be most important:-

(1} that productivity measures reflect changes in the
"efficiency" of production;

(2) that changes in productivity are feasonably well
measured by output per man-~hour;

(3) that increases in output per man-hour are invariably
desirable because they yvield decreases in unit costs,
and '

(4) that increases in output per man-hour warrant parallel
increases in wages per man-hour.

And yet not one of these contentions can be sustained
either on theoretical or on empirical grounds (Ref.l).
In order to help re-direct the analysing of productivity
adjustments it is necessary: '

(11 to clarify the nature of productivity adjustments;

{2) to develop more effeétive statistical measure of
outputs and inputs;

{3} to develop more effective measures of changes in
productlivity;

(4) +to explore the sources of significant changes in
productivity;

(8) to trace the successive Iinkages whereby productivity
adjustments affect costs, prices and profitability,
and,
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(6) to integrate all of the foregoing into a managerial
control system designed to enable management:

(a) to appraise alternative means of changing
productivity;

(b) to appraise managerial alternatives in the application
of such innovations:; and

(c) to determine the effects of past as well as of
prospective innovations.

It is also necessary to recognise at the outset that
productivity adjustments can only be appraised within some
specified framework which encompasses all input-output
flows of the system and which also specifies the criteria
in terms of which alternatives are considered and perform=-
ance evaluated.

The primary focus of this thesis is to provide solutions
to the above problems, examine a rahge of measurement systems
and determine their usefulness and applicability by analysing
the productivity of two separate batch producting firms.
Although the fundamental aim of this study is measurement of
productivity within a batch manufacturing firm, which has
never been attempted so bomprehensiVely, it is apparent that
such analyses could be extended to process and mass producers
as well, |

3.3 Definitions of Productivity

The significancé of productivity and the major influence
that changes in productivity exercises on a wide range of
managerial problems was discussed in Section 3.2. Despite
its significance, productivity is one of the most elusive

and confused concepts in business and economic literature.
A search through the relevant publications confirms this
statement. '
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Aynadri et al (Ref.2) write that productivity definitions
range from "getting work done" and "reduction in cost" to
"efficiency in production"., - Bahiri et al (Ref.3) confirm
the view held by Aynadri et al, and state that "the first
difficulty is that the interpretation of productivity is
so inconsistent and diverse. In its broadest sense,
productivity is most often viewed.a$ a measure of the
degree of utilization of some resource, such as labour or
machines, which in turn should be an indicator of perform-
ance achieved. ' Productivity literature abounds with
rival definitions and explanations, generally supported
by 'facts' and 'case studies', and contributed not only
by accounténts, economists and engineers but also by
politicians and trade unionists. While some of these
ideas are clearly meant to present controversial views,
the result is that to many productivity is a confused
and perplexing subject”. Dunning et al (Ref.4)
attribute the confusion surrounding the meaning of the
productivity to the fact that it means different things
to different people. Using efficiency and productivity
synonymously they write "Efficiency means different
things to different people. To the individual share-
holder, a firm's efficiency is essentially reflected in
the rate of return earned on the capital he has invested
and/or the appreciation of that capital; to a production
engineer,'efficiency is the quantity of output produced
in relation to a specific contribution of inputs; to
management, cost per unit of increased sales; to an
economist, efficiency of resource allocation etc." The .
terms "productivity", efficiency", "effectiveness" and
“production" are sometimes used synonymously. However,
they could have diverse meanings. Although in this
thesis we use the first three words identically, it is also
important to mention the different interpretation of the
above terms found in the literature. Glendinning (5)
distinguishes between production and productivity:

"production may be considered as the total output of goods




and services produced over a given period. Productivity
is a measure of the relationship of that total outﬁut to
the volume of resources which hawve been expanded in
obtaining it. The fundamental distinction is that
production can increase without there being necessarily
any increase in productivity".

Thorelli (6] defines "effectiveness" as the adequacy
of an organization's programmes, and this pertains to the
degree of goal attainment, and "efficiency" as the ratio
of the results actually obtained with the available re-
sources to the maximum results possible with these same
resources. The Oxford Illustrated dictionary explains
the term productivity as follows: "Productivity is
generally interpreted as "efficiency in industrial
production" to be measured by some relationship of
outputs and inputs".

Stewart (7) defines productivity as “the ratio of
performance towards organizational objectives to the '
totality of input parameters. Thus, if the organization
has the generation of profit as an objective, the level
of profit related to all of the relevant efforts ex-
panded by the organization defines the level of product-
ivity". The above definition is put into perspective by
Lester (8). He writes "absolute efficiency is an
impossible and at times dangerous concept. A company
is a complex of conflicting interests pulling towards
different aims, which prevent the full attainment of
them all. In trying to attain one, the others will
necessarily be set back a few steps and quite possibly
neglected altegether. Maintaining the balance between
all interests is what management is all about. It
becomes progressively more difficult as the range of
conflict is, widened to include shareholders, employees,
the government, the public, the c¢ustomer, management,



head office, subsidiaries, the individual and his boss, The
wonder is that a- company. can:achieve anything.at all".

Balk (9) attempts to define productivity by stating that
a logical way to think of productivity is to consider its
- relationship to the production process. Using systems
language, inputs are transformed into outputs which are
supposed to meet desired standards. Each of these elements
has factors which help us to analyse the process. PFig.3.1
shows some of these factors listed beneath the appropriate

element.
Action Alternatives
v T oy T P T 3
Input » Throughput~— - OQutput Standard
Personnel Procedures Units Units
Capital Assets  Schedules Events Events
Expenses Layout Shape Shape
Motivation Timeliness Timeliness
Management Satisfaction Satisfaction
Style '

Fig.3.1l Elements of Production

Efficiency is defined by Balk (9) as comparison between
output and input. Productivity has beén seen historically
as the simple ratio of output to input. But this is decept-
ive, because it assumes that all output units meet a gquality
standard. A more complete statement would have to incorporate
a quality (technially, this is called effectiveness) con-
cept. Economists have used the simple output to input ratio
because quality is a step in the manufacturing process. Thus
a productive process is one which optimizes efficiency and
effectiveness ratios:

Productivity = Efficiency + Effectiveness

or = 0/I + Q/S
where O = Qutputs
I = Inputs

S = Standards
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_ The British Institute of Management defines prbductivity
as "the value of output which is achieved in a given period
in relation to the sum of direct and indirect effort expended
in its production”. This in fact, is closely related to
technologidal concept of efficieﬁcy and the essence of it _
(L.e. a ratio of output to inputs expended in its production)
is the most w1dely accepted productivity concePt (Refs.lO,
11,12,13, etc.) Furthermore, Waddington (14) carried out a
survey to identify managers' perceptions of productivity.
Opinion among the two thousand participants interviewed,
taken from the machine tool, engineering and textile
industries, revealed a high degree of agreement. Most agreed
that productivity is a measure of output'in relation to the
input of resources and capital. However, within this brocad
definition there are variations of emphasis on whether out-

put should be related to all inputs, or a particular resource,

and on the numerator and denominator's units of measurement.

Engineers traditionally define effieiency as the re-
lationship between the actual and potential output of a

- process. Industrial engineers view productivity from the

planning and performance points of views (Ref.l1l5). In the
latter case production engineers use the traditional
engineers definition of efficiency. 1In planning and design-
ing a manufacturing system, production engineers tend to
measure productive efficiency in terms of the cost of
production per unit.

Finally, most economists define productivity as the
efficiency of resource allocation. Dunning et al (4) points
out that productivity in terms of economic use of resources
is best measured by dividing the value of output added by
the firm by the volume of resources (e.g. Labour, Capital,
etc,] used, or its real cost per unit of output produced.

3.3.1 Government guidelines

Successive governments have strived to control inflation

by linking pay to productivity. These efforts sometimes

have been reinforced by legislation and at times by
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voluntary agreements between government and trade unions
and, at présent by imposition of cash limits. Despite the
importance attached to productivity improvements as the

main means of improving living standards, successive govern-
ments have been vague in their definition of productivity.

| The Government White Papers on Prices and Incomes of
11965 and 1967 allowed pay increases above the norm, "where
the employees concerned, for example by accepting more
exacting work or major change in working practices, make a
direct contribution towards increasing productivity in the
particular firm or industry". The above conditions were
further expanded by the National Board for Prices and
Incomes in 1967 (15): '

"We would, for the guidance ¢©f managements, unions and
the Ministry of Labour, re-write the seven guidelines as
follows:

(1) It should be shown that workers are making a direct
contribution towards increasing productivity by
accepting more exacting work or a major change in
working practices;

(11} Forecasts of increased productivity should be derived

. by application of proper work standards;

(iii)  An accurate calculation of the gains and the costs
should normally show that the total cost per unit of
output, taking into account the effect on capital
will be reduced; ‘

(iv} The scheme should contain effective controls to en-

 sure that the projected increase in productivity is

achieved, and that the payment is made only as pro-

ductivity increases or as changes in working practices

take place;

{v) The undertaking should be ready to show clear
benefits to the customer through a contribution to
stable prices;

(vi) An agreement covering part of an undertaking should
bear the cost of consequential increases elsewhere
in the same undertaking if any have to be granted;

(vit] In all cases negotiators should beware of setting
extravagant levels of pay which would provcke re-

sentment outside,
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These statements make an attempt to distinguish be-
tween productivity of labour and other factors, although
the definition and the gquestion as to how they can be
measured is largely left unresolved. Despite the present
government's stated intentions to allow free collective
bargaining on numerous occasions they have made it clear
that pay rises should be earned. However, what is still
not clear is the definition of, and the method of calcul-
ating productivity. The only clear fact emerging is that
governments are concerned mainly with labour productivity.
Eilon and Teague (17) point out that "The theme of product-
"ivity agreements in the 1960's in the U.K. was largely
centred on providing changes in working practices for the
purpose of improving the utilization of both capital and
labour, in return for improvements in pay".

The United States Price Commission are more forth-
coming in their definition of productivity. Law (18)
states that "the definition handed down by the Price
Commission in mid=January 1972 implies: Improvements in
productivity are measurable by reductions in costs®.

3.4  Partial and Total Productivity Measure -

The most widely accepted definition of productivity
(see Section 3.3) is the ratio of outbut in the form of
production goods or services, to input, in the form of
production goods or services consumed in producing the
output., From the above definition it is clear that there
are two broad classes into which productivity concepts and,
in turn, measures can be grouped. This is further under-
lined by the flow pattern in a manufacturing enterprise,
as illustrated in Fig.3.2. A financial input is converted
through price mechanisms into a series of physical inputs:
manpower, material, machinery and plant even components
and final products where appropriate. Through production
and assembly operations (= the conversicn process) the
final products emerge as physical outputs, which are then
converted by a price mechanism-into a financial outflow.

Each operation or series of operations, in this flow diagram.




can be scrutinised as to how well it has been carried out,

and any measure devised to analyse the performance in question
may be described as a productivity or efficiency measure.

One includes those measures which relate to the total or
partical output of the enterprise to one type of input e.g.
the number of units of a given component produced per hour

on a given machine, the number of units of a given product
produced per man, the revenue produced per unit cost of
materials - all of these are examples of ratios that describe
different aspects of performance. The others measure
attempts to relate the total output of the enterprise to all
inputs expended in producing the ocutput. The former is
usuvally termed partial preoductivity and can be formally
defined as the ratio of output to one or more of the assoc-~
iated inputs. The latter is generally called total
productivity and can be formally defined as the ratio of
total output of an enterprise to all associated inputs.

_ PINANCT FINANCIAL
Finance ENELOa A OUTFLOW

4 4
Price facto ’

. MATERIALS COMPONENTS | FINAL PRODUC
Physical ¥ Y
goods -
PRODUCTION - |ASSEMBLY

Physical
conversion
MANPOWER
Other
inputs MACHINERY
& _PLANT

Fig.3.2 Financial and material flows
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~ Although partial productivity measures relate output to
one input, they do not measure the specific'contribution of
that factor to production (Ref.l9). Rather, they express
- the joint effect of a number of interrelated influences on
the use of the factor in the production process such as
changes in technology; substitution of one factor for another;
utilization of capacity; layout and flow.of material; the
skill levels and the effofts of the ﬁorkforce; managerial
and organizational skills. However, partial productivity
measures are useful in showing the economies that have been
achieved over time in consumption of individual inputs per
unit of output, bearing in mind the above constraints.

The most widely used "productivity index", guoted
frequently by politicians, economists and businessmen is
labour productivity (Refs.l18,20,21). The reason for this
is tow-fold:~

{1} the labour cost is the major factor cost of the
' Gross National Product and of value added in most
industries,
and (2) it is conceptually and computationally simple to
measure.

This index is frequently used as the measure of
efficiency of an enterprise, industry or national economy,
ignoring the influence of all other factors of production.
The use of this index as a glcbal measure of efficiency could
lead to serious misunderstandings. Output per man-hour may
rise for a wvariety of reasons other than increased effort by
direct labour. Among these may be a reduction in the works
contribution through the pruchase of more highly fabricated
components; replacement of manual tasks by machinery; the
shifting of product mix in favour of those requiring less
manpower etc., Consequently, gains indicated by increased
lahour preoductivity may not actually be gains at all. The
cost of generating the increased labour productivity must be
considered, Indeed, this type of fallacy is inherent in all
partial productlvity measures.
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From the above arguments it is clear that all single
(partial) factor productivity measures reflect the joint
effect of a variety of factors including the substitution
of one factor for another. Relating the output to a com-
bination of inputs eliminates the substitution effects.
Thus, a productivity index of output per labour and capital

1cbmbingd eliminates the effects of changes in amounts of

capital per workers. It therefore removes one of the most
serious shortcomings inherent in partial productivity
measures.

Also, it is important to note that a manufacturing
organization is a complex of sub-systems (See Figs.2.2 and
3.2) such as manufacturing, guality control, production
control, etec. These sub-systems interact one upon another
each striving to be more effective and efficient. When
measuring productivity we must remember that the objective
is to coptimize the total producing system and not any one of
the sub-systems, This may involve sub=-optimization of any
one or all of the sub-systems, Partial productivity measures
tend to lose sight of this objective and optimize one sub-
system to the possible detriment of the system as a whole.

3.5 Nature of Partial and Total Productivity Adjustments

Gold (22) traces the origins of partial and total prod-
uctivity concepts and their limitations to the effect of
their eariy development in agricultural and Simple manufactur-
ing processes. He suggests that the total and partial pro-
ductivity measures relate to "conversion efficiency” and
"input creativity" respectively. "Conversion efficiency" is
derived from the engineering concept of efficiency and re-
flects the relationship between the actual and the potential
output for any process, as may be illustrated by the percent-
age of the energy potential of fuels actually converted into
brake horse power. “Input creativity® derives from the
agricultural concept of relative fertility and reflects
differences in the output potentials of equal sized plots of
land. Because such differences are attributed to the un-
equal natural endowments of the plots, this particular input

is regarded as. the active or creative agent in determining
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output differentials, while other inputs are viewed as
essentially passive.

|

I

| Differences between the "input breativity“ and the "con-

I version efficiency" concepts. of productivity are important

| enough to warrant reviewing them in some detail. Specific-
ally, the conversion concept shifts the scope of measurement
from comparing total output with-onefinput to comparing it
with total input=~ and it shifts the basis for expléining
productivity changes from the creativity of active inputs
(for these would alter the system's potential) to the.
effectiveness of the conversion process, which embodies
engineering (and perhaps managerial) contributions to system
performance. Another important difference is that the input
creativity approach emphasises the non-comparability of
inputs and outputs, whereas the conversion efficiency approach
strésses the reduction of both to common terms (e.g. British
Thermal Unit equivalents), thus limiting fertility comparisons
to systems with similar inputs and similar outputs, whereas
relative efficiency levels may be compared among guite dis-
similar mass and energy conversion systems (e.g. thermal,
methanical and electrical). Despite such sharp distinctioné,
prevailing concepts of the nature of productivity adjustments
reflect a strange mixture of both approaches, thus sharing
the limitations of each and highlighting the conflicts be-
tween them. This has come about partly because the develop-
ment of economic activity systems has endowed most of them
with characteristics associated with both these primitive
concepts, and partly because differences among interested
groups have encouraged comparably polarized approaches.

Each of these concepts of productivity adjustment is
weakened by its myopic concentration on one component of a
complex relationship. By attributing increases in total
output per unit of a giveninput to improvements in the
gqualitative contributions of that factor, the input creativity
concept implies that there have been no changes in:

(a) the nature and composition of output;

(b) the volume, quality and utilization of each of

the inputs; and

—<4




(¢} the nature of production processes.

By attributing input-output adjustments solely to pro-
cessing innovations which reduce the wastage of inputs, or
increase the effectiveness with which processes harness the
potential contributions of inputs, the conversion efficiency
concept likewise implies no attendant changes in other con-
ditions. Moreover, the general conclusion in each case that
increases in output-input ratios are economically beneficial
rests on the further assumption that factor and product
prices are unchanged. In each case, therefore, the inter-
pretation may be valid only when all of these implied
conditions are satisfied.

The widespread confusion resulting from the application
of such primitive concepts to modern industry may be illus~
trated at three levels. At the level of basic concepts. one
may note that productivity adjustments are usually measured
by comparing total output with one input, as in the input

- creativity approach; but results are interpreted as indicat-

ing changes in theefficiency of the process - although ocut-
put per man-hour, for exam?le, cannot measure variations in
the productive efficiency of most industrial operations, nor
in the efficiency of labour effort alone, nor even the sheer
magnitude of labour’'s contributions to output (which would
be more closely akin to the input creativity concept). At
the level of interpreting findings, each input group's view
of itself as the sole source of creative gains in product-
ivity, despite the active involvement of other inputs in
modern production adjustment, often leads to simultaneous
claims by several groups for credit in accounting for
observed gains in output-input ratios. At the level of
appraisal, the general, but unwarranted, assumption that

all improvements in input-output ratios are necessarily
beneficial may be traced back to these primitive conceptions
that such gains can only be due to the enhanced creativity
of iﬁputs to reduced wastage of inputs; or to'process im-
provements which more fully harness the productive potentials
of inputs.




- 50 -

To analyse the complex domain of input-output relation-
ships in modern industry, however, it is necessary to broaden
the concept of the nature of productivity adjustments to in-
clude the effects of changes: in the guality and degree of
utilization of any or all inputs, as well as in the quanti-
tative proportions of various inputs; and in the qualitative
characteristics of each product as well as in the quanti-
tative proportions of different products, (Ref.22). As a
result, three new problems of measurement must be dealt with:

how to combine different product (or input) flows into meaning-

ful aggregates; how to deal with gualitative changes in
particular inpufs or outputs over time; and how to keep input
and output measurements independent of one another. These
are discussed briefly in Section 3.8 and from Chapter 5
throughout the thesis.

3.6 Requirements of Productivity Analysis

Organizations exist to pursue goals. Most organizations
have a variegated goal structure. A manufacturing organi-
zation is concerned with profitability, but alsc with product
leadership, market position,pleasant employee relations,
etec. In this connection Thorelli (6) writes "The definition
of productivity as the relationship between output and input
is deceptively simple. aAn entire family of complications

stem from the fact the productivity is not a monestic concept -~

we have to count with a hierarchy of productivities". This
means that a choice of productivity measure is a function of
the specific purpose for which it is constructed. Gold (1)
concludes that the absence of a unitary concept of efficiency
which is widely applicable, means that productivity studies
in modern manufacturing systems cannct undertake to measure
“the efficiency" of a given activity system. Instead, such
studies must bhe deéigned to appraise the effects of changes
in various input-output relationship on specified performance
objective of the system. In as much as different activity
systems are likely to have different objectives, and each
system may be characterised by an array of productivity
relationships at any given time and also that identical

measurement may have widely disprate meanings in different




systems. This does not mean there is anything especially
sublte about the process of productivity measurement (Ref.6),
but only that the variety of relationships is sé great that
making an effective choice requires defining the particular

‘activity sector to be probed and criteria to be applied.

Gold argues further (1) that merely juxtaposing the
comparative magnitudes of specified inputs and outputs re-

veals nothing more than the level of, or changes in, the

given ratio. To invest such quantitative findings with
evaluative implications, the variables should be derived
from an analytical framework which encompasses all of the
inputs and outputs of the system and provides a theory of
how it functions. Such a framework permits working back-
wards from specified performance cbjectives to determine
which variables should be studied, how they should be re-
lated to one ancther, and what measurements should bhe used
for each in order to maximise the usefulness of the result-
ing findings. Accordingly, productivity measurements cannot
provide the basis for a theory of the determinants of
effectiveness in marketing, education, or research; on the
contrary, such theories are pre~-requisites for determinihg
the elements and structure of input~output measurements
which are meaningful for evaluating the performance of these
systems. In general, then, the less rigorous and detailed
the analytical framework used, the less significant may be
the measures contrived and the more vulnerable the inter-
pretations attempted, as has been amply illustrated by
indiscriminate reliance on output per man-hour measures over
a wide range of economic activities.

The significance of given input-output ratios depends
not only on the analytical relevance of the categories used,
but on five additional requirements whose intuitive recog-
nition in simple production systéms has often been overlooked
in other applications. Two of these concern the qualitative
stability of each input and output category through time and
the susceptibility to measurement of these attributes which
bear directly on the evaluative criteria being employed.




The former emphasises that changes in the nature either of
the inputs used or of the outputs produced may cloud inter-
pretation of . observed adjustments in guantitative input-
output rélationships. The second warns of the dangers of
quantifying peripheral rather than core aspects of input and

output flows.

The three remaining requirements are that the numerator
and denominator of productivity ratios must relate to con=
gruent sectors of activity; that they must relate to properly
linked time periods; and that the input's contribution must

be absorbed into, and affect the characteristics of the output.

In emphasising that the inputs and outputs being compared must
relate to the same department, plant, firm, or industry, the
first requirement merely seeks to prevent such errors as
comparing all of the inputs of a plant with only part of its
output. The second counsels against using input and output
data for the same pericd unless all of the input is absorbed
into the output within that period. Thus, in an operation
involving a 6 month production.cycle; it may be more meaning-
ful to compare output levels with the material consumption
levels of 6 months earlier than with their current levels.
The direct implication of the third requirement is that
outputs should be compared with input measurements covering
all of the factors which can be substituted for one another.
Finally, the uses to be made of productivity findings may.
generate additional requirements bearing on the design of
effective measures. For example, efforts to determine the
economic significance of changes in physical input-output
felationships, may require a superstructure of additional
measures as will be shown later. And if appraisal efforts
are also to be directed towards the managerial objectives

of improvement and control, productivity measures might be
re~designed so as to maximise the separation of components
which are responsive to managerial guidance from those

which are nct.




| 3.7 Levels of Measurements

| In the previous section it was argued that the appropri-

ateness of a particular measure is a function of the specific

purpose for which it is constructed, and that different

activity systems are likely to have different objectives.

| As is widely recognised, the hierarchy of cbjectives in the
firm produces an organizational structure to pursue themn,

! " first by a planning process that specifies an array of

‘ activities to be undertaken and allocates resources to them,
and secondly'by executing the details of the plans. The
control function is responsible for monitoring progress,
comparing it with targets specified by plans, taking
corrective action when serious discrepancies are revealed
and finally undertaking to evaluate the whole planning and
execution process when the operations are complete.

There are three levels of activity system within a
manufacturing organization in which objectives have to be
set and the progress monitored: a manufacturing system,
production system and Board of Companies. By manufacturing
system (shop floor) we mean the way in which internately
related manufacturing procesées and auxilliary equipment are
organized and employed in the production of a specific
product or component. By Production System which will
normally embrace numerous manufacturing systems we mean the
way in which all production processes and services to pro-
duction interact in an entire manufacturing company.

At "manufacturing system" level physical-input-physical-
output relationships tend to dominate performance evaluation
because the qualitative specifications for labour, materials
and equipment as well as their prices and charges are usually
set by other units of the organization (e.g. procurement,
enginering, industrial relations and accounting)}. Welfare '
constraints are also specified for the given manufacturing
system through health and safety standards, insurance pro-
tection and other components of company policies, trade
union agreements and social legislation. Thus, physical

criteria are dominant only because financial and welfare
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conditions are fixed outside the given unit. Indeed, sig-
nificant changes .in any of these prescribed constraints
would make it difficult to interpret resultant changes in
physical input-output ratios, without careful evaluation of
their effects within a larger framework. The actual measure-
ments are usually concerned with estimating the productive
efficiency of direct workers. Using well established work
measurement techniques performance is compared in terms of
number of pieces of work satisfactorily completed, time
taken, or work unit value, with a performance target or
standard. In capital intensive industries machine {(fixed
investment) productivity is also measured. These usually
take the following forms:

Productive Machine Time % 100

Machine utilization = Total Time

Total Time Machine is expected to run
Total Time Available to run

Machine Efficiency

_ Also, to a lesser extent companies measure unit material
productivity by relating the physical output to the value of
materials consumed or by collecting scrap rate data.

The over-riding cbjectives of a production manager
responsible for a "production system" is the production of
whatever has to be produced in the required quantity and
quality at the required time (which may not always be the
minimum time) at minimum overall cost per unit (Ref.l5).
This reflects the production manager's freedom to improve
performance not only by decreasing the quantity of each in-
put per'unit of output, but also by altering the qualitative
specification of inputs; by adjusting factor proportions and
by seeking reduced factor prices - all derived from his
emphasis on lowering unit costs. Hence at this level, c¢ost
supersedes physical quantity as the aspects of input flows
to be compared with physical output within any given set of
physical and welfare constraints. It is important to note
that the interpretation of unit-cost adjustments present
difficulties if accompanied by substantial changes in product
design or other constraints.
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Managers at boardroom level have an overall view of
the.firm,.and are also responsible to suppliers of funds.
They often control a number of "production systems" and
numerous "manufacturing systems".  Consequently, their
over-riding objectives cannot be solely the minimization of
unit costs. Productivity literature abounds with "the
primary" objective of management at this level. However
undeniably the major concern of top management is increasing
the revenue relative to costs: and more important increasing
profit relative to investment (Refs.23,24,25). As this con-
curs with investors cbjectives. But as well as being com-
nmitted to the same objectives as investors, operating manage-
ment's primary responsibilities centre around the adjustment
of the level and composition of the physical inputs and out-
puts through which financial inflows are converted into
larger financial returns (Ref.l). Thus, management at this
level requires criteria of performance relating total physical

‘output quantities to total physical input quantities as well

as relating financial measures of output to financial
measures of input.

Relating total physical output guantities to total
physical input quantities at company level creates a large
number of problems, because heterogeneous outputs and inputs
have to be aggregated together.

In short, measurement criteria and adjustment deter-
minants are functions of the purpose of measurement. But
in turn the purpose of measurement is a function of the level
of the activity system. This means that a measure which would
suffice at "manufacturing system" would not be sufficient at
"production system" level and so on. Simple physical assess-
ments of productivity (relating output to one input i.e.
partial measure) would be sufficient at "manufacturing system"”
level. The appropriateness of the partial measure depends
on the type of production process. For example in the case
of a company relying on high investment, machine (fixed
capital) productivity would be the dominant partial measure.
At “"production system" level, which incidentally signifies
a higher level of aggregation, the dominant objective is




reduction in unit costs. Consequently, the productivity has
to be measured in terms of total and partial unit costs. The
appropriate measures are obtained by relating "physical out-
put" to costs. A% board room level, one is concerned with
the efficient running of the system and not with maximization
of effectiveness of individual sub-systems. Consequently at
this level management requires a measure which relates total
physical output of the company to its total inputs. This ‘
requirement immediately creates statistical problems with
réspect to output and input measurements of a multiproduct
company. The nature of the problems which may arise when
attempting to measure total productivity are discussed in
Section 3.8, and the methods of dealing with them throughout
the thesis.

3.8 Firm Level Productivity Measurements: Difficulties

. Although the general concept of productivity measure-
ment (physical ratio of output to all or some of inputs) is
clear cut, in practice assessing physical output and’ inputs
mvelve numerous definitional and statistical problems, as
well as difficulties arising from existing information gaps.
In the following sub-sections we list the problems which an
analyst is likely to face in attempting to measure the pro-
ductivity of a company. Solutions to the majority of these
problems are presented from Chapter 5 onwards in the form of
suggestions and actual case studies.

3.8.1 Output measurement

Output from most manufacturing companies suffers from
the following measurement and inclusion problems:

(a) Changes with time of
(i) Product design.
(ii) Product type.
(iii) Product size and mix.
(iv) Product quality.
(v) Sales value and market share,




‘ | (b)
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Potential Errors
(1) Over simplistic measures of output.
| (11) Counting outputs that are not final 6utputs.
' (iii) Counting outputs that are not related to cbjectives.
i (iv} Counting outputs that are not related to inputs
‘ due to long lead times etc.
] : {(¢) Do we include the following in Output? ‘
(i) Production of capital goods by a firm for its
own use.
(1i) Returns from intangible capital outlays.
(1ii) Research and Development; how should it be
measured? ' | | |
3.8.2 Input measurement
(a) Suffers from a multiplicity of:
(1) Materials.
(11) Facilities.
(1ii) Equipment.
(iv) Labour and labour mix.
(v) Utilization of inputs.
(b} Capital
(1) How to define real capital stocks when they are
diverse and changing?
(ii) How to include 'intangible' captial inputs,
e.g. research and education?
(1ii) Should plant be valued at book value?
(iv) Should plant be valued at actual value?
(v) - Should plant be valued at replacement cost?
{vi) Should plant be valued at Net Capital Stock?
(vii) Should plant be valued at Gross Capital Stock?
(viii) Should plant be valued by flow measurement ‘

aggregate of capital hours used weighted by

the

rental valueofeach piece of capital equipment

used ~ this emphasises the services of capital?



{c) Labour
(1)

(ii)

‘ : {iid)
iv)

! . (v)

(vi)

{vii)

(viii)

(d) Output
(1)

(11)
(iii)

(e) Timing
(1)

(11)
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- Should man hours include white collar workers

and corporate officers?

Is the correct measure 'man hours worked' in-
cluding tea breaks, standby etc?

Is man hours paid for 'the correct measure'?
Is man hours paid for less holiday, illness,
absence the correct measure?

It is assumed that an hour of high skilled
labour contributes more to output than an hour
of unskilled labour. Weights must be used to
add these two qualities of labour.

Should account be taken of age, sex, education
of workers when aggregating total man hours
worked.

Should account be taken of the length of the
working week. It is possible that a worker will
work 'more diligently' in one hour if his work
week 1s 40 hours rather than 45 hours as he is
less fatigued.

Should fringe benefits be taken into account?

and Input Combined ,
How to determine relevant Input-Output compari-

_sons: how to aggregate heterogeneous Inputs and

Outputs into relevant comparable units?

How to keep input and output measurements inde-
pendent? '

How to ensure all measured inputs are absorbed
into the output? |

The numerator and denominator of productivity

ratios should relate to conéruent sectors of

activity and properly linked time periods.

What frequency or period of analysis should be

used:

{(a) The smoothing effect associated with periods
of one year?




(£)

(g)

(h)

(1ii)
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(b) Monthly or quarterly periods which provide

more timely information,'

(c) The choice depends upon the objectives for
measurement and lead times.

The selection of a base period should:

(a) Reflect normal behaviour of the firm.

(b) Be current enough so price and cost data are
available for products currently in production.

Information Retrieval and Presentation

(1)

(11}

(1ii)

The required information must be readily avail-
able.

Because of the difficulty of cbtaining direct
quantity measures for inputs/ocutputs substitute
measures are often used.

Information collected for othexr purposes is often
used. These purposes may involve different
definitions, concepts and objectives, in parti-
cular the classifications and categories of the
accountant.

"Interpretation

(1)

(i1)

(iii)

In the interpretation of findings the distinction
must be made between internally controllable and
externally imposed factors. |
When output indexes are stated in terms of the
monetary value of the products sold the relative
profit margins may distort the comparative
picture, one firm to another.

There is a need to trace changes in productivity

to their root causes rather than just observing
other passive resultant changes.

Other Problems

(1)

(i1)

There is often hostility to productivity improve-
ments because improved productivity can sometimes
necesgsitate reducing labour costs per unit of
output, hence reduced overtime, redundancy etc.
may result, '

To set up firm level productivity measurement

support from top management will be required as

s
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| conflict between accounting ana other financial
elements may arise.

(iii)‘ Direct incentive schemes are often introducted
to relate individual pay increases above a
bagic rate to the productivity of individual
operators. After a few years operators tend to
resent the discipliné imposed by the payment
scheme which forces them to maintain high output
to gain high wages. Manipulation of work booking
is easier: claims for down-time, waiting time etc.
Productivity may remain static or actually go |

_ down. This must clearly be avoided.

(iv) Other effects of direct incentive schemes include
runaway earnings, expensive buy-outs and artificial
ceilings to output to aveid attention being
focussed on excessive earnings or slack work
standards. Improvement due to management must be
separated from improvement by the work force.

(v) Sub-optimization of a total system may result in
favour of a sub~-system.

3.9 The Uses of Productivity Measurement

Lo

In this section we loock at the purpose of developing
productivity measurement and the uses it can be put to.
A.R. Smith {26) writes "the measurement of productivity can
be carried out for at least two distinct purposes. The first
of these is to assist in the general economic analysis since,
by productivity measurement, light is thrown on past and
future trends, on the relationship between national production
and employment, on occﬁpatidnal shifts, on the future of out-
put of the community and so on. The second major purpose is
that of "servihg" as a tool of management by illuminating the
technical and organizational factors which contribute to in-
creases or decreases in productivity and lead to variation
between different plants and firms."

In practice, the second major purpose c¢an be sub-divided
into two further distinct purposes. The first of these is to
develop a statistical technigue which will be of assistance
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to those in direct contact with production in increasing pro-
ductive efficiency. The second is to provide an overall
indication of the effectiveness of management”.

These sentiments are repeated by Roll et al (27). They
write: "the purpose of developing productivity indexes is
to obtain tools for monitoring technological and ecconomic
progress by evaluating the extent to which resaurces (inputs)
‘are utilized to achieve desired goals (outputé)". They con-
sidex the productivity indexes to be controls on input
utilization and aids for national improvements.

Ksansnak (23) writes "the significance of measuring of
productivity to a business enterprise is that:
(1) It relates the cost of resources to the effective-
ness of their utilization.
(2) It helps to isolate the causal effect on company
profit growth of (a) inflation,
(b) capacity utilization,
{c) productioh.
(3) It provides a basis for evaluating competitive
position.

From the above arguments 1t is c¢lear that the main
purpose to which productivity measurement can be put are
fourfold:

(a) Strategic purposes.

(b) Tactical purposes.

(c) Planning purposes, and

(d} Internal Management purposes.
These are discussed in the following sub-sections.

3.9.1 Strategic purposes

(a) To compare a firm with the performance of its

competitors both in .the U.K. and internationally.

(1) “"The best performing organizations may be three
times as efficient as the worst in any one industry
sector - a difference of three to one in number of
peorle to perform identical tasks". Thatcher (29).

(b) To compare regional and industry sector differences

in apparent productivity as Dudley (30).



3.9.2 Tactical purposes

(a) To enable effective management through the identi-
fication and comparison of the performance of individual
production units and products within the company. This
regquires: ‘

(1) The measurement of efficiency in production in

: general and in mak;ng'a profit: in: particular.

(ii) The monitoring of prbductivity cﬁanges on an on-
going basis. Smith (31), places great significance
on this, "Until British companies can plot their
own productivity indexes and use them as a control
tool for maintaining and improving performance
there is little hope for industrial regeneration".

(b) To aid in pricing decisions and determine a fair
return to labour and capital.

(¢) To estimate the potential or capacity of a production
facility.

(d) To aid judgement as to the effectiveness and
efficiency of management.

3.9.3 Planning purposes

(a) To compare the relative benefits accruing from the
use of different inputs or their proportions and hence under-
stand the trade-offs in productivity decisions.

(b} To evaluate the merits of future investment in the
various production facilities within a company.

{i) There is scope for productivity improvement as
the three day week experience of the mid 1970's
showed. The production yield in many companies
was observed to be between 80% and 90% of the
normal five day week, simply because of better
utilization of plant and labour, (Ref.31l}.

3.9.4 Pay bargaining and other management purposes

(a) To evaluate the effect of government requirements.
(1) . The 1965 and 1967 Government White Paper on Prices
arid Incomes allowed pay increases above the norm;




o (i1)

(i)

(i1}

(1ii)
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"Where the employees concerned, for example by
accepting more exacting work or a major change in
working practices, make a direct contribution to-
wards increasing productivity in the particular firm
or industry". A reliable productivity measurement
system is required to comply with this.

The ACAS Code of Practice on Disclosure of
Information to Trade Unions for Collective Bargaln-
ing calls for "productivity data, appropriately
analysed, showing savings from increased productivity
and return on capital invested" as well as for
financial information.

To achieve effective productivity pay bargaining,
Smith (32), defines Productivity Bargaining as a
trade off between management's desire to improve

" utilization etc. and Unions' desire to improve pay

‘and conditions.

Smith (33) quotes from the "Working Together

Campaign" which argued that the only source of pay
increases 1is productivity improvements.

The PEP study, "Wage Determination in Industry”

showed that increases in pay demands tend to be

linked to cost of living, comparability/differentials,
changes in pay systems, low pay, national agreé-
ments and lastly to profits.

3.10 Company Practice

Despite the widespread misunderstanding of the nature
and effects of productivity adjuétmenté, most firms have
established systems of productive efficiency measures for
.control_purposes even though arbitrary and subjective judge-
ments have had to be made about scme of the factors which are
embodied in the measures.

Using a management accounting type presentation {(which
relies heavily on cost accounting techniques), highlighting
the variance between objective and performance, some firms
seek to assist every executive and policy making level within
the company by furnishing them, at appropriate and regular
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intervals of time; with statements of performance on the
activities for which they are responsible. In such report-
ing, speed of information flow is usualiy more importance:
than precise accuracy. For example, records'of output,

direct labour (rate and efficiency), materials and consumables
‘(price and usage), overheads (value, expense price, expense
usage) variances for individual production departments are
issued weekly to departmental managers. At board ievel,
monthly statements are received on output and profitabiiity

as well as on various variances.

Most companies also employ work measurement techniques,
| for planning the deployment of their labour force and con=-
| trolling their activities. This is reflected in a host of
indexes, connected to labour performance, present in manage-
ment accounting packages. The measures include ratios such
as:

Direct Workers time spent on Production
Direct Workers total attendance time

Operator Utilization

Standard Hours Produced
Direct Worker time spent on Procduction

Operator Efficiency =

Standard Hours Produced
Normal Standard Hours for number of
Working days in month

Qutput
Number of Direct Employees

Activity Factor - =

i

Labour Productivity

or _ _ Output
Number of Hours Attended

It is a usual practice to issue reports on direct workers
to foremen day by day and indicate clearly where enguiry and
action needs to be concentrated. At management level the
tendency is to use the labour performance indexes as a measure
of the company's total efficiency. This could lead to serious
misunderstandings.

In general, productive efficiency measures at companies
relate to the utilization or cost of manufacturing or handling
equipment, to labour, direct and indirect, to materials, space
and power. They may also relate to the intrinsic efficiency
of machines and other items of equipment. For example, the
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percéntage of time in a machine cycle which could be devoted
to doing useful work and the percentage of time within the
cycle that is actually being devoted to doing useful work.

With a few notable exceptions there is a wide gap
between the generally accepted need for a comprehensive system
of productive efficiency indexes as an aid to management and
what companies actually achieve in this direction (Ref.15).
Those concerned with the production function, having failed
to integrate productive‘efficiency measures, tend to judge'
efficiency by reference to a series of not too obviously
related indexes.

3.11 Conclusions

Changes in productivity amplitudes are increasingly
recognised as a major influence on a wide range of macro and
micro econcomic problems. Despite the acceptance of product-
'ivity as an importan# measure of economic performance, a
widespread confusion exists as to the definition, nature,

methods of measurements and effects of productivity.

The most widely accepted definition of productivity is
"a ratio of a measure of output to a measure of some or all
of the resources used to produce this output". The phrase
"some or all of the resources" suggests that there are two
broad classes into which productivity concepts and in turn
measures can be grouped: partial and total. Partial product-
ivity measures reflect the joint effect of a variety of
factors including substitution of one factor for another.
Total productivity measure, on the other hand, eliminates
the effect of substitutions. '

The other definition of productivity, which is widely
used by .engineers is "the ratio of actual ocutput to potential
output". This is often referred to as the efficiency of the
processes. Throughout this thesis the guiding factor in
choosing a productivity measure has been its compatability
with these two definitions. Also, we use productivity,

efficiency and effectiveness synonymously.
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The arguments put forward in previous secticns of this
chapter lead us to conclude: )
(1) that productivity analysis serves a variety of purposes
and hence requires a corresponding variety of appropriately
designed measures;
(2) that the productivity of any activity system should refer

‘not to any single input-output ratio, but to an inte-

grated network of such measures;
{3) that the effects of productivity adjustment depend not
only on their magnitude, but also on the sources raspons~”
ible for them, on the nature of the changes in input-output
relationships involved, and on managerial choices among
alternative means of harnessing their potential benefits;
(4) that evaluating such effects requires supplementing
physical with cost measures and then with successively
broader criteria until these come to reflect the guiding
objectives of the system under study.

Such conclusions imply that productivity adjustments may
assume many forms, that apparent increases in productivity
levels need not always be beneficial, that the very same
pattern of productivity changes may have quite different
effects in dissimilar circumstances and, finally, that pro-
ductivity increases are not ends in themselves but merely
one means of promoting more fundamental ends.

The contribution to knowledge made by this thesis is:

(1) It applies existing concepts to the measurement of
batch producer's productivity. This, to the knowledge
of ‘the author, has never been attempted so compre-
hensively. '

(ii) On theoretical grounds we introduce formal definition
and statistical techniques for measurement of heter-
ogeneous outputs and inputs as well as some new ideas.
Some new concepts are also introduced to augment the

| existing state of the art.

(1ii) Two computer programs are developed to carry out
productivity analysis. It is our belief that these
provide managers with a powerful planning and control
tool.
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CHAPTER 4

PRODUCTIVITY MEASUREMENT: A LITERATURE SURVEY
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4.1 Introduction

Productivity literature can be divided into three main
categories as follows:

(1) Productivity Measurement,
(2) Productivity Improvements,
and (3) Productivity Bargaining.

As the thesis is concerned with productivity measurement,
an in-depth literature survey was carried out in this area.
This is presented in the following'sections. However, to
complete the survey, we have briefly reviewed the literature
dealing with items 2 and 3 above.

4.2 Productivity Measurement

In reviewing the productivity measurement literature,
we identified two distinct areas of interest. These were:
(1) Measurement of Productivity at international, national

and sectoral level, ° and '

(2) Measurement of productivity at industry, company and
unit level.

- 4.2.1 Measurement of productivity at international, national

and sectoral level

Measurement of productivity at this level is generally
based on relating the labour input to output i.e. labour
productivity (Refs.l1,2,3).

The reasons for this are: (Refs.2,4).

(1) labour costs are the major factor cost of the gross
national praoduct; _

(2) data required for computations are readily available
from census of production;

(3) at macro level the standard of living is reflected by
the income created per hour of &ork.

There are, however, variations within this main theme.
These depend on the definition of labour input used (Ref.5).
A measure may refer to output per person or it may take

account of changes in hours of work and be based on total




hours. It may cover the hours of the entire lahour force 1
including proprietors, unpaid family workers, and employers

or it may be limited to a selected group of workers.

Arguably the most widely used method for the measurement of
labour productivity at this level, is the technigue outlined

by the U.S. Bureau of Labour Statistics (BLS)}, (2,6). They
compute the output per man hour for the private economy. For
this measure, output per man-hour refers to the ratio of

"Gross Domestic Product.originating in the private or individual
sectors" to "the corresponding hours of all persons employed".t
The ocutput figures are deflated to constant monetary values

by adjusting them with appropriate price indexes.

There are some technical problems and shortcomings
associated with this technigue. Fabricant (7) criticises the
output per man-hour indexes constructed by BLS on the following
counts: the effect of varying inflation rates on output
measures; the impact of imperfections in productivity measure-
ment on indexes for the service industry; and the fact that
government services are not included in the index. Rees (8)
points out the problems associated with the price indexes
used for deflating Gross Domestic Product values.

The use of labour productivity as a measure of economic
efficiency at this level has been criticised by many writers
including Law (9). He states that "BLS index reflects only
one input factor (labour) contributing to GNP and is in-
sensitive to any other factors that may contribute to
improved performance”.

The labour productivity indexes are frequently used for
comparing and evaluating the performance of different industrial
countries. However, these attempts are considered to be in-
valid by a large number of writers in the field of productivity
measurement (Refs.9,10,11). Law (9) states that "attempts
to evaluate the performance of different industrial countries
using statistics such as those develcoped by BLS can be mis-
leading. For example, the fact that output per man-hour index
for some countries shows growth rates several times greater
than those of the United States may indicate a trend toward

T




~more capital intensive industries or that the market for

goods produced by these countries is expanding more rapidly
than oufs. It does not indicate in any way a trend that is
detrimental to the US, nor does it indicate that the rate of
expansion in the other countries is a desirable goal for the
U.S.A.". 'Clay'(lO) and Teague et al (ll) argue that this

method will show improvements in labour productivity resulting

from events not under control of labour. For'exampie, in-
creased automation may reduce the labour hours without
corresponding change in output. Based on the above argument,
they conclude that comparing labour productivities alene

- without considering the effects of other factors of production
‘such as capital would be in most cases misleading.

4.2.1la Input-output model

This is an analytical approach to measurement of product-
ivity at this level. 1In the basic, Leontief (123) input-output
model, the production and consumption of n sectors (or in-
dustries) of an exonomy were represented by:

% 1 - 8, 0%, = X, =0 4.1
2 PP (4.1)
for 3 =1, 2, ... n, where

Xj = Net output of a sector (or industry): total output of
sector j minus the amount of the output consumed within

sector J itself;

X35 = Qutput of sector j; consumed by sector i
Gij = o if i # 4, end 1 if 4 = 3
Defining a;, for i, 3 =1, ... n, as coefficients of pro-

duction (or input coefficient of product of sector i into
sector j), a linear production function is introduced as

follows:
e 5 I (4.2)
ij AiAj i
for i, 3 =1, 2, ... n.
where Ai = Productivity coefficient of sector 1

!

Aj Productivity coefficient of sector j




For a base period, all A, and A; can be equal to 1. Im-
provements in productivity and therefore changes in the -
relation between Xi and xij would be reflected by assigning
proper values to Ai and A'j in the later periods.

- Substituting Equation 4.2 in 4.1 yields

n o a, .
(1 - §.)==24 X, -x, =0 | (4.3)
§=i i3 AiAj i J

for j = l, 2’ -oo.n-

For recent overviews of input-output models, their
limitations, and their uses in productivity analysis see
Edrilek (124) and Moon (125),.

4.2.2 Measurement of productivity at industry, company and
“unit level

Industries and their constituent elements (companies
and units) can broadly be divided into two categories,
These are:

(1) Service industries, and
{2) Manufacturing industries.

Survey of the literature shows that this division also
exists in the field of productivity measurement. The main
difference between the two types of industries identified
above from productivity measurement point of view is the
nature of outputs.

We discuss briefly in the next sub-section the
approaches to measurement of productivity of service
industries, and provide a number of references for interested
readers. Approaches to the measurement of productivity for
manufacturing industry is discussed in some depth in the
following section, with special reference to companies who

operate in the batch mode.




4,2.23 Measurement of productivity of service industries

Greenberg (4) states that "It is commonly and mistakenly
supposed that the service sector of the economy'is not sus-
ceptible to productivity measurement because it does not
produce quantifiable units of output". He argues that it is
important and poséible to measure the productivity of service
industries . and its cantituents. However, he writes "to say
that the sector is susceptible to measurement does not sig-

‘nify that the job will be easy. The difficulties of con-
ceptualizing, defining, and measuring output and productivity
vary widely among the industries". ' |

The service sector includes trucking, railroads, com-
municétions, utilities, insurance, banking, trade, hotels,
repair services, medical services, legal services and many
other activities. These can be divided into two categories
of service activities. Those with (4): |

1. TIdentifiable Physical Units of Service e.g. transportation,
utilities, communication, banks, etc.

2. Intangible units of service, e.g. medical and health
sexvice.

The difficulty with the second group of services is that
there is no definable, quantifiable, unit of output. This
gituation exists because often there are more than one way
of identifying and defining the output of an establishment
and it is difficult to make a choice. Another important
factor is that each unit of output is often subject to a wide
band of quality, and the quality is difficult to evaluate
(Ref.12).

Fuchs (13) discusses the methods df measuring the pro-
ductivity of wide sections of service industries. These
include suggestions for output measures for each particular
section within the industry. Udler (l4) suggests a method
which is based on identifying tangible and intangible out-
pﬁts and relating these to the staff required to produce
them. Schneider (15) reijects the traditional labour pro-

ductivity measures in a service industry. He suggests the




use of the Delphi technique for establishing measures of
effectiveness. The technique is validated with the aid of a
case study. -

Large sections of service industries are public. This
provides a further complication beyond those met in private
service industries. The reason for this added problem is
simply that most public services are offered at costs which
are lower than their economic costs (15). The technique
used to overcome this difficulty and measurement methods for

_monitcring'public services productivity are discussed in many

publications including references (16,17,18,20,21). We have
not reviewed these in detail in this section simply because
they have no real relevance to the main objectives of this
thesis.

4.3 ‘Measurément of Productivity: Manufacturing Industries

The complex nature of productivity analysis has been
demonstrated in Chapter 3. It is not surprising that there
have been many suggested solutions to the problem of product-
ivity measurement. Each alternative c¢laims to have
significant advantages over its rivals. When selecting a
measurement system, consideration must be giveﬁ to the
cbjective to be served by the measurement.

The most common methods of analysing the performance of
a manufacturing company are summarised below. In each
summary the general approach is outlined, the advantages and
disadvantages listed and extracts from the main protagonists
included.

4,3,1 Partial productivity measures

The most popular partial productivity measures are con-
cerned with gauging the effective use of the main factors of
production, e.g. labour, machines and capital. However,
partial productivities are not restricted to those mentioned
above, depending on the nature of a company's operations -
one can méasure the usage efficiency of fuels, utilities, etec.




Qur review in this section is restricted to methods used
. for measurement of lahour, capital and machine productivities.
The reason for this choice is simply that partial productivity
measures are inexhaustive; it would not be possible.to include
them all in this survey.

4.3.12Labour productivity

in the past, labour productivity has received most
attention. So much so Fenton (23) writes "when the word
'productivity' is used without qualification it usuaily refers
to labour although what is meant to be covered by the term
labour ﬁeeds careful defining". A glance at this statement
is enough to realise that there are various approaches to
the measurement of labour productivity.

The technigues used for measurement of labour product- .
ivity could be divided broadly into four categories. These
are:

(I) Economists approach.’

(II) Index number approach.

(III) Industrial engineers approach.
(IV) Others.

Each of these are briefly described below.

I. Ecocnomists Approach

This approach is the extension of the metheds used by
economiéts in measuring macro level productivities. As in
Section 4.2.1 labour productivity is the ratioc of some
measure of output, and labour input. There are variations
within this broad definition. The reason for these are
different conventions and statistical techniques used for
defining and measuring output and labour input.

Hamre et al (24) recommended the following ratio:
Revenue + Inventory Change

Labour Hours Paid For

They argue that all employees' contributions should be
included in the denominator. Quoting he states that




"productivity is a function of many more people than the

group routinely measured i.e. shop floor personnel. Engin-
eering functions and "indirect" support play key roles".
Furthermore, he writes, "use of labour hours paid for re-
flects the efficiency of the dollar expanded to achieve the
ocutput for the period, considering compensated hours for
vacation, holidays, etc. Hours worked could have been used
as an alternative, but would have excluded major costs such
as mentioned above from measurement".

Johnson (25) describes the method used by I.B.M. Labour
productivity is defined as physical output per unit of labour
input. Labour input is measured in terms of number of workers
employed. They measured direct, indirect and total labour
productivities.

Greenberg (4) suggests an approach similar to Hamre et
‘al (24). The main difference between the two approaches is
whether the labour input should be measured in terms of
"hours paid for" or "hours worked". Greenberg (4) suggests
the use of "hours worked". He states that "the greatest dis-
advantage of "hours paid for" measure is that it is affected
in different ways by different changes in work and leave
practice". Interested readers are referred to his work as
it covers all facets of measurement of labour productivity.

Lakenneyer (26) suggests that labour productivity is best
measured by determining whether labour fulfills its functions
in various areas of performance and not only output.

For other variations in the basic economists approach,
see Byrd (27), Hershauer et al (28) and Cornes (29).

_ Use of labour productivity as described above is justi-
fied by Smith (30) on the following grounds:

(1) At the fimm level labour'represents a large part
of the total cost of production.

(ii) It is the most readily changed input and therefore
more capable of appreciably reducing costs.
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The advahtages of using labour productivity are
summarised by Greenberg (4) as follows:

(i) It is an important factor in estimating future factor
requirements. _
(i1} It is related to wages and labour costs and to wage

and price control programmes.
(ii1i) Tt is more easily understood compared to alternatives.
(iv} It is simple to coﬁpute asithe necessary data are
usually readily available and, finally
{(v) It is in demand.

The use of labour productivity as a yardstick for
measuring the productivity of a company or efficiency of its
labour force has been criticised by many writers in the
field of productivity measurement. Xsansnak ({(31) writes "we
are not exclusively measuring the productivity of labour,
since other factors such as technology, capital investment,
changes in make or buy decisions or so forth can and do
influence the trend in output per man hour". Smith (32) also
criticises use of labour productivity. He writes "unfortunately
labour productivity indexes used do not provide the best
vardsticks and are often misleading. The two most widely
used are net butput per employee and net cutput per £ of
wages and salaries. Yet the two (both labour productivity
indexes) can give totally different answers". The disadvant-
ages associated with labour productivity could be summarised
as follows:

(1) Labour productivity alone does not take into account

| the influence of other input factors upon productivity
as a whole or upon labour productivity itself.

(ii) It is possible to deduce from the same set of figures
that labour productivity is increasing or decreasing
depending upon the definition of productivity chosen.

II. Index Number Approach

The general concept used in this model is similar to the
one outlined in the previous section. The only difference
in this case is that output and input statistics are com-
puted as an index number.
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Hines (33) suggests the use of the following formula

for this purpose:

LPT = Qutput Index = % qij N Lij/% qoj
~ Man-hours Index y
. iz o+ L L/ .
3 93 * To3/y og
where qij = current period quantities of product j.
Do = base period guantities of product j.
Lij = current period labour hours for product j.
LOj = base period unit labour hours for product j.

He c¢laims that this approach has the advantage of taking into
account changes in output mix and labour composition. While
the approaches ocutlined in the previous section totally
ignore this aspect, Broster (34) suggests the following:
index for measurement of labour productivity:

LT S

Ipr = 2.2 2©
g Toso
where Tn = Total labour time (man-years or man-hours),
period n.
SO = Labour time per unit of output, base period.
T, = Total labour time (man-years or man-hours),

base period.

He concludes that the above approach has the following

advantages:

(1) It is basically accurate given the acceptance of Laspeyres
criterion.

(2) It can be applied to each individual process separately
so that changes in factor productivity can be located
without difficulty.

(3) It can be manipulated to cover the whole company,
including the salaried staff; and

(4) It makes it easy to splice off an old item, or to splice

on a new item.

The disadvantages mentioned in previous section equally

apply to these techniques.
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ITI. Industrial Engineers Approach

! In the industrial engineering approach, productivity
measurement:is based on labour standards developed for each
segment of the work performed. Setting of standards has
been traditionally approached throuch work study (Ref.35).
Work study embraces:

1. Method Study.

2. Work Measurement.

-

The crucial aspect in measurement of labour product-
ivitiy is work measurement. To apply this technique success-
fully it is necessary to divide the workforce into direct
and indirect employees. We first loock at a?plication of
this technique to direct employees.

There are several work measurement technigues which can
be applied in setting standards (Ref.36). These include
time study, work sampling, synthetic time and historical
data. The appropriate technique for measurement depends on
the complexity, repetitiveness, and length of the task. For
description of these techniques see (Ref.37). Speed et al
(38) suggested the following ratios for measurement of
labour productivity:

e . _ Standard Times
Labour Utilization Time Taken X lQO%

Target Time
Standard Time .

Technical Index = X 100%

Target Time < 100%

|

Productivity Index

Time Taken
or
Productivity Index = Technical Index X Labour Utili-
zation.
where
Standard Time = The time taken when articles are

made at Standard performance, in-
cluding work content, contingency
allowances, unoccupied cycle time
and interference allowance, where

applicable.
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‘ ~~ Time Taken . = Actual time taken to produce an

| | article at any one period.

‘ ' Target Time = Time set by management as a
target of ultimate performance
with the most up~to~date equip-
ment and methods.

Erickson (39) suggests the following ratios:

__ Value of Standard Labour-in Production
Value of Standard Labour in Schedule

LabourfUtiliZation

X 100%

- Current S¥andard Hours

Gross Payroll x 100%

Gross Efficiency

Currxent Standard Labour Output
Departmental Payroll

Department Efficiency x 100%

Hewett (40) and McMahon (41), also suggest a number of
ratios. These are basically a mixture of the above two sets
of ratios and are not repeated here.

Law (9) contrasts the industrial engineers' and econo-
mists’ approach to the measurements of productivity. He
writes "in the I.E. approach, productivity would not in-
crease as a result of management actions. This is opposite
to what happens with economist measures. The reason is that
the management actions may result in an adjustment of labour
standards and the corresponding reduction in earned hours
would (if other factors remained constant) result in no
change in productivity. The industrial engineer views
direct labour productivity as dependent upon the effort
applied by each individual worker within the limits of the
methods and tools provided to do the job".

Tippett (42) loocks at the desirability: of these techniques
for comparison purposes. He writes "the method can be of use
only if there is standardization of time and method if the
object is comparing productivity of various firms. Also the
method is not very successful if it is applied for comparing
two vastly different industries.™
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Far indirect employees Aynadri et al (43) suggest a
work measurement approach based on the Fractional Professional
Estimate (FPE). This appréach has been used for measuring
the productivity of desigﬁ office workers. However, the
author claims that the technigue could be applied to any group
of indirect employees.

Millard (44) develops and evaluates Behavioural Expect~
ation Scales {BES) for evaluating indirect employees performance.
He reports two successful applications of this technique.

There are several other approaches to measurement of
indirect employees productivity. Interested readers are re-
ferred to references (45) and (46).

IVv. Other Apprcaches

Xirokostas et al (47) propose an analytical model in

which personnel is regressed on a set of physical variables.
The relation obtained is of the following form:

It

P f{xlf LA B 3 Xn, e}

where

P aggregate number of employees

a set of quantifiable variables related

lexzfctnn X
to man-power activities

n

€

1}

part of personnel which is not explained
by these variables

Authors (47) by manipulating the above relationship
have derived a set of labour productivity indices.

Bowey et al (48) measure the labour productivity by
means of seven parameters (e.g. average replacement periocd
for employees) which combine in a set of equations to
indicate an optimal pay 4acket.

4.3.2 Machine productivity

As already noted the primary focus of industrial engin-
eers in manufacturing companies has historically been on
controlling direct labour costs. However, as direct labour

continues to shrink in proportion to capital investment and




material costs, industrial engineering in corporations is
expanding its Scope (Ref.49).

In this section we briefly review two approaches to
measurement of machine productivity. Lorenz et al (50) in
their paper outline the method used at General Motors. They
write "the factors which affect machine:utilization are such
'that no single measure alone can adeguately serve as an
analysis tool". Consequently, three machine utilization
measures are recommended: actual utilization (Ua), standard
cost utilization (Usc) or planned utilization, and machiné
utilization efficiency (MUE). Actual utilization (Ua) repre-
sents the percent of time a machine actually runs, based
upon the total hours available to run the machine.

_ Productive Machine Time/Day

Ua(%) Total Time % ;OO
or
- . Good Pieces Produced (Pc/Day)
Ua(%) Gross Output (pieces for 24 hours)™ 100

Standard cost utilization (u ) represents the percent

of time a machine is expected (routed) to run, based upon the
total hours available to run the machine.

U '(%) - Total Time in Routed Standard Allowances

scC Total Time
X 100
U (%) = Routed Cutput {Pc/Pay) % 100

sC Gross Output (pieces for 24 hours)

Machine utilization efficiency (MUE) represents the ratio
between actual utilization and standard cost utilization. It
expresses, as a percent, the ratio of how well a machine
actually runs to how well a machine is expected (routed) to

run,
u_(%)

MUE (%)} = 'U—E-l—ﬁ) X 100
sSC

Dudley (51) uses the following formula:

Total Facility_ Adding Value % Adding Value
Productivity Facility Time Facility Rate
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The data necessary for calculating the facility pro—
ductivity is collected using activity sampling techniques.
For a more detailed account of procedures see References 51
and 52.

4.3.3 Capital productivity

Capital productivity could be defined as output per unit
of capital input. The methods for analysing capital product-
ivity at national level have been discussed in References 53,
54 and 55. Generally, the output per unit of capital input
is obtained by dividing the constant gross private product
by the net capital stock in domestic private economy.. These
measures have been used to explain the present paradox of
recession and unemployment with inflation (Ref.53).

At company level this type 6f measure is scarecely used.
In explaining the reasons for this lack of interest in captial
productivity Seitz (56) writes "Capital productivity is not
generally accepted by managers as a prime managerial tool.
A primary reason for this lack of acceptance is disagreement
over the proper measure of capital. The U.S. Department of
Commerce has 12 measures of captial stock. The use of differ=-
ent measures producés different trends in capital productivity".

4.3.4 Total factor productivity

Total factor productivity is defined as the ratio of
ocutput to all inputs. Any measure of output should include
all the resources generated by a company. Similarly, inputs
should include all the resources used in production of outputs.

To add heterogeneous outputs and inputs, a necessary
condition is measurement of all constituent elements of
numerator and denominator of the above ratio in common units.
Two different measurement units were identified.

These were:
(1}  Monetary Equivalent Units.

(1i) Time Equivalent Units.
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In the next sub-section.we will review the work of
authors who have recommended the use of monetary equivalent

units.

(L) Monetarv Eaguivalent Units

Kendrick et al (57) and Craig et al (58) have suggested
the following model, where all elements are measured in

monetary units.

Op

"L FCTITRFTO

TP

i

where TP Total Productivity
Total Output
Labour Input

Capital Input

O
Il

I

Raw Materials

O =m 0O M
]

Miscellaneous Goods and Services

They suggest various methods for bringing all measure-
ment into constant.unit terms to avoid the effects of inflation.
When a comparison of performance over time is being carried
out, a base year is usually selected against whose index the
indexes of subsequent years are compared.

The fundamental difference between these two approaches
is their treatment of output and capital input.

Craig e£ al (58) argue that dividends and interest
received from investments by the company must be included in
the output as input capital is used to generate this.
Kendrick et al (57) argue that interest and dividend income
should be excluded from the output of a manufacturing firm.

In the model suggested by Craig et .al (58) capital input

~ is annualized using the service value concept. Kendrick et

al (57) use 'Book' depreciation:allowances, a physical con-
cept. |

Clay (10) suggests the use of three indexes in total
productivity measurement. These are:

(1) Productivity Revenue IndexX.

(ii)  Capital Productivity Index.



(iii) Combined Productivity Index (Total Productivity).
He defines his total productivity index as follows:

_ (o) + (p)

IF = {m} + (n)

where

Adjusted costs year x.

Adjusted net worth year x.
= Revenue Productivity Index.

woo B 8
I

H

Capital Productivity Index.

to distinguish between contribution of various inputs. This
leads to counting the capital input twice, once as depreci-
ation in adjusted costs (m) -and for a second time in
networth (n). Also the method used for aggregating inputs
{e.g. purely accounting data) fails to take into consider-
ation the changes in job structures and material mix.

1I. Time Eguivalents Units

Smith et al (59), English (60), Langenbury (61) and
Faraday (62) recommend conversion of all inputs and outputs
to man-hour eguivalent. |

Waddington (63) defines total productivity as follows:

TP = Total Turn Over
(a+b+c+d+e) - (£f)

His approach is relatively simple. However, it fails
 where
a = Normal labour hours worked.
b = Overtime hours worked converted to
normal labour hours (i.e. total cost
of overtime divided by normal labour
hours cost).
_¢ = Subcontract costs converted to normal
labour hours (i.e. total sub-contract
costs divided by normal labour hours
cost) .
d = Facility costs converted to normal labour

~costs (i.e. facility costs divided by

normal labour hours cost}).
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e = Cost of purchased parts converted to normal
lzbour costs (i.e. purchases cost divided
by normal labour hours cosf).

f = Labour hours ide due to no work or lack

of orders.

Attempts to convert inputs and outputs to time equiva-
ient units have been criticised by various atuhors.
Easterfield (64) writes "there have been attempts to convert
money values of various inputs to man-power equivalent.

Such an exercise would be lengthy, subjective and it is
difficult to see what use the final result would be".
Glendinning (65) writes "the great weakness of this approach
lies .in the many assumptions that have to be made in con-
verting to a man-power equivalent such things as the
contribution made by use of machinery".

4.3.4a Total factor productivity, advantages and disadvantages

Advantages associated with total factor productivity
could be summarised below, (Refs.57,58):

(1) All inputs are considered enabling the inter-
relationships between them to be studied together
with their effects on overall productivity.

(ii) Changes in overall productivity can be traced to
thelr sources.

The principal disadvantages associated with measures
i
of total productivity are:

(1) The information required is often difficult to obtain
in the desired form.

(ii) The large volume of information required to perform a
full analysis. _

(iii)Statistical difficulties in combining heterogeneous

output and inputs.
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4,3.5. Added value measures

-

Qutput is measured as the value of productioh less any

excluded for the reasons given above.

externally pruchased materials and services,

These are ex-

cluded as they represent the output of other companies and
not the output of the company under consideration. Input
consists of labour and capital, materials and services being

As with other productivity measures within this general

concept there are variations in suggested procédures.

Smith (66) advocates that the effectiveness of an enter-

Performance .
Capital "

Performance

Material n
n

Usage
Level of Activity "

formulated as:

Employee ’ Added Value Per
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1 "
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assessing the effectiveness of an enterprise.

prise could be best assessed by the following ratios:

Wage and Salary
Working Capital
Fixed Asset
Capital Employed
Sales

Materials Used
Day

Added Value
Sales

Wage Salary
Capital Employed

Wood (67) also suggests a set of similar ratios for

Taylor et al (68) suggests a productivity model

= W= B)(i ﬁ(ﬁ ++M§})— EF —
w o Tf o Tp ot Bg}
where
8§ = Sales
C = Inventory Change
MP = Manufacturing Plant | [OFal Cutput
E = Exclusions
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W = Wages and Salaries

B = Benefits Labour Input

KW'= Working Capital

Kf = Fixed Capital

Fp = Investor Contribution Adjusted Investor INput
adjustment _

df = Price Deflator Factor

Dunning et al (69) define the efficiency of a firm as
the ratio of its "real cost" per unit of output produced.
They suggest a model formulated as:

T = &% qu* K ok
where

0 = Value of Net CQutput

P = Price of Net Output

WL = Actual Wage and Salary Bill
K = Book Value of Total Assets less Accumulated
pk Depreciation

gq* = Opportunity cost of capital

Cocks (70) uses index numbers instead of absolute out-
put and input values. The model is formulated as follows:

TFPI, = ;;%_
t
where
TFPIt = Index of total factor wroductivity in time
periocd t
OIt = Index of output in time period t
TFI, = Index of total factor input in time pericd t
TFIt is calculated using the following formula:
_ TFIt = aLIt +-BCIt '
where
LIt = Index of Labour Input in period t
CIt = Index of Capital Input in period t
o = Average Labour Shares of factor income

= Average, Capital Shares of factor income

_ He concluded that the index of total factor product-
ivity indicates the rate of change in the total factor

productivity of a f£irm.
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4.3.5a Advantages and disadvantages of added value

The proponents of added value argue. that net output is
the only satisfactory efficiency measure (71,72,73}, parti-
cularly in the short run, which is directly related to
resource input and which permits cdmparability'even between dis-
parate firms or departments. Gilchrist (74) writes "added value
or net ou;put,'is the method by which work is done in conversion
of raw materials or semi-finished goods can be satisfactorily
measured and related to the value of resources which have
been employed in the process, The relationship to the re-
sources employed is direct in that all raw materials
purchases and externally bought services are excluded, thus
only net output achieved remains. In fact it represents
both the net output and the net income of the fimm".

In summary, advantages of this method are:

(i) It measures the ability of a company to meet its
labour and capital costs in a year, i.e. wealth
creation. |

(ii) Outputs from various firms in a chain of supply can
be summed to give an overall output without double
counting.

(i1i) It is isolated from the effects of changes in make
or buy patterns.

The opponents of added value measure on the other hand
point out the shortcomings. Craig et al (58) argue that the
ratios put forward by the proponents of added value do not
meet the strict definition of total productivity quotients.
They write "value added index equals partial output over
partial input". Beattie (75) writes "in using value added
one confines the analysis strictly to what happens within
the firm, we have to ignore or give a reduced important
to those aspects of management which are concerned with the
goods and services purchased from outside organiszations”.

Broster (34) writes "added value fails to eliminate
the effect of changes in make or buy decisions completely.
This is because two of the constituents of value added are

\
profits and wages. A change in make or buy could cause an _
: |
|
|
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increase or decrease in profits, and the additional or dis-
placed labour may have wage rates different from those of
the rest of the labour force. It seems reasconable and
generally acceptable to allow such changes in profits to
reflect themselves in productivity. But it is questionable
wheter we would wish to allow arbitrary differences in wage
rates to effect our measure of productivity. There seems
to be no way of elimiﬁating the latter, so that we must

accept it as an inherent weakness of the value added approach

to productivity"

Disadvantages associated with this technique are

summarised below:

(1) Not all inputs actually used are 1ncluded in
the metheod.
(i1) The efficiency of resource usage is not measured.

(1ii) The measure fails to eliminate the effect of
changes in make or buy decisions.

(iv) The quality of materials can affect the sale
price of the end product, through the material
price and processing costs.

4.3.6 Productivity costing

Productivity costing is a systems engineered method of
integrated productivity measurement and conversion capacity
absorption cost accounting derived from productivity
measurement research (76,77,78). 1In characteristics it is
partly similar to direct costing. However, it shares some
of the marginal costing features as well.

Martin (79) advocates "the identification of the
activities which in any given case, constitute productlve
work in terms of end-objectives of the organization whose
productivity it is desired to measure". He proposes the
following method for an enterprise as a whole.

(1) Determine the cost per unit of potentially
productive equipment per normal unit of working
time by rational apportionment of all non-

productive personnel costs and overhead expenses

to the potentially productive fixed assets.

4
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(i1} Determine the productive to non-productive work
‘ratio by work sampling for each potentially
productive unit (personnel and equipment) for a

given period.

(iii) Determine the evaluated work productivity, or
evaluated productive efficiency E for the
entire establishment:

nm nm
m—-z;d c, B+ WE_O C,+ Py
E = mm nim
mzo Cm. f £=o G
m = potentially productive fixed asset
W = potentially productive worker
o, = cost per (fixed asset) unit of potentially
productive equipment per normal unit of work time
GW. = cost per potentially productive worker per normal
unit of work time {wage rate)
Py = productive work ratio for a potentially productive

unit of equipment ‘
P, = productive work ratio for a potentially productive

worker
n, = total units of potentially productive equipment
n, = total of potentially productive workers

In later publications (78,79,80) both Martin and Bahiri,
emphasise the contributions to the productivity of a firm of
individual products rather than of operating units. Thus,
the "productivity" of a product is measured by its
"efficiency" in making a profit. They advocate measuring
that work which is truly productive, i.e. in relation to the
objectives of the organization concerned. The basic

assumption is made (78) that an industrial gystem's operating
cost remains essentially stable over the whole normal range
of variation of the output of the system and, therefore,

once the productive facilities have been identified, pro-
ductivity can be measured by the total earnings of those
productive facilities and the rate at which each preoduct
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generates profit. They construct (80) variocus productivity
indexes taking into account all variable expenditure and a
minimal overhead apportionment based on optimal facilities
usage. The key index is the Productivity Index, given by
the total earnings of the product over the cost of producing
that product. Bahiri and Martin suggest that products can -
be ranked by means of this index.

Tolkowsky (8l) notes that productivity coéting‘highw
lights the costing of manufactured goods, the significance
of the degree of utilization of capacity and the impact of
idle time on the costs of production.

Eilon et al (82) criticise the use of "productivity
costing" for measurement of productivity at company level.
They write "this approach reflects a conception less closely
associated with the common connotation of "productivity"
than with the prevailing business concepts of profit margins

by product lines, and of allocations to svecified cost cate-

gories. As indicated by; its designation as "productivity
costing"”, the focus is entirely on costs (and revenue),
ignoring underlying physical resource flows and input factor
prices™.

Lee (83) sums up the advantages of this approach as
follows:

(i) The under-utilization of capacity is highlighted.
(1i) The impact of idle time on production costs is
demonstrated. '

And its disadvantages as:

(i} The technique requires the arbitrary apportionment of
non-direct costs of product costs..

(ii) Costs have to be divided into fixed and variable
groupings; a division not always easy to justify.
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4.3.7 Productivity analysis

The "productivity analysis" approach to measuring pro-
ductivity emphasies the inter-relationships between various
partial productivities. Bela Gold, the main protagonist of
this approach writes (84) "production usually involves inte-
grating the contributions of many kinds of materials and
purchased supplies, a variety of labour skills, numerous
types of capital facilities and equipment and a wide array
of technical and managerial efforts in order to fabricate a
range of products. Appraisals of the efficiency of this
entire complex of activities must obviously encompass all
of the inputs and outputs. |

Furthermore, he states that "to understand the phenomena
underlying the behaviour of productivity measures, one should
view them as a part of linkage system: a linkage system that
ties physical productivity measures to such managerial
criteria as return on investment or profitability”.

To meet the requirements stipulated above, he suggests
a "net work of productivity relationships" covering direct
inputs. This network consists of six ratios. Three show
" the input requirements per unit of output for labour,
materials and fixed investment., In the case of fixed invest-
ment, capacity is used rather than output, since capital
goods are not always fully utilized. The other three ratios
cover the proportions in which inputs are combined. Gold
argues that "by presenting productivity relationships as a
network of interactions, the approach emphasises that a
change in any component, such. as output per man-hour may be
merely the passive resultant of changes initiated elsewhere
in the network".

The network is further extended to reflect the relevant
cost relationships, changes which will affect profitability,
as measured by profit to total investment, the key managerial
control ratio. This analysis of the productivity ratios into
which profit to total investment can be broken down, reveals
the area responsible for changes in productivity and thus act
as a criterion for managerial action.
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He claims that this approach would meet the require-
ments of practical decision making by the management as it

provides information on:

(1) Changes in the level of each category of input
requirement per unit of output.

(ii) Changes in the proportions in which inputs are com-
bined. '

(iii)  Differences between the productivity of inputs when
they are fully utilized and when their contributions
are reduced by idleness.

(iv) Initiating units responsible for changes in aggregate
level of performance. .
Disadvantages of this technique are:

(1) The need for detailed information on number of units
produced and selling prices.

(11) The volume of information required to perform a full
analysis.

(iii) Difficulties inherent in estimating the productive
capacity of an enterprise particularly in the case of
batch manufacturing.

4,3.8 Productivity indexes

Another approach to productivity measurement is through
index numbers. An accepted form of such indexes is the ratio
of outputs to inputs. Such an index is generally referred to
as "total factor productivity index". This index has gone
through various stages of growth and application through the
efforts of maﬁy researchers, including Abramovitz (85),
Kendrick (86,87), Fabricant (88), Denison (89), Griliches
et al (90) and Christensen et al (91).

Basically, total factor productivity is the ratio of
"quantity of output produced to a weighted combination of
quantities of different input factors used". Denoting total
factor productivity by TFP and the level of production
activity (gross or net output) by V, we have




= quantity of input factor i
= an appropriate weight.

T

1,2,...n

Kendrick (87) expresses the "arithmetic index" for

total-factor-productivity growth rate (a) from base period

0 to period 1 as:

<
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where ATFP indicates the rate of change
productivity with respect to time, o is
and 1 is the current period.

of total factor
the base period,

Kurosawa (92) suggests an aggregate index number for

Integrating productivity and profitabili

ty, the effect of

scale of production and the effect of technical change. He

proposes the following formula:

('IP/Ilp) (IO/IT) = Iw
where
IP. = Index of price of products

I,57= Index of price of input factors

1r -

IP[&P = Index of relative price, effect of terms of

trade (ma:ket eﬁfgct}

I, = Index of outpdt of products

IT = Index of total input factors
IO/IT = Index of productivity

I,= ﬁl/wo_= Index of rentability

Mo = Cost rentability at base yea

Ty = Cost rentability at comparat

r

ive year

Rentability is defined as the ratico of total revenue

to total cost.
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He states that "there are various alternative ways of
constructing this analytical formula depending on how one
chooses to define the type of index". For a comprehensive
discussion see (Reference 92).

Roll et al (93) suggest a series of indexes for re-
lating each input factor to the output. They argue that,

for comparison purposes, use of established engineering

standards (design data, rated outputs, work study results)
would provide the best basis.

A series of indexes are formulated for intra and inter
plant comparisons. TFor detailed discussion see (Reference
93) -

The overall productivity of company B relative to

company A is, PB'A', given as:
Lz vi;? Q? o,
B .B
i Vij Qj c,
where
V?j = Actual input per unit of j in company A
Q?l = Quantity of product j produced at company A
c; = Respective input factor unit prices.

They conclude that "the overall economic productivity
of one plant (B) relative to some other ('Standard') plant,
(A) is the harmonic means of the respective physical single
factor productivities, weighted by the share of each factor
in the total production cost at the standard state".

The productivity indexes suffer from the general prob-
lems associated with index numbers. Regardless of the type
of index number formulation used (i.e. Laspeyres in its
modified or unmodified form, or Paasche) biases occur, either
overestimating or underestimating changes in TFP aggregates.

The indexes suggested by Roll et al (93) suffer from
the added disadvantage of relying on standards, Setting of

o
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standards is very often resented by the workforce and to
‘make it mbre acceptable many provisions are included making
the "standards" often very slack. Also updating of standards
involves in many cases heavy costs. PFor comparisdn purposes
the application of the suggested method is impracﬁicable
because of incompatible standards among enterprises.

4,3.9 Financial ratios

The most common method of analysing the performance of
a company is by the use of financial ratios. Such measures
are resorted to as a means of circumventing the problems
rooted in the heterogeneity of physical inputs and physical
outputs and in the difficulties of assessing the contri-
butions of the different inputs to producing the product in
question. By combining the outputs of different products.
into an aggregate of associated revenues (or profits) and by
combining the different inputs into one aggregate of assoc-
iated outlays or investments, ratios aré devised to reflect
the financial aspects of productivity relationships. How-.
ever, there are many variants of the common ratios reflecting
differences in the subdivision of total cost and total in-
vestments. In the following paragraphs we briefly examine
the most common methods of analysing the financial ratios.

- Dunning et al (11l2) argue that the problem of product-
ivity measurement should be approached by distinguishing
‘between interests of different pressure groups. In a
privately owned enterprise they recognise two such groups.
There are owners and controllers (managers) of capital. The
efficiency index of shareholders (including potential share-

holders) for the T firm in the jth industry is given as:
Py D
SEijzf{-T_A—'i'.A_'gj'oi}
i i
where
S Eij = the efficiency index of shareholders
P,
T%— = rate of return on total assets
i -
"D'i
A = debt/total asset ratio

P
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P

Gj = "cycl;cal" variance of = TA about its‘mean
when T%T_ls the average rate of return for
J the industry
0y = variance of ;%# about the industry mean

i
The managerial dtility functions were determined using
questionnaire. The results are tabulated in Table 4.1.

From this it was clear that managers attached primary
importance to the rate of return on total assets. After
~this appeared the growth in sales; and only after this came
the rate of return on shareholders' funds. Accordingly,
the efficiency index of managers, mE,., is defined as a

_ 1]
function of:

P
{a) the rate of return on total assets TK_
{b) the rate of growth of sales éi £ %%

(¢) the rate of return on sharefholders' funds
and hence:

Pi - Dl
mEn:f{"T'X;' Si'ﬁ‘;'“}

Risk (113) takes the return'’on investment as a starting
point and suggests that by dividing assets between depart-
ments, the respective ratios of output (at cost) to. assets
could be used to measure the perfbrmance of individual
departments or cost centres., Alternatively, return on in-
vestment (profit/cash invested) could be regarded as a
function of operating profitability {(profit/production
revenue) and capital productivity (production revenﬁe/net
assets), and these ratios are further ‘subdivided among com-

‘ponent departments. Fig.4.1 illustrates Risk's approach.




TABLE 4.1

FINANCIAL INDICATORS COMMONLY USED BY MANAGEMENT

‘ Not
1st 2nd 3rd 4th 5th Listed Total
Rate. of Return on _

Total Assets | 52:8 22.0 10.2 12.6 2.4 _lOO
‘Growth of Total Assets 3.1 7.1 18.1 27.6 33.9 10.4 100
Rate of Return on "
| Shareholders 16.5 22.8 18fl 20.5 11.8 10.2 100
Funds
Growth of Sales 25.2 30.7 26 .0 15.7 - 2.4 100
Growth of Market Shares 6.3 15.0 | 20.5 11.8 | 18.9 27.6 100
Source Dunning and Rowan (Ref.112)

....ZQ'[_



- 103 -

The practical work of the Centre for Interfirm

 Comparisons (Ref.l14) in Britain is also based on a pyramid

of financial input-financial outpur ratios as shown in
Pig.4.2, Return on éapital, again the key ratio (as with
Risk), can be seen to depend on ratios 2 and 3, and these in
turn depend on the relationships between sales and profits
{and therefore costs, on the left~hand side of the pyranid)
and béﬁweeh sales and assets shown on the right-hand side).
The further breakdown on the left-hand side represents the
proportions of total sales value accounted for by various
cost categories. On the right-hand side, the breakdown
represents the proportioné of component categories of assets
to the total value of sales. Both sets of ratios can be
used, of course, as the basis for setting performance
targets and for measuring performance relative to such
targets. But the interpretation of such measures of the
proportionate composition of costs and of assets as product-.
ivity measures cbviously reflects a highly specific concern
with certain financial aspects of performance, which need not
be closely related to the common connotations of the concept
of productivity.

Sir Arnold Weinstock (115), the Chairman of GEC,
suggest seven ratios for assessing the overall efficiency
and productivity of a company. The ratios and his reasons
for selecting them are:
Profit -

(1} - ' : This reflects the earning power
Capital Employed_ of capital
- Profit Lo s
(1) ~SaTes : To indicate the profit margin
Caay _Sales - - '
(£iz] . : To show the company's net capital
- Capital Employed productivity, i.e. efficiency
through the ability to generate
business from a given volume of
assets
(iv) | oales :+ The productivity of Fixed Assets
- Fixgq Assets v ‘p _ Y - T
(v) %%%%% © 1t Indicates the efficiency of -
Production and Stock Control
{wvi) —>ales : A broad measﬁre of labour product-
Employees ivity | .
P ,
{vii) Eﬁg§g§%§g : Reflects labour productivity and

the ability to meet pay increases
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For comparisbn purposes the above ratios should only
be applied to differing divisions of one company or differ-
ing companies in one sector of industry.

4.3.9a Advantages and disadvantages

Norman (118) cites two reasons for the popularity of
financial ratios; (1) they are sufficiently plausible to
appeal  to the business enterpreneur, and (2) they are de-
fined enough for the production engineer-cum~manager.
Beattie (75) argues that the rate of return is the best
measure of managerial efficiency for the following reasons:

(1) It is more closely related to primary management
| obﬁective.
(ii) Tt enables a more useful analysis to be made of
the reasons for high or low efficiency.

Lee (83) sums up the advantages of financial ratios
as: ' .
(i) The information required for the chosen index is
usually available from internal accounts.
(11) If sufficient information is disclosed it should
be possible to perform inter-company comparisons.

Financial ratios as a means of assessing the product-
ivity of an enterprise have been criticised on several
counts. Bahiri et al (117) objecte +to the variable basis
used for valuation of different aséets, the fact that "bhook
values” have no relationship either to actual or to replace-
ment costs, and the basis which the depreciation costs are
calculated"., They concluded that rate of return cannot meet
the major objectives of the whole organization.

Ball (72) also criticises the use of financial ratioss:

- he states that "one of the fundamental deficiencies of the

characteristics profits, sales, and capital data which are
presented to shareholders and discussed by the financial
press, is that they fail to distinguish between demand and
supply factors and between those factors that are controlled
by the firm and those that are external to it. High profits
or high rates of return on capital do not necessarily
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indicate an efficient use of resources, for they reflect not
only the use of resources but also elements of monopoly that
exist in particular markets (not forgetting Government's
monetary policy and extent of Trade Union organization).

Greenberg (4) argues that numerator and dencminator of
financial ratios are composed of two basic elements, price

‘and quantity of output and input resources. As such measures

fail to distinguish between these two elements, it is
impossible to ascertain the true cause of observed changes.

'Speed et al (38) criticise the concept of "“return on
assect empioyed" on the ground that it is too general. They
state, "managers responsible for production must have more
specific data so that they can assess not only performance
as such, but compare it with what might have been achieved."

The disadvantages of financial ratios 'are summarised

below:

(i) There is a high specific concern with financial
aspects of performance rather than a combination
of physical and financial measures.

(ii) There are distinct problems with the valuation

of assets.

(iii) Problems of distortion also occur in times of
significant inflation. '

4,.3.10 Standard costing and budgetary control

Standard costing and budgetarv control are technigues
developed by cost accountants. Understandably these are
financially oriented. Most companies maintain some sort of
budgetary control. These accounting systems record the
performance of all individuals and groups in terms of ex-
pense and contribution teo company's'profits. If used
properly, budgeting systems involve detailed planning for
all functions within a company, with the results expressed

in terms of planned income and expense. In this sense budgets

represent a commitment to achieve a given level of revenue.
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Performéncé against these commitments (actual versus plan)
is measured through accounting records. Improvements in
both operatihg and marketing performance show up as favour-
able variances. This represents improved ocutput, and are
expressed in terms of increased return on investment. For
a detailed discussion of the subject see Reference (118).

The criticism often levelled against budgetary control
is that it does not reveal the potential utilization of
labour and machines. Alsc there is a need for frequent
review of standards and kudgets. If a tight control is not
maintained, then meaningless variances occur frequently.

4.3.11 Transfer pricing

Horngren (119) suggests two measures of the nroduct-
ivity of a cost or profit centre: the rate of return on
investment, and transfer prices. The significance of rate
of return on investment was discussed in Section 4.3.9. For
tactical or planning purposes, Horngren argues that transfer
prices can be used as a measure of "efficiency”, if supplying
divisions meet all bonafide outside price competition and if
orders are kept within the company as long as market prices
are no less than variable manufacturing costs. This approach
is obviously applicable to firms in which finished products
are fairly homogeneous and are transferred from one division.
to another. Where transfers consist of goods and services
produced entirely for internal consumption and not offered
for direct sale to the market, transfer prices often lose
significance. Even more important for present purposes,
transfer prices offer even less direct measures of product-

|
|
?
ivity adjustments than the costs on which they are based
{and which have already been reviewed as one of the proposed
approaches to productivity measurement) . Nor does the

requirement of excluding external supplies (unless.their

prices fall below the internal division's variable manu-

facturing costs) ensure a much closer relationship between
transfer prices and Froductivity levels, especially in

industries with substantial fixed costs and distribution

charges.
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4,3.12 Unit costs or'consumption rates

Unit costs or consumption rates are simply the inverse
of either partial or total productivity ratios. As with
productivity ratios, these approaches are simple in concept
and have as their objectives for improved productivity the
minimization of the production cost of each unit of output.

Amey (120} one of the ﬁéin protagonists of this approach
speculates that the businessman's ideal position is the
achievement of minimum long-run unit costs which will lead
to the optimization of costs, profit and output. Each firm
has a number of production possibilities open to it, i.e.
feasible combinations of physical inputs and output per unit
of time. Connecting these output and input combinations,
there will be a boundary relationship such that no input can
pe decreased without a decline in output. This boundary
defines the efficient production set or production function.
The state of technical knowledge, input prices and demand
conditions are assumed to be known. Any output must be pro-
duced with input combinations such that total cost is a
minimum within the technological limitations:imposed by the
production function. The output should be selected which
maxmizes net revenue (profit). The efficient allocation of
resources has several elements contained within it including,
productivity, profitability and unit costs. Profitability,
however, may reflect the operation of factors other than
efficiency such as the firm's degree of mondpoly. In
addition, the efficient use of resources has two distinct

aspects:

(1) Allocation; how best to deploy limited real re-~

' sources in the production of unlimited array of
goods and services. This is basically the

choice of what to produce and in what guantity.

(ii) Utilization: how to produce any given set of
goods or services efficiently with due regard
for productivity and costs.

Goodeve (121) suggests the use of consumption ratios
for assessing the productivity of a given plant and for

inter and intra plants comparisons. The consumption rate is




“defined as the ratio of input to output. He argues that
these ratios are much more basic than costs because they are
related only to equipment, the process and the organization.
In other words, they are related to those things that are.
under managers' control. '

Knayer (122) argues that "productivity” ratios suffer
from a great mathematical disadvantage in so far that it is
not possible to add productivities in departments or the
stages of operations to cbtain the firms total productivity.
The inverse of the ratio i.e. "consumption® ratio does not
suffer from this disadvantage because it is possible te add
these ratios for various production processes or departments
to obtain the total unit costs of a firm,

4,3.13 Analytical approaches to measurements of productivity

As the term "analytical" implies, these types of

relationships and procedures. This is a significant depart-
ure, as other techniques reviewed previously were empirical.

In surveying the literature we identified five such
appfoaches. These were:

I. Mathematical Programming

II. Utility Functions
ITI. Progress Functions
1v. Frontier Production Functions (Farrell's Model)

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
\
approaches are based on heuristic or theoretical mathematical }
|
|
\
\
|
|
|
|
|
|
|
|
|
|
|
|
|

V. Production Functions
' |
|

In the following sub-sections, we briefly review each of
the above techniques. '

I. Mathematical Programming

In general, mathematical programming could be employed
to find the critical limiting factors in any given productive
process. This modelling technique is generally concerned
with the optimization of a single objective function, which
either reflects a single objective specified by management
or a weighted sum of several objectives,




Simon (94) argues that there are two distinet approaches
to the use of firm's resources: optimizing and satisficing.
In optimizaﬁing, the manager attempts to maximize or mini-
mize a given function; in satisficing he attempts to reach
a feasible solution which will be 'good enocugh'. Eilon ({95)
discusses in detail téchniques available for dealing with
multi-goal problems. .

Ijiri (96) proposes the "goal programminaformulation“.
This is a variant to the single objective function appreoach
in mathematical programming. He starts with a set of
desirable goals or targets associated with defined measures
of performaﬁce, some financial, others physical and proceeds
to measure the extent to which these targets are "missed":
"underages” in the case of short falls and "overages" when
the targets are exceeded. He then constructs an objective
function of weighted averages and'underages, so that when
the function is minimized, a solution is cbtained as close as
poSsible to the given set of goals.

A major merit of this goal programming approach is that
it highlights the critical constraining variables in the
system:and thereby directs the attention of the manager to
the area of greatest concern. The disadvantage.of the method
lies in the fact that the goals (be they expressed“in terms
of ocutputs, inputs, use of plant, or financial ratios) are
essentially arbitrary and reflect a desire to relate to some
past performance criteria or to heed certain constraints im-

posed on the system. The problem of comparing the performance

of two units remains unresolved, unless specific performance
measures are defined, including a ranking or weighting pro-
cedure to reduce all such measures to a single denominator.
Goal programming may, therefore, be regarded as a useful
planning tool, but it is not very amenable to measuring
productivity.

ITI, Utility Functions

Stewart (97) defines productivity as the ratio of per-
formance toward organizational objectives to the totality of

input parameters. He argues that the majority of organizations
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have a multi-diménsional goal structure so that the perform-
ance along each of these dimensions is relevant to the level
of the total productivity of the organization. Furthermore,
he argues that level of attainments in each of organization's
goals could be combined to obtain a single measure of pro-
ductivity, using the utility concept and surrogate measures.
A surrogate measure is one which is used in place of another.
In the present context this simply means, construction of a
measurement system which includes key activities, closely
linked with the total productivity of an organization.

He advocates use of participative methods for deter-
mining key measures and their surrogates. The same technique
should be used in assigning utility values to these measures.

Stewart's method although very interesting suffers from
serious shortcomings. The most important is the use of
surrogate measures. In practice it would be very difficult
to identify such key measures, and also what might be a key
measure today may not be one tomorrow. The second difficulty
concerns the identification of goals. The perception of what
constitutes goals of an organization varies considerably
according to one's position in the organizational hierarchy
and functional interest.

III. Progress (Cost) Functions

Progress Functions (learning gurves) were first pro-
posed and used, to measure manufacturing progress in the

~aircraft industry, by Wright (99). Since then many industries

have accepted predictions from progress functions in such
applications as cost, productivity estimates and personnel
reguirements (100,101,102,103).

A progress function is a mathemaﬁical relationship
between the average cost (or time) and cumulative production
given by:

a(x) =07y, . xA

where
b4 = cumulative productibn
Xy = cost (time} to produce the fiyst unit
a({x) = average cost (time) for first x units
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The exponent X depends upon the learning rates i.e. it is a =
measure of the rate of reduction. For an indepth explanation
of progress function see (Ref.1l00).

Improvements in unit cost (or time) particularly over
long runs is not due to increasing cumulative production
{Ref.100) . The progress function does not show how or why
progress has occurred. There is nbthing in thefnéture of
the statistic "cumulative output" that directly bears on
manufacturing cost or productivity. Nevertheless, the pro-
gress function model has been used to predict cost, time
.estimates and productivities. The equation introduced above
could be equally applied to a given process or a series of
processes.

The main weakness of the progress function in estimating
productivity, is its failure to take inteo account the impact
of capital equipment. '

IV. Frontier Production Function (Farrell's Proposition)

Farrell (104) attempts to measure the "technical
efficiencY"'of a productive unit through the concept of an
"efficient production function". His technigue is best ex-
plainted by means of an example. Suppose a productive system
produces a sindgle output from two inputs; the locus of all
points of the most efficient way of producing a given output
from combinations of the two inputs is called the "efficient
productive function" and is shown as line EBE's in Fig.4.3.
Note that this isogquant is convex to the origin and no point
may lie between this curve and the origin.

All points on curve EBE' are said to be equally efficient,
while point A is said to be less efficient, since it reguires
more inputs than, say, point B for the production of the same
output. The ratio OB/OA may then be regarded as a gquanti-
‘tative measure of the efficiency of a system operating at
'point A. PFarrell claims this method could easily be extended
to a multi-input-single output case, or to that involving
single input-multi-cutput.
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Fig.4.3 Efficient Production Functiecn

Sahgal (105) has applied Farrell's method to eleven
2=-input éingle output plants. He concludes that the method
suffers from two main shortcomings. First, it is not extend-
able in its simple form to tﬁe multi-input-multi-output case.
Secondly, there are serious theoretical and practical diffic-
ulties in cdonstructing the "efficient production function"

- i.e. frontier isoquant, except in very simple or trivial
cases. Even when there are no ambiguities in the definition
and measurement of inputs and outputs, a sufficiently large
number of points describing individual operating systems needs
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to be assembled before a lower bounding envelope (which is
then interpreted as the "most efficient") can be drawn.

V. Production Functions

Production Functioné describe the relationship between -
output and input factors. The mathematical formulae relat-
ing outputs and inputs are derived from empirical observations.
There are several such relationsﬂips.' The best known and
most widely used is the Cobb-Douglas production function (106).
This function is of the form:

p = aL% k°
where

K

actual outputs.

il

a measure of the labour factor input
a measure of the capital factor input

b o B ¢
Il

& 5, B are scale and elasticity constants

The other widely used function is known as "the constant
elasticity of substitution production function". This function
was popularised by Arrow et al (1l07) and is of the form:

P-e= UK-e + dL-e

where

actual outputs o
a measure of the labour factor input

a measure of the capital factor input

e S~ I e B v
I

(M ,8 are integration constants

Klatz (149) has compared advantages, disadvantages and
estimation problems of various production functions.

Chenery (108) examines the physical principals of each
process and attempts to build up aggregate functions for
the firm. Ferguson (109} also tries to use this engineering
approach. However, neither attempt proved successful
because of the complex nature of relationships and number
of simplifying assumpticns made.

Applications of production functions include the ldenti-
fication of productivity trends, productivity differences
between nations and industries, and explanations of the
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causes of rising productivity (110,111,148). Most of these
studies deal with macroeconomic situations.

Production functions have several shortcbminqs; The
first is their inability to deal with multi-output and in-
put'cases." The second, is the assumption that factors are
substitutable, ignoring that factors may be complementary.
The third, is the aggrégation prcblem. As a measure of

- productivity, it suffers from a serious disadvantage in
" that the function does not represent the maximum possible

output at a given levelcof input.

4.4 Productivity Improvements

The literature dealing with the means of improving
productivity is wvast. It ranges from papers dealing with
technological to organizational to behavioural aspects of
an enterprise. Quite clearly the task of even briefly
reviewing this wide array of possibilities, requires a great
deal of time. As the fopic is beyond the scope of the present
work, we restrict the review to providing a short 'list of
references.

In the technological field, Evanson et al (126) deal
with productivity gains resulting from automation, Hughes et
al (127) look at the effects of flexible manufacturing
systems, and Mitrofanov (128) discusses the benefits of
group machining methods. For more references see (129 and
130).

Possible gains in productivity through organizational
changes and effective managements are discussed in References
131,132,133,134,135,136 and 137. These deal with topics
such as mainténance (133,134), work~in-progress management
(132), communications (137), planning (131) and value
analysis (136). =

The behavioural field is mainly concerned with topics
such as job enrichment (138) and incentive payment schemes
(139,140,141) . These are not in any sense an exhaustive
list of references and more are provided in the Bibliography.




4.5 Productivity Bargaining

Productivity~linked wage agreements were popularised in

the 1960's by government legislation. The 1965 and 1967 White

Papers on Prices and Incomes allowed pay increases above the
norm; "where the employee concerned, for example by accept-

ing more exacting work or a major change in work practices,

make a direct contribution towards increasing productivity -
in the particular firm or industry".

T.G. Smith (30) defines productivity bargaining as a
trade off between management's desire to improve utilization
etc. and a union's desire to improve pay and conditions. In
his book he seeks "to prove that this process does not repre-
sent a practical method of raising total preoductivity". He .
then records the number of agreements in the U.K. (covered
in a survey published in 1969) which involved the removal
of restrictive practices and the introduction of technological
change, such as speeding up or replacing machinery, abolition
of tea hreaks, increased flexibility between crafts, reduction
in manning etc. He points out the commonly accepted notion
of a measurement of productivity based on a reduction of
costs per unit of output or on a reduction in overtime hours,
but he questions whether such meésures reflect growth in out-
put and he repeatedly states that labour productivity is only
a partial definition of productivity, echoing similar state-
ments from other writers (see, for example, (1l42}}-

The National Board for Prices and Incomes (143) con-

- clude® that "the theme of productivity agreements in the

1960's in the U.K. was largely centred on providing changes
in working practices for the purpose of improving the
utilization of both capital and labour, in return for

improvements in pay".

Other examples of notable texts devoted to productivity
bargaining are those by E.O. Smith (144), who concentrates
on the British Steel Corporation as a case study, and by
Flanders (145) who discusses a well-known case in the oil
industry. For a more detalled analysis of this topic see
also (Refs.146,147).

~
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4.6 Conclusions

The review of published studies of productivity adjust-
ments reveals widespread differences concerning the nature of
productivity gains, the effective means of measuring them
and the evaluation of their effect. The most perwasive
concept of productivity associates it clearly with the
technological concept of efficiency as revealed by changes
in the level of output derived from a given volume of inputs.
The other widely accepted definition of productivity is re-
‘lated to the engineers' concept of efficiency - the ratio of
actual output to potential output. For detailed discussion'

see Chapter 3.

Clearly, some of the measures reviewed reflect conceptions
closely related with the technological concept and engineer-
ing concepts of productivity. These are "Total Factor
Productivity”, "Added Value Producitivity", "Productivity
Costing", "Productivity Analysis", "Productivity Indexes",
"Progress Function" and "Production Function” approaches.

Setting aside these essentially physcial input-physical ‘
output relationships, others have emphasized that with respect
to economic actvities, changes in physical efficiency must be
appraised in terms of resultingradjustments in the economy
of process, as reflected in measures. such as unit costs and ‘
to a lesser extent transfer pricing. Still others stress
that changes in profitability are the over-riding ., criteria
in evaluations of adjustments in performance. These include
Financial Ratios and Budgetary Control techniques. Goal
programming and utility functions are directed towards identi-
fying the critical limiting factors in any given pfoductive

process.

It is obvious, of course, that such diverse conceptions
tend to produce disparate findings. But it is algo clear
that each is relevant and, indeed, signfficant.' However,
we have limited our research to measures which reflect the

most common conceptions of productivity.
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Accordingly, in the following chapter we discuss in-
detail the "Total Factor Produétivity", "Added Value Pro-
ductivity", "Productivity Costing", "Productivity Analysis",
and "Production Functions" concepts. Furthermore, the
apolications of these techniques are demonstrated with the
aid of case studies. The "Productivity Indexes" and
"Progress Function" approaches to measurement of productivity
were ignored because the former is essentially gimilar in
characteristics to the "Total Factor Productivity"” and the
latter to the "Production Functicns".
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5.1 Introduction Coa

In Section 3.2 (Chapter 3) we reviewed the definitions
of productivity. This led us to conclude that productivity
is most commonly defined as a ratio of outputs to all or some
of the inputs. Furthermore, two types of productivity
measures were identified; Total Factor Productivity; and
Partial Productivity (Section 3.3, Chapter 3)., In this
chapter we are concerned with the "Total Factor Productivity"
measurement at plant level.

Total factor productivity is defined as the ratio of
total output of an enterprise to all inputs expanded in
producing the output (Refs.l,2,3,4,5,6). The main advant-
ages associlated with this measure are: elimination of sub-
stitution effects and the ability to assess the efficiency
of a system as a whole.

Generally, management has been slow to institute
measures of company productivity performance for the entire
enterprise, plant, division, or product (Ref.l). r Failure
to do so has been in part owing to scepticism as to the

-usefulness of such measures: what can productivity indexes

reveal that is not already shown by the usual accounting
statements? But the lack of more rapid progress in-company
productivity measurement also has in part been the result

of a lack of definitive thgoretical work at the level of

the firm, unfamiliarity with the productivity concept and
inexperience in the use of measures of company productivity
performance. There are also reservations as to the accuracy
of such measures desplte the fact, as shown later, that
productivity estimates do not make use of conventions any
more arbitrary than those customarily used in preparing
accounting estimates. Indeed conventions used in productivity

measurement are often more rigorously defined.

5.2 Total Factor Productivity Model

In Section 3.3 (Chapter 3) we noted that total factor
productivity estimates are based on the possibility of

estimating changes in physical value of outputs and inputs,




or conversely the ability of expressing the outputs and in-
puts in constant terms over the selected time pexiod.

Broadly, the output of a manufacturing enterprise is
the saleable products it produces. The inputs necessary to
produce the desired output generally are capital, labour,
material and miscellaneocus. By miscellaneous we mean inputs’
which are necessary for the operaticn of the enterprise but
which cannot be placed exclusively in any of the other three
categories of inputs. |

The total factorrprbductivity of a company can be stated
as follows: (Ref.l,2)

0t
P " TFC R FO (5.1)
where
P, = total productivity
L = labour input factor
C = capital input factor
R = raw materials and purchased parts input factor
Q = other miscellanecus goods and services input factor
Ot = total output
The total output Ot is defined as follows: -
ot = op + R + Mp + I, (5.2)
where .
Op = production output
R . = revenues received from sources other than the
production effort
Mp = goods manufactured in plant e.g. internally
produced tools, maintenance, etc.
Ic = intangible capital outlays e.g. research and

development

The general concept of total productivity is relatively
clear cut compared with the operational concept, which in-
volves many detailed definitional and statistical problems.
These were outlined in Section 3.7; in particular, diffic-

ulties faced by the analyst include:
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(1) measuring outputs whose characteristics may change

' over time; o

(2) defining and ﬁeasuring real capital stocks and 'inputs’,
as well as labour and material inputs when the character-
istics of factors are divers and changing;

.and
. {3} problems of aggregating heterogeneoué units of output

and input.

These problems would exist even if data were perfect,
but as can be seen from the two case studies presented in
Chapter 6, there are data'problems which could be bridged
only by manipulation. However, the informational gaps must
be limited in size if the productivity estimates are to have
the necessary degree of accuracy. It is important to note
that in our experience the basic data required, are collected
but not always kept. The informational gap could be filled
guite easily if an organization decided to adopt the tech-
nique.

-The following sections are devoted to discussing the
gtatistical techniques of measuring the variegated arrays
of inputs and outputs,

5.3 Units of Measurements

The denominator of Equation 5.1 consists of four terms;
Labour; Capital: raw materials and purchased parts; and
other inputs. The initial problem is specifying a technique
which would facilitate the meaningful summation of diverse
compenents of the denominator., There are essentially two
different solutions to this problem: (1) weighting of each
component by an appropriately devised weight, and (2) com-~
puting the monthly, guarterly, yearly etc., contributions
of each input component in a common unit.

For the weighting technique to be meaningful one has

to convert the numerator and dencominator of the equation

5.1 to index numbers. The weights should primarily reflect
the relative contribution of each input factor to the
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production of goods, One method of estimating these weights
is to compute their average share of income. The approach
is similar to the method used by the National Income
Accountants for computing the average labour and capital
shares of national factor income (Ref.?). This method of
calculating productivity is discussed more fully in Chapter
7 and applied in the case study presented in Chapter 8.

The second approach outlined above calls for the
regular measurement of inputs in units, which allows their
meaningful summation, There are basically two types of
measurement units which could be gainfully employed;

(1) Time Equivalent; and (2) Monetary. Conversion of all
tnputs to time or man hours equivalent was first suggested
by Smith et al (8). The technique requires prior calcul~
ation of a series of conversion factors., This approach has
been criticised by many writers. (Refs.9,10). The author
shares their view and considers the technique to be in-
appropriate because of (1) the immense statistical difficult-
ies in converting the non-labour inputs to labour units,

and (2) the many assumptions that have to be made in con-
verting to a man-power eguivalent contribution of material,
capital and other inputs. Consequently, in this'study we

did not attempt to-use the time equivalent units.- "This is
not to say that the technique is inappropriate in all cases.
Indeed, many specialists in the field of productivity measure-
ment (4,11} argue that man~hours eguivalent are the most
appropriate units for developing physical measures of inputs
and outpus,

As will be seen in the following chapters a monetary
unit was utilized in measurement of outputs and inputs. The
main reason for this choice was the extensive use of monetary

values by companies in expressing the components of Equation
5.1.
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5.4 Measurement of Outputs

In Section 3.7.1 we outlined the potential difficulties
likely to be encountered in the measurement of output of an
enterprise. This section is devoted to discussing the points
raised in Section 3.7.1 and suggests statistical technigues
for measurement of outputs. ' |

Physical quantities such as number value, weight, or
volume are the simplest measures of output. Howéver, these
are only useful where the products are few with relatively
uniform characteristics. ' |

Clearly in the case of an enterprise producihg a diverse
range of products, the use of physical units has a very
limited value; adding quantities of products with widely
different utility values yields a meaningless measure. SO
the initial problem is to devise a weighting system, which
allows the aggregation of contributions of widely different
products into a single output measure.

The two most logical weights for the purpose of aggré-
gating the output of a multi~-product firm are: the unit
production time (man-hour equivalent) and the monetary value

of the product.

The time concept is used extensively in industry, at all
levels, for measurement of aggregated output. The dutput in
terms of standard hours of production is calculated by multi-
plying the product quantities and standard production times.
G:eenberg (11) argues that man-hours are the most appropriate

- units for developing a measure of the physical output of a

firm. Because this measure is not affected by shifts in the
proportion of goods manufactured, differences in market value
of products, or changes in prices. However, time egquivalent
units suffer from several shortcomings, when the measure is -
to be used in total factor productivity assessments. Firstly,
the output of a company is not restricted only to its pro-
duction output and the time equivalent cannot be used
objectively in case of these outher outputs. Secondly, time
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| equivalents fundameﬁtally reflect the importance of oﬁly one

resource, namely labour, and ignores the contribution of other
resources. Thirdly, standard times do not reflect the: |
economic significance of the productidn equipment used,

e.g., 1f a product has a standard production time of two
Toyys byt the facihlithes uytilized in its manufacture are

the run~of-the-mill machines and another product which also
has a standard time of two hours but its production involves
the use of a set of highly specialised machines; then the
addition bf’standard'production times ignores the utility
value of the equipment. .Finally it is desirable and indeed
more meaningful for the denominator and the numerator of
Equation 3.1 to have the same units of measurements, use of
time eguivalents leaves the problem of comparability unre-
soclved. It is important to mention here that from purely
mathematical considerations it is permissible £o have
different measurement units for the numerator and denominator
of Equation 3.1l. However, from a practical point of view, it

"would be difficult to interpret the values obtained.

Monetary values are the other weights which are used
frequencly by economists to aggregate the diverse outputs
of a company. Monetary weights enable the measurement of
the relative contribution to output of different products
in terms of their relative economic values, taking into
account the cost of all regources. TFurthermore,. the
measurement of inputs in monetary terms is more feasible,
{see 5.3) thus, making it possible to express the numerator
and denominator of the productivity ratio, (Equation 5.1) in
the same measurement units. Within the general umbrella of
monetary values there are two distinct weighting factors,
namely cost or prices. The latter, suffers from one dis~
advantage compared to the former in that it does not
accurately reflect the market pressures, especially in
short runs. Also price weight not only reflects the cost
of all resources absorbed but also the overlay of profits.
Greenberg (11) points out the disadvantages of using selling
prices. He writes "The selling price of a commodity is in-
fluenced by several factors: cost of materials, labour,
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overheads, allogated capital depreciation, and markup or

profit, When the first of thes factors, cost of materials, * }

is roughly in the same proportion for each of the final out- }

puts of the firm, its inclusion in the output measure will }

introduce no serious bias or distortion., Sometimes, however, }

there is a substantial variation in the cost of materials }

for different p;o@ucts made by the same firm. ?his can ocgur }

because different raw materials are used or because components }

with different degrees of fabrication are purchased". The }

~author feels that the above criticism is justified only in ;

the case of companies whose product characteristics change ;

over short periods of time (e.g. electronic manufacturers) |

and where there has heen a substantial change in the ratio

of raw materials to fabricated components. This is not to :

say that selling price weight are perfect. However, the use }

of selling price weights represents an "economically- :

oriented concept of physical output" (Ref.l1l2), the measure |
required in productivity assessments,

:
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Based on the above discussion, in measurement of total
factor productivity demonstrated in the following chapter),
selling price weights were used for aggregating the outputs.
The use of monetary units (price weights) enables the
analyst, in the absence of unit price data, to utilize-the
sales revenue information which is invariably always
available.

5.4.1 Monetary aggregation of output

The aggregate production output of a firm for the
purpose of determining the changes in physical value of out-
put is defined as the summation of all units produced times
their selling prices., This can be stated mathematically as

follows:
Q_, = P,.U, . . 5.3
where B § PR | |
Opi = production cutput in period i
Pj = price/unit for item j in base period
3 = numper of units of item type j produced in

period i




There are two pitfalls to this method: new products
and quality changes, where base-year selling prices'clearly
do not apply. There is no best way to tackle this problem.
However, in the case of quality changes it is possible to use
an adjustment method based on dividing the actual price of
the improved product into two components (Ref,3)}: what would
have been the price of the unimproved product if it had
sharéd the average price adjustment of other product cate-
goties between the two years being compared, and the
differential change in price presumably attributable to the
differential change in quality. Then the actual quantity of
output in the affected category during the second period
would be multiplied by the ratio of its actual price to its
"would have been" price to allow for the fact that each unit
of the improved product represents more output than the un-
improved version. Finally, this adjusted quantity in the
second period would be multiplied by the base-year price.
However, 1f the current product line becomes significantly
different from that of the base year, a change in the base
year used is suggested. ‘

The procedures explained above do not solve the whole
problem. The new model or quality of the product very likely
yields the consumer.some surplus.of utility or use_ value over
and above the change in price compared with that of the old
model product. This is strikingly evidenced in the early
history of certain products, such as the automobile, radio
and television, when striking improvements in quality were
associated with reduction in unit costs and prices. ' To cope
with this problem it is necessary to try to assign value to
the improvements in the various product characteristics.

This is possible when there is an array of gqualities of a
product available at the same time, but over a time the
lower-price qualities are gradually improved to incorporate
the characteristics of the previocusly high-quality types.

Tt is then feasible to study the effects of differences of
varicus characteristics on relative prices and to assign
values to these differences, as in the case of automobiles
(Re£.13) . |
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New products also present difficulties. The main
problem is created by the fact that the new product, by
definition, is introduced after the base period. A common
convention 1is to extrapolate the initial period price back
to the base period by the price movement of a closely
related product or product's group. An alternative pro-
cedure is to cost the new item in terms of standard costs
of the base period and then add to it avérage brofit margin
achieved in the base period. This problem could also be
nandled simply by including only the period in which the
product has actually been produced. This leads to some
errors. However, the errors would usually be very small
because new products typically account for only a modest
proportion of total output initially (Ref.1l). In the longer
term, if the product characteristics of the company changes
significantly then the base period should be changed.

The second approach is based on the use of revenue data
present in the company's account. The monetary values can
always be considered as being the product of physical units
and prices, consequently the value changes can be broken
into their basic constituent elements. As we are intereéted
in physical changes of ocutput the task before us is to'keep
the price constituerit constant so any fluctuations are”due to
changes in the physical component. This can be achieved by
deflating the revenue by a specially constructed price index
so that the revenue is transformed to a "constant price"
measure. |

If the complete data is at hand and the product port-
folio does not vary significantly, it is immaterial whether
the output is computed usine the Equation 5.3 or by deflating
the sales revenue information by the internally constructed
price index. 1In either case, we obtain a constant-value
aggregate representing units combined by base-period price
weights. ' _

In practice, as shown later, the choice between weighting |
units by prices or deflating values by price indexes depend on -
the relative availability and reliability of the appropriate
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sets of data. Often in the case of companies with large pro-
duct range much time is saved, deflating the revenue inform-
ation by an index of representative prices, especially if it
is known that prices of a whole product 'family® tend to
fluctuate with the prices of certain major items in the

family.

In the assessment of total productivity interest is
obviously focussed on measuring total current production, not
just the physical value of shipment. This means, that regard-
less of the method used, the values must be adjusted for '
inventory changes. Inventories are of two kinds: finished
good inventories and work-in~progress inventories. The
finished goods inventories do not present any special problem;
they are treated as units sold. This means an addition to
output if finished good inventories have increased over the
period, and a deduction if sales have reduced the stock.
Work-in-progree inventories are more difficult to deal with
because each batch is at various degrees of completion.
Generally, work-in-progress goods are valued at cost; thus
to obtain the real change, two types of deflating factors can
be used (Ref.l). The most appropriate index is the weighted
index number of average hourly earnings of labour and of the
prices of raw materials used in the production procésses. In
the absence of such an index it is possible to use the price

index for the finished goods.

5.4.2 Multiple regression analysis

A special problem in measuring thé output of a batch
produce¢ is: the fact that so many of the final ocutputs
oroduced in one time period are different from those produced
in the next time period. This lack of product uniformity
over time makes it quite difficult to establish comparability
of output measures. The seriousness of this problem obviously
depends on the nature of a company's operatioms. Generally
it is more manifest in companies with "Jobbing Shop"

characteristics.
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This problem could be overcome by measuring the output

of a company in terms of the component 1t prodﬁces rather
than its end products. The procedure requires the identi=- |
~ fication of basic components, which are added to or modified

in some way to produce the final output. Using the multiple
regression technique it is possible to relate the output
(sales revenue, standard cost of production, cost of production,
or man-hours equivalent) tohfhe physical number of components
produced. The formulae derived typically has the following

form:
n - :

0, =K+ iil C; q i=1,2,3, «..oon (5.4)
where

0_ = production output

P .th :

q; = i component quantity

c; = 1™ regression coefficient

K = regression constant

The operational aspect of this technique is demonstrated
in the following chapter. Here it suffices to say that the
output values computed using this technique are independent

of product mix. When using monetary values the technique

also offers a novel way of computing the output in constant

terms. As the formula derived for a particular perlod can

be used to calculate the output in any subsequent perlod

using quantity data only. ‘

5.5 Miscellaneous OQutputs

Section 5.4 was devoted to discussing the techniques. ‘
useful in determining the physical changes in production |
output,.op, of a firm. This section is accorded.to discussing
the treatment of the intangible outputs of the firm such as,
goods manufactured in plant, Mp, intangible capital outlays,
I
effort, R.

and revenues received from sources other than productlon
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5.5.1 Miscellaneous revenues:; R

By miscellaneous revenues we mean income received f£rom
sources other than production. These include dividends from
securities and interests from bonds and other such sources.
Craig and Harris (2) argue that this type of revenue should

‘be included in the output of a company, as a portion of the

input factors are being employed to produce such incomes.

These output components must also be adjusted to their
base year values. Other authors (1) argue that such incomes
should only be included in the case of financial companies.
e.g. banks, etc.

It is not possible to generalize as to whether such
revenues should be included or excluded from the output of a
firm. However, the author feels that this class of revenue
should be included in the case of all companies if they place
a load on resources.

When assessing the ocutput of a conglomorate it is imperi-
tive to include the revenues generated by subsidiary sales and
interplant transfers. 1In fact interplant transfers present
special problems when such transfers are conducted on cost
only basis. This problem can be overcome by using transfer
prices which reflect the market place values of the goods.

In fact, in our studies the transfer prices charged were based
on the cost plus marginal profit. Generally, the new concept
of accounting (Ref.l4) calls for treatment of each unit as a
cost and profit centre and hence the move toward charging
realistic transfer prices.

5.5.2 Goods manufacture in plant; M

Account should be taken of the production of capital goods
which could be purchased from cutside sources but are produced
internally. These include such items as internal maintenance
and repairs, internally-produced machinery and equipment.

These items, while not contributing directly to the pro-
duction output, should be included as an output, because the

real costs (labour in terms of salaries and wages and purchased
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raw materials and services) are included as a component of
the total input, and therefore the total results of that in-
put should be recognized in terms of its contribution to

the cutput (Ref.l5).

Hence, these expenditures, which are typically charged
to capital account, should be deflated and added to the other
current production output for the purposes of productivity
measurement, The importance of this component of output
clearly varies from firm to firm and industry to industry.

5.5.3 ZIntangible capital outlays; I

A more difficult problem is posed in the case of in-
tangible capital outlays such as long-range research and
development expenditures, and possibly those made in con-
nection with some basic types of educational and training
programs, and for advertising and public relations. These
outlays, while generally charged to current exXpenses, repre-
sent a kind of investment in that they are not related to
the results in the current accounting period, but are expectéd
to enhance the productivity of the firm in future years,

The output of these activities, hdwever, is extra-
ordinarily difficult’ to define operationally. One way to
treat the matter is to include the real costs of intangible
Investments in output as well as input. The drawback to
this procedure is that no productivity advance is attributed
to such outlays. But since intangible-investments are usually
a minor fraction of total outlays, the understatement becomes
lessened if some allowance 1s made in output, assuming that
research and development and related expenditures constitute
an increasing fraction of real costs (Ref.l).

An alternative technique is to exclude the real costs of
intangible investment from both input and output; but this
method diminishes the comprehensiveness of the measure.
Another alternative is to compute productivity changes on the
narrower basis and then impute the estimated productivity
changes in current production to the real costs of intangible




- 144 -

investment. This procedure. removes the downward bias noted
earlier from the comprehensive ocutput measures.

5.6 Measurement of Inputs

It is clear from Section 5.2 that there are four major
categoxries of inputs. In terms of cost these could be
broken into labour compensation; cost of materials; capital
costs; and miscellaneous costs suchias cost of contractual
services; indirect materials and indirect business taxes.
As with the output in productivity measurement interest
centres around estimating the changes in the physical wvalue
of these inputs. . ' |

This section is devoted to defining various statistical
techniques available for the measurement of inputs and also
the major difficulties likely to be encountered.

5.6.,1 Labour: L

As with output, labour input can be estimated using
either purely physical dimensions or monetary dimensions.
Physicai measure of labour input can itself be divided into
two categories, namely, the number of persons engaged or the
timeAexpanded in production. The argument used for measuring
the labour input in terms of the number of persons engaged in
production, convertedto "full-time equivalent” to take care
of part-time workers; is that changes in weekly hours do not
have a proportionate effect on output per person (Ref.l).

This may be so, particularly when hours per week are very long,
but in general, output is closely correlated with hours worked, |
even if the relation is not proportionate. More important from
the viewpoint of the worker, the real cost of his labour in
the sense of disuitility to him and opportunities forgone for
alternative activities is best measured in terms of hours.
When such terms are used to measure labour input of various
types, changes in' average hours worked per week or per year
may be viewed as one of the forces affecting productivity.

Por the above reason in purely physical units "man~hour" is

preferable to the "number of employees". The computation of
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man~-hour is simple as most firms keep track of production
worker man-hours worked, and hours of non-productive work

~could easily and accurately be estimated. Man-hour has one’
~very important weakness in that it fails to take into account

the utility value of different classes of labour and also
neglects the substitution of one type of labour for another.

These problems are overcome by moving from the purely
physical measures to monetary measures. This means weighting
physical units of labour by the rate of pay, as this rate of
pay-should reflect the utility and economical value of each
class of labour,

Before we discuss the weighting method, it is important
to draw the attention of the readers to several practical
tssues which must be considered. One concerns the treatment
of employees who are not directly involved with production
(regardless of method of compensation). The second issue |
concerns the inclusion or exclusion of wvarious fringe
benefits. The third gquestion concerns the treatment of
overtime. Finally in the case of direct production workers
should one use the man~hours worked or man-hocurs paid for.
Dealing with the last question first, there are two schools
of thought. The adyocates of the first approach argue that
an employer is hiring time on the job, and increasing time
paid for off the job, is merely an indirect way of increasing
the compensationper hour actually worked. In other words,
the hour paid for but not worked is fictitiocus form the
technological viewpoint of production process (although not
for the payroll), and productivity measures are concerned
with real input-output relations (Ref.11l). The advocates of
the second approach argue that the time paid for is the sig-
nificant variable in terms of real cost to employer, and as
total productivity measurement encompasses the total input,
éime patd for should be used, in fact U.S. Bureau of Labour
Statistics uses this approach (16}). The author agrees with
the second point of view, and in the case studies presented
in Chapter 6 we exclusively use the latter approach. As

far as the first three issues are concerned, for the reason
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just stated, the labour input is defined to include wages,
salaries, fringe benefits and overtime payments, as well as
direct wages. : '

Theoretically, individuals could all have different
salaries or wage rates, but a more usuwal situation is where
employees are separated into various job classifications, by
virtue of their skill or the function they perform, that have
more or less identical base wage rates or salaries. The -
direct labour inpﬁt (usually wage earners) could be defined
as follows: - ' '

L, = E Hyp oW, - K =12, ,..n (5.5)
where

Lwi = direct labour input {(wage earners) in period i

Hik = number of hours attended by employees in

, category X in period i

Wk = base period wage rate for category k,

including overtime

The indirect labour input (usually salary earners) could
be defined as follows: '

Lai = I MyeeSi K= L23.n (5.6
where . _
Ly; = indirect labour input (salary earners)
in period i
Nik = number of employees in category k in period i
Sk_ = base period salary for category k

As noted, labour input should include employees fringe
benefits. This could be defined as:

Lgy = % Fix 9
where
Lfi = labour input, employees fringé benefits in
-period i
Fik = fringe benefits for category k in period i
d = deflating factor
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The deflating factor could be defined as:

af = (1+1, | o (5.7)
j=o )
where
Ij = inflation rate for the period, j periods back
from the present period
b = the number of periods the current period is

removed from the base period

The total labour input, L., is the sum of wages, salaries,

~and fringe benefits as follows:

L, =L , + L + L

i wi si

£1 (5.8)_

Difficulties similar to those inherent in the output
computation are found in labour input calculations. These
could be solved using the methods described in Section 5.4.1.

An glternative approach could be uséﬁ based on a payroll
audit in cases where. detailled data is not available for
computation of labour input'as‘deséribed above. The mone-
tary value of employees, compensation shown on payrolls can
always be considered as being the product of physical units
and wage rates. Consequently the. value changes. ¢can_be
broken into these basic constituent elements. The monetary
constituent, as discussed in Section 5.4.1, could be kept
constant by deflating the payroll data by an appropriate
index.

Various approaches to computing the labour input dis-
cussed in this section are demonstrated in the following
chapter.

Methods and problems encountered in computation of
material input are very similar to those discussed in the
case of output calculations (see Sections 5.4 and 5.4.1).
Briefly, raw materials and purchased part input factors
are the sum of products of the current periocd consumption




value and base period cost. Mathematically this can be
stated as follows:

R, =} VoM | (5.9)

3
where

Ri = material input for the current, or'ith
period

Vij = volume of material type j consumed in
period i

Mj = base period cost for material j

An alternative approach involves deflating the material
cost by an appropriate price index to determine the material
input in constant price terms,

5.6.3 Capital input; C

The measurement of capital input is conceptually and
computationally the most difficult. This in fact accounts
for the insistence of companies to measure their effective-
ness in terms of labour productivity, as measurement of
labour input is relatively simple, compared to estimating
the capital input. However, capital input can be estimated
using procedures which provide reasonable approximation in
most instances. THese are discussed below. — — 777~

The first measurement problems concerns definitions.
The capital of a company is composed of tangible assets
(structures, machinery, equipment and inventories) and
intangible or financial assets (cash, notes and accounts
receilvable). Both tangible and financial assets are re- ‘
guired for the production of a company's output. Therefore,
a comprehensive measure of a company's capital resources
devoted to its production should include both tangible and
intangible capital. The second problem concerns the
guestion: what is the capital input? Broadly speaking,

capital input can be viewed as the physical use of equipment;

opportunity cost of employing the capital; service value of
capital; or sacrifice by investors.
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One method of approximating’the capital consumed in a
production process (physical view of capital input) is the
use of depreciaﬁion values. However, there are several
serious drawbacks attached to this approach. Firstly,
factual observation does not determine in any precise way
the annual depreciation charge for an asset, considerable

‘variation in the charge is possible. Secondly, the expendi-

ture or sacrifice by a éompany in connection with a
depreciable asset arises out of the purchase decision and
not the depreciation decision. Therefore, in contrast
with labour or material expenses,idepreciation expenses can
never be identified uniquely with any given time period.

Another approach to measuriné the capital input recom-
mended by Dunning et al (17) involwves multiplication of
total asset less accummulated depreciation by opportunity
cost of capital. The opportunity cost of capital is defined
as the maximum or maiden rate of return for a given section
of industry in which the company under consideration operates.
This approach is simple and in the absence of data for the
procedures described below, provides a satisfactory means of
annualizing the capital input. It is important to note that
as book values stated in balance sheets are in terms of
purchase values at the time of acquisition it is nebéssary
to inflate these values using appropriate price indexes.
Thes indexes are considered more fully in Chapter 6.

In the following sections we describe two methods for °
annualizing the cpaital input of a company. They make use
of service value and investor contribution concepts of capital.

5.6.3a Service value of capital

The concept of service value of capital best fulfils the
productivity measurement requirements because it is a flow
concept and hence compatible with output and other input
factors required for the measurement of productivity (Ref,2).

There are various concepts of service values of capital.
The concept which best fulfils the productivity measurement
requirement is a concept of lease value. The use of the
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leasing concept for determining the capital input can be

best explained by assuming that the firm has a leasing sub-
sidiary to buy the land, building and equipment. The leasing
subsidiary also supplies current assets and expects a return
from them. The capital input term is then the.payment made
to the leasing subsidiary.

A typical leése is in the form of an annuity. This
leads to a uniforﬁ annual capital input. The amount for a
piece of capital equipment depends on four factors: the cost
of the asset, the productive life of the asset, the desired
rate of return to the lessor and the estimated salvage value.
The cost of the asset is simply the asset's original purchase
price, plus any preparation and installation cost necessary.
These costs must be deflated or inflated, as the case may be,
to the base year values using an appropriate deflating factor.
The productive life and salvage value terms must be estimated
for each item, and the minimum attractive rate of return is
derived from cost of capital theory.

In the model described above, lessors are stock-holders
and debtors, and a proper rate of return for them is derived
from the cost of capital theory. The required rate of return
is defined as the cost of capital in the base year, where the
cost of capital is caluclated by a weighted average metﬁbd,
for the fuller description of technique see Ref.18. The
capital input factor is defined as the sum of the annuity
. values calculated for each asset on the basis of its base
year cost, productive life, salvage value and the firm's
cost of capital. Then

cy =§ c.lj o j=1,2,...n (5.10)
where
cij.= uniform annual (annuity) cost for item j
in period i
Cy = capital input for iFh‘period

In initiating a study of this type, it is necessary to
obtain a complete inventory of all the capital. This

information in the majority of cases, is not readily available,

particularly in the case of older assets.




As stated, cash accounts receivable, securities, invent-

ory, and other liquid assets are also part of the capital

input factor, The service cost of these assets is calculated
in the manner similar to that just described above. The
major difference is that ligquid assets can be assumed to

 have an indefinite productive life; therefore their costs

are calculated on the basis of a perpetuity rather than an

‘anhuity. -Input costs for these assets are calculated by the

general formula Kwi X I, where Kwi is the value of the asset
in base year terms and I is the base year cost of capital
for the firm. '

5.6.3b Investor contribution concept

Investor contribution is rather a simple approach to
annualizing capital input. The investor contribution is
defined as real net capital (i.e. capital after depreciation)
for each year weighted by the rate of return in base year.
The investor contribution should be deflated, using an
appropriate deflating factor, to 'the base year walues.

Mathematically this can be stated as follows:

and - o : e i s e
P .
b ‘ .
P, = g5 (5.12)
b wa + be

where
C; = capltal input for period i
K . = working capital for period i

K:i = fixed capital for period i

F, = investor contribution adjustment
Pb = profit before tax in base year
wa = working capital in base year

b = fixed capital in base year

O TR
I

g = deflating factor

Investor contribution concept is justified on the basis
that capital input is what investors expect from sacrifice
of their capital (Ref.l15). Indeed, as can be seen from the




case studies, computation‘of capital using the investor
contribution concept is much simpler than computation of
capital based on the service value concept.

5.6.3c Stock of capital approach

This is the approach advocated by the U.S. Labour Bureau
of Statistics (19). They state that the purpose of the
capital input measure is to get an estimate of the stock of
capital at any point in time so that this stock is represent-
ative of the physical amount of capital being used by the
company. Computationally, the measurement of net fixed

‘capital stocks is described by the following formulas. -

n
tgl GS,, = -§1 (GI,, - Ry J/Pyy  t=1,2,0..n |
(5.13)
where
Gsit = gross stock of class i of_equipment or
gstructures in year t
GIit = gross investment of class i of equipment
or structures in year t
Rip = retirements of class i of eguipment or
structures in year t
Pip = price deflator associated with class i of
equipment or structures in year t oo
and n ©n )
tg._l'NSit = t‘-z=l (G8,, = D, /P;,) £=1,2,...n
(5.14)
where
NS,, = net stock of class i of equipment or
structures in year t
D, + = depreciation of class i of equipment or

structures in year t

Retirements are those assets that are no longer economi-~
cally usable and are discarded. The time period associated
with t is determined by the service lives asscociated with

each class of egquipment or structures.
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‘ ' ‘ ' The other component of capital is the working capital
which consists of notes, accounts receivable and inventories.
In this'approach the input due to notes and accounts
receivables are ignored. Hence, in this method the final
component of capital input is inventories. Conceptually,
inventories can be broken into two categories: materials
and finished goeds stocks which include in-process inventories.
. The real value of inventories is measured using the following

,fomula:
RI-tf = MIt/PMIt + _FGIt/PFGIt t = 1,2...n
(5.15)

where

RT, = value of real inventories in time t

MIt = materials inventories in time periocd t

FGIt_= finished good stocks including in-process

© inventories in time period t
PMIt = index of purchased'price of materials in

~ time period t
, PFGIé = index of price of manufactured goods in
time period t

This computation requires_the generation of two price
indexes, PMI and PFGI, the index of purchased price of .
materials and index of price of manufactured goods.

5.7  Miscellaneous Goods and Services Input; Q

As stated in Section 5.2, apart from the three main
categories of inputs, i.e. material, labour and capital,
it is possible to identify a fourth cost category termed
here as "miscellaneous goods and services". A typical
example of this category of inputs are the non-productive
materials (materials which do not appear in the final pro-
duct), utilities (heat, light, power), cost of computer
time used, job-advertising, and patents, etc, These items
are obviously necessary for the operation of a company and
should be included in inputs as without them there would be
no output. However, each of these specific inputs should
be expressed in terms of base period cost by using an

appropriate price deflator.




Indirect business taxes in some cases form a significant
part of miscellaneous cost category. However, there are
various opinions as to whether these should be included as
an input or whether they should be subtracted from the out-
put of a company. These ideas are discussed more fully in
the following sectioen.

 8,7.1 Indirect business taxes

Craig and Harris (2) argue that indirect business
taxes should be included as an input measure, even though
it is impossible to link a government service directly to a
tax, it is rational to consider taxes as a quasi-licence fee.
In other words, if a firm wants to producé and sell certain
products, the firm is obliged to pay the related business
taxes,

On the other hand, Kendrich et al (1) argue that as
business taxes are not direct payments for specific govern-
mental services, there is no equivalent input behind the
tax expenses - and in any case the services of government
are mostly too intangible and general to be measured. There-
fore, a workable convention is to measure the real wvalue of
output exclusive of lndlrect business taxes by deducting in
each time period the base period ratio of indirect business
taxes to value of output.

5.8 " Choice of Base Period -

When financial weights are used, it is necessary to
measure the output and inputs in constant values with refer-

ence to a base period, Consequently the other part of the

basic problem of measuring aggregates outputs and inputs in
real term, has to do with the selection of the base period
from which relative prices are chosen for weighting guantities
(or the period in which the price deflators are set at 100.0).

There is a tendency for relative movements in guantities

and in prices {of both outpus and inputs) to be negatively
correlated {(Ref.20). That is, purchases tend to be shifted
towards items that are becoming relatively cheapter. Thus




the more recent the base pericd, the smaller the épparent
increase in the real aggregate. Since both outputs and in-
puts tend to be similarly affected by alternative weight
basis, the differential effect on movement of productivity
ratios is generally not great., But it should be pointed out
that to some extent the movement of aggregate (hence the
results) is affected by weighting convention.

A common convention is to welght series for recent years
by the relative prices of a recent, relatively normal, aver-

"age level production year (Ref.l). As can be seen later,

this is especially important in computation of rate of
return for capital. A year in which a company sustains a
loss must be avoided. The base year or period should be one
in which the profit rate is close to average over one or
more business cycles. As the structure of production and
prices change the base weight should be changed perhaps
every five or ten years. In the case of dynamic companies,
the changes should obvicusly be more fregquent. ~However,

it is important to link the new series to the old, in a

way, that weights reflect the contemperaneous structure of
production and price in successive segments of time span over
which comparisons are being made.

-
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To summarize, the base period selected should have the
following attributes:

(1) It should be comparatively recent.

(2} It should approximate closely the average output
of past time periods.

(3} It should include no major aberrations.

The effect of base year on aggregated output and input
is discussed fully in Section 10.2.2.g (Chapter 10).

5.9  Primary Sources of Productivity Adjustments

An increase in output relative to total associated
tangible inputs signifies an advance in 'productive
efficiency’', a term we us synonymously with total factor
productivity. The question is what causes changes in
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productive efficiency. Broadly, the factors causing vari-
ations in productive efficiency can be divided into short
and long term constituents (Ref.1l).

The changes in operating circumstances which are most
likely to account for short term variations in productivity
levels are: alterations in the product composition of out-
put; flﬁctuations in the'rates of utilization of capacity;
adjustments in product design; changes in the gquality of
inputs, especially in labour and materials; and advances in
the effectiveness with which operations are integrated. All
of these may engender either increases or decreases in
productivity levels during short periods. ~Among the cate-
gories of changes in industrial operations, the greatest
adjustments within short periods are likely to be those in-
volving the product composition of output and in particular
changes in rates of utilization of capacity, although abrupt
changes may on occasion affect the quality of labour and
materials inputs as well. Departures from the most efficient
rate of utilization, as in recession or in periods of forced
draft, increase real cost per unit and decrease productivity;
conversely, recovery towards normal rates of operations tends
. to increase efficiency. |

Over intermediéte and lbnger periods, productivié;
indexes} as measured between years of comparable rates of
operations in two or more business cycles, reflect primarily
changes in technology and organization of production (Ref.
21). At the company level, for ecample, it may mean:

(11 more and better machinery and equipment per worker;

(2) more economical use and advances in quality of inputs,
especially of material and capital; (3) altered plant lay- -
outs and work flows; (4) improved organization;:

(5) relinquishing of certain activities or the acquiring of
new activities; (6) expanded training programs; (7) improved
labour relations; (8) generally re-organized management pro-
cedures; or (9) tendency towards greater specialization.
Part of the increased productivity may come from outside

the firm: from better machines or materials supplied by
firms in other industries, although company management deserves
credit for making the changes.
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5.10 Use of ProdﬁctivityﬂMeasurement‘

A record of past productivity changes is helpful in
budgeting expenses in relation to the sales forecast for the
coming period; Costs may be calculated by multiplying the
physical units of input by their prices. Historical product-
tvity measures relating to individual inputs (together with
‘engineering studies) provide a background for projecting
unit requirements; when combined with price expectations, a
projection of total expenditure for the various cost items
emerges. In a multiplant, multi-product company, use of such
~historical estimates and projections by plant and product will
provide greater precision in company measures.

A variant of the budgeting use of productivity ratios
can be helpful in management discussions preparatory to
collective bargaining (Ref.22). If all the costs except
labour have been budgeted, the effects on total costs per
unit of output of alternative wage patterns can be computed
to show their probable effect on prices or on profit margins
if there is no control over prices. This makes possible a
more rational management bargaining position. Other things
being equal, 1f the company's productivity trends are seen
to be below the industry or national averagde, greater pressure

can be placed on the labour force to moderate their wage in-
crease demands than if the reverse situation prevails.

The historical productivity ratios are particularly
useful in long rangeprojection of labour, materials and
capital requirements. Obviously, management cannot project
past productivity trends without consideration of probable
Impact of major technological changes that are in making.
But trend projections, modified by engineering judgements,
provide the basis for estimates of unit requirements for ,
major inputs; when these requirements are combined with sales
estimates in physical units, total input requirements by
type emerges. These long range regquirement estimates are
important for financial planning, personnel requirements
and training policy, and materials procurement strategy.
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The measurement of total factor productivity is useful
in comparing the efficiency of two or more plants, or two
or more companies, and finally a firm and a relevant sector
of industry. The comparison of efficiencies is particularly
useful in cases of multi-plant companies..

Despite the many possible uses, it should be emphasized
that productivity indexes are not all-purpose measures.
While they do measure changes in productive efficiency,
they do not implicitly measure changes affecting other
aspects of management efficiency, such as marketing-new-
products, purcahsing and adaptation of known technologies, or
to changes in relative prices of inputs. Productivity
estimates are recommended only as a supplement to the other
statistical tools generally used by the management.

5.11 Productivity and Profit Measures

Why measure productivity when the accepted ultimate
measure of management success is, of course, the bottom line
on the profit and loss statement. A favourable trend of net
income and rate of return on capital relative to similar
companies and to business generally, is the orthodox goal
and measure of management. |

» s e e e a—— e e b

This approach is adopted not only by many managers, but
also by some economists (Ref.23). Thus, for example; it has
been argued that the rate of return on capital is the best
measure of the productivity of the enterprise. The author
disagrees with this view. Ball (24) argues that in order
to make sense out of the rate of return crtierion, it must
be assumed that capital is the limiting scarce resource and
that its amount is given. But generally speaking this is
not the case. Most large companies, in terms of assets at
least, do not face capital rationing., There is no logic at
all to producing at higher total costs and so making less
profit per unit of net output in order to maintain a high
rate of profit on capital. This is not to be confused with
the use of the rate'of return on capital to be obtained on
alternative investments. If a company has £1,000,000 to

S
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‘Spend out of undistributed profit it is of course entirely
rational to choose the investment that yields the highest
rate of return. But it is not rational for the company to
predetermine the amount of capital it is going to use to
produce a given output ignoring the price of capital and the
prices -of other productive factors. A firm with a high rate
of return on capital hay be using a below optimum mix of
factors in production} |

The above argument is true not only in the case of
return on capital, but also in the case of other financial
ratios based on analysis of the profit and loss account and
balance sheet.

None of these ratios provide information concerning the
efficiency of converting the inputs to outputs (Ref.l), so
vital for internal control, Furthermore, the rate of return
on capital can be affected by market forces such as favour-
able shifts in demand, selling price fluctuations, special
purchasing economies. This measure can cause a good profit
picture to obscure a basic loss of efficiency in the short
run. Also, earning statements are based primarily on
current values, but depreciation is not in current wvalues.
Likewise, balance sheets include many items purchased by
the company in earlier years at historical costs.

As well as their responsibilities towards the investors,
management is responsible for adjustments in the level and
. composition of the physical inputs and outputs through which
financial inflows are converted into larger financial returns.
Therefore, the need for measuring the efficiency of this con-
version process. This is only possible when real output is
related to total inputs of a firm, in fact' productivity |
ratios provide managmenet with operating criteria through
which they can control the conversion process.
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6.1 Introduction

In Chapter 5 a general framework for the measurement
of total factor productivity at enterprise level was devel~
oped in some detail, including the concepts and wvarious
possible means of estimating the outputs and inputs. Two
‘empirical studies in batch manufacturing industry were
undertaken with thg object of testing the general applica=
bility of the technique and detefmining the uéefulness of

such measures as perceived by managers.

The main difficulty attached to such empirical studies
is gaining access to confidential information of companies,
required for total factor productivity analysis., In this
respect we were lucky in that two major industrial companies
gave us access and their full cocperatiocn, and for this we
are most grateful to the companies in question.

The framework for collection of data was derived from
Equations 5.1 and 5.2 which required information about:
guantities and prices of outputs; sales revenue; price and
quantities of material and labour (direct and indirect) in-
puts; cost of material purchases; total cost of employment;
cost of miscellaneous goods and services; rate of return
on capital; net stock of capital (fixed and working—capital);
inventory of capital; changes in finished goods, materials
and work-in-progress inventories; revenues received from
sources other than the production effort; cost of goods
manufactured in plant; and cost of intangible capital
outlays. ' '

The actual sources used for collecting the above
mentioned data included: production schedules, salés
tnvoices, profit and loss accounts, balance sheet and
manpower statistics.

It is important to state here that the following dis-
cussion of total factor productivity measurement is not and
could not be an exhaustive "manual of instructions". We
attempt to explain the problems of data collection, major
estimating difficulties and various methods of dealing with
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them, But, in view of the many diverse industries and even
greatef diversity among companies, specific instructions
for all conceivable situations that might arise obviously
cannot bhe supplied.

This case study refers to Company A. The background of
the company is discussed in the following sections.

6.2.1  Background -

Company A is situated in the North of England, and is
part of a large conglomorate., Its turnover for the financial
year 1979/80 was £5M. It has 350 employees, and produces
integral shaft bearings for use in automotive waterpumps.
The products are divided, according to the size of the
outer rings diameter. There -are seven main product cate-
gories. The production is organized along orthodox batch
lines. The average batch size of products is nine thousand
and product lead time is about three weeks. The firm makes
to order for both home and overseas markets. The exports
are conducted through the parent company's subsidiaries.
Transfers between Company A and the parent company's over-
seas subsidiaries are on a market pricé basis.. . The whole
data collection took about six months. However, not all of
this time was spent in collecting the data necessary for
historical total factor productivity analysis; part of the
time was spent in collecting information required for
analysing the product's productivity and derivation of
econometric production functions. The historical data was
assemhled fdr the previous four and a half years as the
beginhing of this period coincided with the introduction
of 'Constat' accounting practice into the Company's
accounting system, The Company's productivity was analysed
for this span of time, Furthermore, a more comprehensive
analysis was carried out for the past two and half years.
This was due to the lack of detailed data beyond this time
period. In either case the interval between each measure-
ment was $ix months.
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6§.2.2 Output

The data required for computation of the aggregated
physical output was obtained from the management accounting
package, production records, and delivery schedules. For
the purpose of comparison, output was computed using both
purely phjsical and monetary units,

Physical units provide the Simplest measures of output.
Company A's "Production Statement" presents two such
measures: (1) number of units produced, (2) standard hours
of production. The latter was ignored for reasons mentioned
in Section 5.4. The former is calculated by multiplying the
number of products produced by their respective standard
hours of production (standard times were established using a
stop watch) and adding these together. The ocutput in terms
of standard hours of production is presented in Table 6.la.

The management of the parent company had recognised
that because of inflation, revenue .did not provide a wholly
consistent basis for comparing one output with another.
Conseguently, a measure called "constat" was developed for
assessing the output in constant terms. The company's:
finance manual defines "constat" as follows:

"A constat is a unit of production or sales measu¥Ed if”
terms of 1975/76 standard cost. Standard cost of sales is
factored by factors of the supplying units, and production
factored by factors appropriate to producing unit".

Constat‘output is calculated multiplying the number of
units produced by the appropriate marginal cost of production
(the sume of the standard cost of direct labour, material
and overheads), and deflating this wvalue to 1975/76 base
using a "unit constat". The "constat" value of output
appears in the company's monthly accounting package. Table
6.1b shows the company's output in "constat" terms.

The output was computed multiplyiné the number of units
produced by their appropriate base period unit prices (using
‘Equation 5.3]. The data for this calculation was not readily
available. The problem lay in the determination of the base
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period prices. Becauyse the Company had moved the location

of its computer to a differeént site the information concern=-
ing the sales values and product quantities, although forming
part of the data base were lost in the transfer. Unfortunate-
ly previous outputs concerning this data were not kept in i
archives. Although information was'available on the unit

prices charged to selective customers, this data was of no

real use in this study because the unit prices charged

varted markedly from one customer to another. The other

problem was the large variety of products being manufactured

(on average 184 different types of products per period).

This diversity of product presented problems in that articles

not in the main product range would appear in a period and

not re-appear again. This problem was overcome by carrying

out a Pareto analysis (sales v ocutput quantities weighted

by standard cost of production) and identifying products

which accounted for more than 70% of sales. (On average

19% of'the product types accounted for more than 70% of

 sales revenue). Unit prices for these products were deter-

mined analysing the weekly delivery schedules fof the past

two and a half years. The remaining products were traated

as a single product. A weighted average price was computed

for these. |

- G s

Analysis of weekly delivery schedules was time con-
suming and laborious. However, it is important to state
that essential data for this calculation is available and
the computation of output using this approach would not
place any additional burden on the company's resources.

The output calculated was adjusted for changes in work-in-
progress inventory (i.e. éonverting the output taaproduction
output). The work-in-progress inventory information was
readily available from the "Stock Summary” issued monthly.
The changes in the value of the work-in-progress inventory
was deflated to the base period value using a weighted |
Index of labour and material costs. This index was chosen

because work-in-progress is valued at cost. The output ‘
value (computed using Equation 5,.3) was also adjusted for ‘
miscellaneous "revenues" received deflated to the base..

o
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period value. The scrap sales constituted the major part
of the miscellaneous revénues. The information concerning
this item was collected from analysis of the "variable
overheads" which formed part of the monthly accounting
package, The total output of the firm compuﬁed using the
above approach is presented in Table 6.1lc.

' As was discussed in Section 5.4.1; the output of the
firm in constant value terms relative to a reference period,
can be computed by deflating the sales revenue information
to the base period value.

The sales revenue data was readily available form the
company's operating statements. However, the important
question in this approach is the determination of an appro-
priate price index to be used for deflation of sales
revenues to base period values. As sufficient information
was avilable on the guantity of products produced and unit
prices for the past two and a half years, an internal price
index was constructed using Laspeyres' formula.

Laspeyres' formula can be stated as follows:

P g
Wt e
where
Pn_= unit price at current period
q, = number of units produced at base period
Po = unit price at base period

As we are concerned with the number of units produced
and not the number of units sold, the sales revenue was
adjusted for changes in the finished goods and work-in-,
progress inventories. The finished goods inventories were
deflated to base year values using the constructed price
index. Again, revenues from other sources were deflated
to the base period values and added to the output, as shown
in Table 6.1d. In cases where complete data on unit prices
ts not available, it is possible to construct an index of

representative prices, if it is known that prices of a




whole product "family" tend to fluctuate with the prices
of certain major items in the family.

In the absence of an.internally developed price index,
it is possible to use the "wholesale price.index“ {outputs)
published by the Central Statistics Office on a monthly
basis,. The'wholesale price index (output) is given for
each major sector of industry and as can be seen from
Table 6.le, the total revenue was deflated by mechanical
engineering output price index for comparison purposes.

Fig.6.1 depicts the output variations for the past
two and a half years using various measurement techniques.
As is evident from this and Tables 6.1c, 6.1d and 6.le, the
pattern of variations is similar for theée three measure-
ment techniques. Also, more interestingly, the wvariations
in absolute values are not large. This leads me to conclude
that in cases where complete data is at hand with respect
to sales revenues, prices and quantities, it is immaterial
whether one combines the quantities of various product
types by base-period prices, or "deflate" the sales revenue
by price index (combined by changing prices and quantity
weights). Furthermore, in this case the wholesale price
index proved to be a very satisfactory deflating index

o —— e L

despite being highly aggregated.

As is evident from Fig.6.1l, the variation pattern of
standard hours of production (a physical output measure)
is similar to price weighted output measures. However,
constant output shows a completely different variation
pattern. This could be due to the fact that marginal
standard costs are fixed throughout the year and consequently
they lag behind prices and furthermore this measure is not
adjusted for changes in finished goods and work in progress
inventories, '

The output of the company in terms of its revenue
adjusted for changes in finished goods and work-in-progress
inventories and other additional incomes deflated to the
base period using the wholesale price index (output) for




- 169 -

the mechanical engineering sector was also computed, for the
past four and a half years, as illustrated in Tables 6.2 and
6.2a. The reason for this calculation was to obtain a longer
historical trend of total factor productivity variations.

Over this longer period the procedure just described was the
only possibility, as data was not available to use the other
two financially weighted approaches described previously.

As 1s evident ffam Tables 6.1lc to 6.1d and 6.2, the
revenue generated was almost exclusively due to the production
activity. The only other source of revenue was the sérap
sales. For all practical purposes this could have been
ignored, as its magnitude is negligible compared to the
revenue genefated through the production process, without
making much difference to the total factor productivity cal-
culations. Alternatively the value of scrap sales could have
been subtracted from the material input.

The company did not produce any of its machines intern-
ally and also the amount of internal repairs was too small to
be of any'consequence. Also, the company was not engaged
in any research and development activities, hence for all
practical purposes, Equation 5.2 was reduced to 0t = Op, in
the case of Company. A. Ce e e e

6.2.3 Measurement-bf‘output: using multiple regression

techniques

The output in a batch production environment is a
function of batches of products produced. It is usual for
batch types to change frequently, and this provides the
analyst with a special problem. The magnitude of the problem
is dependent on the operational characteristics and the measure-
ment interval. The longer the time span between the output
assessments, the less the impact of batch changes, because
over a long period the product characteristics are likely
to remain relatively constant.

As was suggested in Section 5.4.2 (Chapter 5) this problem
could be overcome by relating the outnut to the components
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produced. To test the applicability of this technique the
products of Company A were broken into their components.

The components common to all products were: outers and
spindles. The outers were subdivided further according to
their diameters into seven distinct categories. The spindles

basis of these divisions were the design characteristics of
the spindles. The quantities produced were obtained from

\
\
|
| |
were subdivided also into seven distinc categories. The
|
|
_ |
the production schedules. |

|

\

|

Using "Minitab" we regressed the quantities produced of
each of the 14 categoriés of components on revenue, cost of
production and standard cost of production. It was found
that outers components and spindles components correlated
highly with each other. In econometric terms this is called
multicollinearity. The presence of multicollinear variables
are not desirable in multiple regression equations. Con-
sequently, various categories of outers and spindles were
separately regressed on revenue "REV", cost of output "CO",
and standard cost of output "SCO". This led to the derivation
of a series of multiple regression equations, presented in
Table 6.14.

The following two equations:.

et ey e ¢ a4

REV = = 223539 * 4,5140, + 8.730, + 9.2304 (6.2)

1 3

REV = = 413184 +_6.586S2 (6.3)
where

REV = sales revenue

Ol = quantity of outer 1

O3 = quantity of outer 3

O4 = guantity of outer ¢

Sz = guantity of spindle 2

|
|
|
|
|
l
were used to compute the outputs. These are presented in
Table 6.15. Comparison of this table with Tables 6.lc and
6.1d reveals a narrow difference between the absolute value
of the outputs. Obviously, the multiple regression approach
is not likely to produce results as precise as those of the
| l
|
|
|

standard methods described in the previous section.
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Howevey, the pattern of variations of qutput from one
period to ancother is the same for all three measurement
technigues. '

The other interesting point to note is the difference
between the outputs calculated using Eguations 6.2 and 6.3.

6‘é;4' Tnputs
The necessary computational steps, method and sources of

data required for calculation of input factors are described
below:

6.2.4a Labour

Various methods of computing the labour input were dis-
cussed in Section 5.6.1 of Chapter 5. The simplest measure
of labour input is one with a physical dimension, i.e. the
number of employees or number of hours attended, etc.
Table 6.3a gives the number of hours attended by employees
compensated on an hourly basis. This data was collected
from manpower statistics compiled monthly. We did not
attempt to convert the contribution of the employees com-
pensated on a weekly or monthly ‘basis to their equivalent
attended hours, because we use this measurement for purely

m T et a e — it

comparison purposes.

The direct (hourly paid) component of labour input was
computed using Equation 5.5 presented in Section 5.6.1 of
the previous chapter. For this purpose the hourly paid
labour was divided into three broad categories of direct,
indirect and seriveces. These labour categories were further
subdivided according to the functions they performed, e.q.

‘labour within the service category was divided into inspection;

gquality control; toocl~room; develoPment} security; cleaners;
etc, The hourly base rate for each of these divisions of
labour was determined by analysing the weekly labour statis-—
tics for the past two and a hlaf years. From these it was
possible to establish the attendance hours and the total
monetary compensation. Dividing the compensation values by
attendance hours. the hourly rates of pay were determined
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for each subdiyision of labour, Multiplying the hourly
base rate by the number of hours attended at each subsequent
period, direct labour input for each subdivision of labour
was computed. By summing these labour inputs for each of
the three categories, total direct labour costs were
determined, as shown in Table 6.3b.

Tt is also possible to determine the labour input,
deflating the total wagés paid by an appropriate hourly
rate index. For this purpose blue collar employees were
divided into directs and indirects. Information concerning
the wages pald to these two categories of direct employees
was readily available from the company's payroll records.
An houriy rate index was constructed based on Laspeyres'
formula. The data (hours attended and hourly rates) for
construction of this index was obtained from the weekly
labour statistics. The total wages component of labour
input computed using the procedure described is presented
in Table 6.3c.

. Fig.6.2 shows the variation pattern of the hourly paid
component of labour input calculated using the measurement

JteChniques described above. As can be seen, the variation

pattern is the same regardless of the measurement-technique
used. The reason for the relatively large difference be-
tween the two financially weighted labour inputs, is that
the computed wage rates include the holiday pay, while the
holiday pay formed a part of the fringe benefits in the pay-
roll data. In this study, for the purpose of assessing the-
total factor productivity, we use the payroll data deflated
to base period values, because, as can be seen later, the
fring benefits are added to wages and salaries as a separate
componet of the total labour input.

The salaries component (indirect labour contributions)
was computed using Eguation 5.6 presented in Chapter 5. The
data required for these calculations are the number of

employees in each category of the indirect labour force and
their average salary rates. The indirect employees were
diyided into the following categories: production, production
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services, work services, administration and management. The
data concerning the number of persons employed in each of
the above categories was obtained from the company's
"Personnel Statistics”" and the total salary {(including
fringe benefits) from the "Fixed Overhead® statements. The
average salary rate for each division of indirect labour was
computed dividing the appropriate total salary by the number
of employees. This information was also used. for computing.
a salary rate index based on Laspeyres' formula (Eguation
6.1). The index was then used to deflate the total salaries
bill (obtained from the pay roll ) to base period value. The
results of these computations are presented in Tables 6.3d
and 6.3e.

Fig.6.3 depicts the changes in the amplitude of the
labour input (wages + salaries components but excluding the
friﬁge benefitsg, Clearly the pattern of variations are
similar for the two measurement techniques. The reason for
the relatiﬁely large difference in absolute values of the
. two index was discussed previously. The total labour input
{(wages + salaries + fringe benefit components) for the periods
under consideration, are shown in Tables 6.3f and 6.4. A
special index based on changes in fringe benefits per number
of employees was constructed for deflating the fringe benefits
to base period wvalues.

6.2.4h Material inputs

The material component of inputs was computed using
Equation 5.9 presented in Section 5.6.2 of the previous
chapter. Por the purpose of this calculation, the material
component of input was divided into six categories of tubes,
bars, steel strips, rubber and seals, balls and rollers, and

finally water pump materials. Essentially these are the

broad categories of materials necessary in the operations of
the firm. However, within these broad divisions there are
guality and dimensional variations between individual materials.
These differences were ignored in the present study and an
average price was calculated for the six materials categories
using the weekly stores issues document, From this document:
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it was possible to determine_the guantities of materials
‘issued to the production function and their standard prices.
These standard prices were converted to actual‘prices using
the price variénces. Table 6.5a shows the material input,
computed using Equation 5.9. These values had to be adjusted
for changes in raw materials inventories (obtained from the
stock summary document), in order to convert them to usage
values., Table 6.5b shows the value of materials {in constant
terms) actually used in the production process.

The other method discussed for computing the material
input involves deflation of monetary values of material
and parts purchased, adjusted by changes in raw materials
inventories, by an appropriate price index. This was done
using twoe different price indexes:

(1) the price index constructed using the cost and quantities
of materials purchased in the periods under consideration,

and

(2) the published wholesale price index for purchases by
the mechanical engineering sector, as illustrated in
Tables 6,5¢ and 6.5d.

Fig.6.4 is based on the data presented in Tables 6.5b,
6.5¢c and 6.5d. As Can be seen, the pattern of variation is
the same for all three methods of calculations discussed.
The slight difference between the absolute values of
material input presented in Tables 6.5b and 6.5c is caused
by the level of aggregation used in calculating the material
input using Equation”S.Q.

Table 6.6 shows the material input for the past four and
a half years deflated to base period value using the whole-
sale price index (purchases) for the mechanical engineering
sector published by the Central Statistics Office.
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6.2.4c Capital input

In Section 5.6.3 of the previous chapter various tech-
niques available for determining the contribution of capital
component of the input were described. The applicability of
these techniques are examined in this section. Before we
proceed any further it is important to state that the majority
of the data required for this analysis comes from balance
sheets., Because of this there are two characteristics of a
typical balance sheet that should be recognized. One re-
lates to the ﬁime period covered by balance sheets ~ they
disclose a company's resources on a given date - a moment
in time. 1In other words, data presented in the balance sheet
represents a stock concept. Output, on the other hand, is
measured over a period of time, a week, a month, a year etc;
it is therefore a flow concept. This incompatibility could
be resolved by taking an average of the capital used at the
beginning and the end of each measurement period. The other
characteristic is the practice of carrying assets on the
balance sheet at pruchase prices, even though the purchase
may have been made years ago, which is typically the case
with building and machinery, and prices may have changed in
the intervening years. This characteristic, together with
the durable character of fixed capital, makes it-difficult
to be accurate in the deflation process.

" (I)  Service Value of Capital

The procedure for analysing the capital input using the
service value concept was described fully in Section 5.6.3a
of the previous chapter, The starting point in this pro-
cedure was the examination of plants register documents, in
order to obtain a complete stock of fixed capital. The
fixed capital was divided into four different categories;
plant and machinery, land and buildings, office equipment
and machinery, and motor vehicles. For simplicity of cal-
culation it was assumed that all the purchases took place
at the beginning of each accounting period. The costs of
assets were deflated or inflated to the base neriod value using
an appropriate price index. The cost of capital in base
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period was 7%, The total annuity payment for various cate-
~gories of fixed capital is shown in Table 6.7a. The total
capital input, line 1, was deflated to base period values
using a weighted cbst-index of plant and machinery, and
structures, published by the Central Statistics Office.

The contribution of the working capital component of the
capital input was calculated by multiplying the cost of -
capital by the value of working capital. In the case of
working capital, balance sheet values at purchase prices
are virtually identical with values at current prices. This,
in fact, is true for items that have an annual turnover rate
of one or more (Ref.l), which is typical of this category of
asset. The problem in the case of analysing working capital
input was to find a price index that accurately showed the
relationship of prices in the measured period to 1priég; in
the base periocd. In devising an appropriate index we looked
at the use made by the company of each particular asset. As
the finished goods and work in progress stock are valued at
cost, cash is used for the payment of wages and salaires,
and goods and services purchased, and raw materials inventory
is priced at the cost of the purchases. Then the most
appropriate deflator is a composite index of average hourly
earnings, salaries *and prices of operating materitals-and
other supplies., Calculation of this index was a simple
matter because appropriate individual indexes were calculated
previously. Table 6.7b shows the working capital compenent
of the capital input and Table 6.7c shows the total capital
input using the "service value" concept. Total capital input
for the past four and a half years is shown in Table 6,7d.

IT) @ Investor Contribution -

Capital input baséd on "investor contribution" concept
was computed, making use of Equations 5.10 and 5.11 presented
in Section 5.6.3b of the previous chapter, The average of
net capital (fixed + working) employed between each measure-
ment pericd was calculated. These were multiplied by the
base year rate of return. As mentioned in Section 5.8 the
choice of base period greatly affects the capital input cal-"
culations, based on the "investor contribution", through
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the rate of return chosen. To minimize the impact of this
potential source of error, the base period profit (adjusted
for depreciation effects) represented an average profit for

: the past six-yéars. The data for this calculation was

| obtained entirely from the company's balance sheet. The

: requirement of the deflating factor was discussed in the

| previous section, here it suffices to say that the same
deflator was used, | |

The computation of capital input using the “investor
contribution” concept is illustrated in Tables 6.8 and 6.8a
for the past four and a half and two and a half years
respectively.

(ITI) Net Capital Stock

Tables 6.9 and 6.%a illustrate the net capital stock
computed using Equatiorms 5.12, 5.13 and 5.14 presented in
Section 5.6.3c of the previous chapter. The fixed capital
stocks were divided into four categories of plants and
machinery, motor vehicles, office equipment and machinery,
and structures. The first three were deflated or inflated
to base period values (1975 and 1877) using the "Plant and
Machinery" price index. The structures value was-deflated
or inflated to the base period values using the "Building
and Structures” price index, Both sets of indexes are
published regularly (monthly) by the Central Statistical
Office. Depreciation was calculated using the adjusted
values of the capital stock. The reason for dividing the
fixed capital into four different categories was the dis-
parity between methods used for depreciating the fixed
assets, i.e. the plant and machinery are depreciated on a
reducing basis while the structures are depreciated on a
straight line basis. The use of this approach in determining
the capital input component is illustrated in case studies
concerned with the measurement of added value productivity |
presented in Chapter 8. However, this approach could also ‘
be used in determining the capital input for use in the

"Total factor productivity" assessments.




The changes in capital input are shown in Fig.6.5, using
the methods of calculations discussed. As is evident the net
capital stock of the company (excluding the cash and receiv=-
able components of working capital) is falling mainly because
of the depreciation and retirements and lack of substantial
new investments. . The-capifal input computed using the
"service value" and the "investor contribution" concepts show
generally the same pattern of variatioﬁ (the only exception
being the last period) and both on average show a falling
trend.

6.2.44 Miscellaneous inputs

This input factor consists of all other expenses in-
curred during the normal course of business. These include
items such as non-productive (indirect) materials and supplies,
utilities, rents, etc. Tables 6.10 and 6.10a show the mis-
cellanecus inputs, and as can be seen, these were deflated
to bas§ period values using the published retail price index.

The data required for computation of miscellaneous and
services input were readily available from the accounting
records of the company, and no special difficulties were:
encountered.

- * e . - T g e e g 1 < -

The output of the company was calculated net of indirect
taxes hence the exclusion of this item as an input.

6.2,5 Productivity indexes

Tables 6.11 and 6.12 illustrate the total and various
partial productivity indexes of the company for the past two
and a half years. The two tables differ only in the method
used for calculating the capital input. Fig.6.6 shows the
total productivity indexes presented in Tables 6,11 and 6.12.
As can be seen there are small differences between the two
total productivity indexes. This leads us to conclude that
productivity indexes are not wholly unique, they vary accord- |
ing to the method employed for cocmputation of various output
and input factors. The important point in attempting to
measure the total productivity of the firm is, therefore, con- ‘

sistency in definitions used. ‘

L e
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The total productivity and some of the partial product-
ivity indexes presented in Table 6.11 are shown graphically
in Fig.6.7. As can be seen the total productivity of the
firm is an aggregate of its partial productivities. ¥Further-
more, the partial productivity measures are helpful in
analysing the total productivity movements. The partial
productivity measures were further broken down to their
constituent elements. Fig.6.8 shows the variation of total
labour productivity and its components, i.e. direct and
indirect labour, and Fig.6.% shows the variation of total
capital productivity and its components, i.e. working and
fixed capital. ' The number of useful partial productivity
indexes is dependent on the number of important classes of
inputs there are where significant resource saving may be
achieved.

Table 6,13 shows the total and partial produétivity
indexes for the past four and a half years. The data pre=~
sented in this table is shown graphically in Fig.6.10.

6.2.6 Analysis of the results

Fig.6.11 depicts the changes in physical output and
inputs indexes. The output rises for the first two periods
and then starts to decline sharply. It is at its lowest in
period 8., The reason for this fall was the increased com-
petition in a shrinking market. The volume of material
used in the production process rises sharply in the first
three periods, then falls steeply in the next three periods,
and varies randomly around a 112 mean for the remaining
periods. Its pattern of variation is similar to those of
the ocutput index., This shows the avoidable nature of the

~material itnput. It is interesting to note that material
- Input shows a rising trend. Labour input varies randomly

amounﬁ a 110 mean up to period 7, then it falls and rises
again. Generally labour input also shows a risiﬁg trend.
The capital component of input rises steadily up to period
5, falls in period 6 and then rises in period 7 (mainly due
to new investments in tooling). It falls sharply from
period 7 onwards. The capital input also shows a rising
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trend. This 1s mainly due to increases in working capital.
The.miscellaneops input shows a steep rise and fall between
periods 2 and 4. On the whoie, however, this component of
input remained steady i.e. on average it showed a constant
trend.

Fig.6.10 depicts the computed total and partial pro-
ductivity indexes of Company A. As expected these all show
a steep declining trend. This analysis clearly shows that
the management of Company A failed to control the material
usage relative to its outputs. It alsc shows that manage-
ment failed to cut its labour force, so as to bring the
labour input in line with its output.

The value of this analysis is that it prompts managers
to ask questions. Clearly the management of the company have
to ask and investigate the reasons behind the rising volume
of material usage while the output is falling. Similarly,
it is clear that examination of employment policies is
called for. -

The technique could also be used for planning purposes.
FPor example if it is desired to achieve a total productivity
of 100.0 in period 10, while the following restrictions
apply, (1) there is no prospect of reducing the value of
miscellaneous inputs in real terms, (2) capital input is
expected to fall by 10 per cent, (3) for various reasons
beyond the control of the management the volume of material
used in production cannot be decreased by more than 8 per
cent, the volume of labour input is free to assume the
required change, and (5) output can be increased by 10 per
cent. This can be achieved by a 11.4 per cent reduction in
labour input. The next step is analysing the possible
qethods which would enable the labour component to be re-
duced by 11.4 per cent. .

_ The ratio is useful in collective bargaining. Using
essentially procedures similar to the one described above,
the effects on total factor productivity of alternative

wage patterns can be computed to show their probable effect
on competitiveness of the company.
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6.2.7 Relative effects of partial preoductivity adjustments
on total factor productivity !

In theory it is'possible to estimate the relative con-
tribution of each partial productivity factor to any change
in total factor productivity; if the change in component
productivity is weighted by its proporticnate share in total
input at the beginning of the period and all such weighted
changes are summed, it will give the change in total factor
productivity. The weighted contribution as a percentage of
this change gives the percentage of the change due to a
change in that'partial productivity factor.

Such an analysis is clearly of great practical use to
senior management, enabling them to see in which direction
thelr pressure to increase total factor productivity would
be most usefully exercised.

Taking the whole period studied at Company A, the total
factor productivity fell by 16.5 per cent. Partial material,
labour, capital and miscellaneous inputs fell by 21, 13.2, .
12.8 and 15.4 per cent respectively. In period 1 material
input constituted 38.96 per cent of total input; labour
input: 37.85 per cent; capital input8.45 per cent; miscell-
aneous input 14.73 per cent. The table below shows—the-
calculations of the contribution of each partial productivity
factor to the change in the total factor productivity.

The lower material productivity accounts for roughly
50 per cent reduction in total factor productivity and
labour for 30 per cent. Clearly, the management efforts
should primarily be concentrated on improving the material
prdductivity and to a lesser extent the labour productivity.




RELATIVE EFFECT OF PARTIAL PRODUCTIVITY ADJUSTMENTS

TABLE A

- ON_TOTAL FACTOR PRODUCTIVITY

Partial Productivity % Change Weight Total %
Factor Periods» 1~9 Period 1 Contributions Contributions
Materials Prod. -~ 21.0 0.389¢ - 8.17 49,5
Capital Prod. -.12.8 0.0845 - 1.08 6.5
Miscellaneous Prod. - 15,4 0.1473 - 2,26 13.7
Total 1.0000 -16.5 100.0

- ———

- T8T -
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6.2.8 Conclusions (Company A)

Various output-input measurement techniques were demon-
strated. Clearly, when sufficient data is at hand, it is
immaterial whether the quantities of outputs and inputs
(material and labour) are multiplied by base period monetary
values or, the aggregated revenue and cost data deflated

‘to base period values using price indexes based on Laspeyres'
'fbrmula. o '

The applicability of the method and its usefulness was
clearly demonstrated. Company A ceased to operate shortly
after the data collection exercise was completed. In fact,
total'productivity analysis clearly demonstrates the in-
efficient nature of the company's operations. The problem
lay in the fact that the company's management failed to
reduce the inputs in line with falling outputs. This type
of analysis would surely prompt the management to probe for
underlying reasons behind the low "Total Factor Productivity"
" cbserved.

In our preliminary discussions with the works manager,
production manager and chief accountant it was agreed that
this measure could provide the management with useful
statistics. However, it was claimed that low productivity
was suspected, and this was the main reason for changes in
management and re-organization at the beginning of period 4.
The continuing low productivity was blamed on a tactical
mistake, in that, the end of the recession was forecasted for
mid=1979. It was felt that the measure is useful because it
arms the managers with actual figures and it is possible to
monitor the changes on a regular basis. . They all agreed that
the analysis drew their attention to the importance and the
impact of material productivity on the total fabtor product-
tvity.

From an operaticnal point of view, the case study,
demonstrates that the total factor productivity measure is
not unigque. It is possible to have several values for total
productivity depending on the definition and the technique




- 184 -

used for the measurement of outputs and inputs. What is
important is consistency in definition and measurement
techniques parﬁiéularly if the total factor productivity
of one period is to be compared with another,

The importance of the base period is also clearly
demonstrated. When the base period is the first half of
77/78 then total factor productivity shows a rising trend
(see Pigs.6.6 and 6.7). However when the base period is
the first half of 75/76 the total factor productivity shows
a declining trend (see Fig.6.10). It is important to chose
a base year in which results are close to normal achieve«-
ments. Choosing a good year may result in disenchantment,
because of the declining‘total féctor productivity trends.
Inversely, choosing a bad year may lead to unjustified
confidence.




TABLE 6.1

OUTPUT IN TERMS OF PHYSICAL AND COST AND PRICE WEIGHTED MEASURES OF OUTPUT

' lst 2nd ist : 2nd 1st
- Measurement Period half half half half half
77/78 17/18 78/7% 78/79 79/80
6.1la Output in terms of Stapdard Hours of Production
Standard hours of output 116,238 89,252 101,985 82,620 102,202
Output Index 100 76.8 87.7 71.1 87.9
6.1b Output in Constant
Total sales per day 13,931 14,361 13,638 - 12,956 11,855
Output Index 100 103.1 97.9 93.0 85.1

6.1lc Output Calculated by Multiplying the Quantities Produced at each Period by

Base Period Qrices (EK}

o

Production Output

Changes in W,I.P, Inventory i
in Base PReriod Term ?

Miscellaneous Revenues Received
in Base Period Term

2434.9

2170.3

+ 18,3

2467.5

~ 87.5

2040.6

8‘0

2302,2

~118.7

4.0

- &8T -~



TABLE 6.1 (cont.)

o lst 2nd ist 2nd 1st
Measurement Period half half half half half
: 71/178 71/78 78/79 78/79 79/80
6.1c| (cont,)
Total Output 2340,5 2193.8 2388,2 1965.6 2187.5
Output Index 100.0 93,7 102.,0 84.0 93.5°
6.1d Output of the Pirm in terms of Sales Revenues Adjusted for Changes in
Inventories and Deflated by Specially Constructed Price Index Based on
Laspeyres'! Pormula
Sales Revenue 2267.0 2258.0 2549.0 2330.0 2618.0
Miscellaneous Revenues : 6.6 5.4 9.2 9.4 5.1
+ Changes in Finished Goods Inv.] +145.0 + 19.8 +189.2 + 25.2 +246.9
+ Changes in,®.I.P. Inventory -101.0 | +19.2 | - 98.2 | - 98,2 ~-149.9
1 | Total Output R 2317.6 2302.4 2649,2 2266.4 2720,1
2 | Price Index | 1.0 1.048 1.122 1,179 | 1.263
1/2] Total Qutput in Terms of Base _
Period - 2317.6 2196.9 2361.1 1922.,3 2153.7
Output Index 100.0 94.8 101.9 82.9 92.9
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TABLE 6.1 (cont.)

lst 2nd st . 2nd 1st

Measurement Period half half half half half

77/78 77/78 78/79 78/79 79/80

1 | Total output 2317.6 | 2302.4 | 2649.2 | 2266.4 | 2720.1

2 Price Index ) 1.0 1.049 1.106 1.176 1,258
1/2 Total Output in Terms of Base

Period - 2317.6 2194.9 2395.3 1927.2 2162.2

Output Index 100.0 94,7 103.4 83,2 93,3

6.le Output of the Firm in Terms of Sales Revenues Adjusted for Changes in

Inventories and Deflated by Wholesale Price Index for the Mechanical

Engineering Sector (EK)

v —,
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TABLE 6.2

TOTAL OUTPUT OF THE FIRM (£K) IN TERMS OF SALES REVENUE
lst 2nd ist 2nd 1st 2nd 1st 2nd 1st
half half half half half half half half - half
75/76 75/76 76/177 .76/77 77/178 17/78 78/79 | 78/79 .79/80
Sales Revenue 1,788 2,022 2,484 2,035 2,261 2,258 2,549 2,330 2,618
Dividend from
Securities - - - - ~ - - - -
Interest from
Bonds - - - - - - - - -
Any other Addit- :
ional Income¥* 3.6 4.5 6.6 5.5 6.6 5.4 9.2 9.4 5.1
+Changes in
~ Pinished Good L : :
Inventory -7 -52 + 100 + 101 + 145 | + 19.8 | +189.2 | + 25.2 | +246.9
+Changes in ‘ :
T W.I.P.Invent. +80 +65 - 41 + 107 - 101 { + 19.2 | -~ 98,2 | - 98.2 | -149.9
Total Output 1864.6 ! 2039.,5 2549,6 2248.5 2317.6 2302.4 2649.2 2266.4 2720.1

C e
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TABLE 6.2 (cont.)

Deflator** (£K)

6.2a Total Output of the Firm Deflated to 75/76 (lst half) using the Wholesale Price Index

lst 2nd 1st 2nd 1st 2nd st 2nd 1st
Half Half Half Half Half Half Half Half Half
75/76 75/176 76/717 76/17 711/78 . 771/178 78/79 78/79 79/80
. Total Output| 1864.6 2039.5 2549.6 2248.5 2317.6 2302.4 2649,2 2266.4 2720.1
. Wholesale
Price Index 1.0 1.079 | 1.171 | 1.256 | 1.337 ] 1.402 | 1.473 | 1.s572 | 1.682
Mech.Eng.
Sector
1. %+ 2°Total
Output in
Terms of lst ‘ '
Half 75/76 Base 1864.6 1890.2 2Y77.3 1790.2 1733.4 1642.2 1791.2 1441,7 1617.2

*

** Wholesales price index (outputs) Mgch.Eng.Sector.

Revenue from sales of scraps.

[
[}

|
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TABLE 6.3

LABOUR INPUT COMPUTATIONS -

1st

1lst 2nd i1st 2nd

Half Half Half Half - Half

1977778 1977/78 1978/79 1978/79 1979/80
6.3a Hours attended by hourly compensatéd emploveas
Direct Production Employees 143,491 122,558 130,219 102,970 122,419
Indirect Production Employees 17,311 17,289 20,209 15,044 21,847
Service Employees 133,524 124,171 129,945 97,726 113,503
Total Attended Hours 294,326 264,019 280,373 215,740 263,769

100.0 89.7 95.3 73.3 83.6

Attended Hours Index

6.3b Labour Input (Hourly Compensated Employees) calculated by multiplying the hours

attended at each period by the base period rate

Total Direct Production Wages
Total Indirect Production Wages
Total Service Wages

Total Hourly Wages Input

Total Hourly Wages Index

201, 2
30.4
179.2
410.8
100.0

le3.2 ,
30.2
159.9
353,3
89.9

169.9
36.0
163.8
369.7
95.5

136.3
27.2
123.1
.286.6
73.6

166.9
39.¢9
157.0
363.8
96.0
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TABLE 6.3 {cont.)

1st
Half

1977/78

2nd
Half

- 1977/78

1st
Half
1978/79

2nd
Half
1978/79

ist
Half
1979/80

6.3¢c Labour Input (Hourly Compensated Employees) calculated by deflating the total wages
to the base period value u51ng a spe01ally constructed Hourly Rate Index based on

Lasepeyres' Formula

Total Indirect Wages
Total Direct Wages

1. Total Hourly Payments
2. Hourly Rate Index

1 + 2 Labour Input (Hourly Compensated)

in Base Period Values
Total Hourly Wage Index Input

235.6
170.8
406.4

1.0

406.4
100.0

221.4

154.8

376.2
1.107

339.8
83.6

243.8

178.9

422.,7
1.201

352.0
86.6

194.0

148.5

342.5
1.308

261.9
64,4

297.4

204.,6

502.0
1.369

366.7
90.2

6.3d Labour Input (Monthly Compensated Employees) calculated by multiplying the number
of employees at each period by the base year salary

Production

Production Services

Work Services

Administration

Managenment

Total Labour Input {Monthly Compe
Employees)

i
i

JSated

35.6
35.9

29.5

60.9
49.0
210.9
100.0

33.5
39.6
29.5
60.8
49.5
212.9
lol.0

33,5
39.6
27.6
56,0
49.0
205.7
97.5

35,7
37.8
25.8
51.2
37.5
188.0
89.1

35.7
37.8
25.8
49.6
42,2
191.1
90.6
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TABLE 6.3 (cont.)

1st
Half
1977/78

2nd
Half
1977/78

1lst
Half
1978/79

2nd
Half
1978/79

1st
Half

1979/80

6.3e Labour Input (Monthly Compensated Employees) calculated

cost at each perlod to base period value

by deflating the saléries

258.2

1. Total Salarles 210.9 215.3 234.8 235.4
2. Salaries Index based on
Laspeyres' formula 1.0 1,010 1.142 1.253 1.35
1 + 2 Total Labour Input (Salaries o
- Component) deflated to base ‘
period value 210.9 213.1 205.6 187.9 191,2
Labour Input Index (Salaries
Component) ' 100.0 101.0 897.5 89.1 90,7
6. 3f Total Labour Input
Total Salaries deflated to the base
- period value : 210.9 213.1 205.6 187.9 191.2
Total Wages deflated to the base | _
‘period value E 406 ,4 339.8 352.0 261.9 366,7
Total Fringe Benefits deflated to ?he '
base period value l 192.4 184.8 191.3 162.8 142.4
! 809 .7 737.7 700. 3
o _ .

Total Labour Input

748.9

612.6
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TOTAL LABOUR INPUT

TABLE 6.4

Total Labour Input

654.0

st 2nd 1st 2nd ist 2nd 1st 2nd 1st
Half Half . Half Half Half Half Half Half Half
75/76 75/76 16/77 76/11 77/78 77/78 78/79 78/79 79/80
Total Salaries deflated .
to the base period
value _ 154,86 170.6 172.1 172.4 178.0 180.0 173.5 158.5 i61.4
Total Wages deflated to -
the base period value 335.5 333.1 381.8 318.6 362.2 302.9 313.6 233.,3 326.8
Total Fringe Benefits
deflated to the base
period value 124,11 147.6 169.5 163.0 168.2- 1 161.6 167.2 142.3 124.5
614.2 651.3 723.4 708.4 644.5 654.3 534.1 612.7

S L — i 1

- £6T7 -



OGS

TABLE 6.5

MATERIAL INPUT COMPUTATIONS

Base Year Prices

6.5a Material Input Calculated by Multiplying Quantities issued

to Production Departments by

Material Input Index

[

1st 2nd 1st 2nd lst
. Half Half Half - Half Half
77/18 77/18 78/79 78/79 79/80
Tube 280.6 301.5 310.7 261.2 310.1
Bars _ 250.8 209.4 282.7 223.3 229.8
Steel Strips 27.8 21.4 29.2 19.2 20.0
Rubber and Seals 38.2 24,4 36.6 28.9 25.8
Balls and Rollers 83.4 72,0 84.5 69.4 76.2
Water Pumps Materials 342.9 323.1 360.6 251.0 327.4
TOTAL 1023, 7 951.8 1104.7 853.0 989.3
6.5b Total Material used in Proauction
Total Material Purchased 1023.7 951.8 1104.7 853.0 989.3
+ Raw Material Inventory Change in Base
Period Values § +19 ~71.9 -60,2 +10.5 - 74.5
TOTAL Material used in Production 1042,7 | 879.9 1044.5 863.5 914.8
100.0 84.4 100.2 82.8 87.7
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TABLE 6.5 (cont.)

6.5c Total Materials and Parts used in Production Process.
‘Constructed Price Index using Laspeyres! Formula

Purchases Deflated by Specially

ist 2nd ist 2nd 1st
Half Half Half Half Half
77/78 77/78 78/79 78/79 79 /80
Materials and Parts Purchased 1023.9 993,7 1228.0 955.3 1215.5
+ Changes in Raw Materials Inventory + 19.0 -75.0 ~.67.7 +12.1 - 93,2
1 Total Materials and Parts used in :
Production 1042.9 918.7 1160.3 967.4 1122.3
2 Specially Constructed Cost Index 1.0 1,043 1.125 1.148 1.251
1+ 2 Total Material used in Production ' _ _
Deflated to Base Period Values 1042,9 880.8 1031.4 842.7 897.1
Material Input Index 100.0 84.5 98.9 80.8 86.0

6.5d Total Materials and Parts used in Production Process.
Price Index (Inputs) for Mechanical Engineering Sector

Purchases Deflated by Wholesale

- o
1. Total Materials and Parts used in ! !
Production , 1042.9 918.7 1160.3 967.4 1122.3
2 Wholesale Price Index Inputs 1.0 1.051 1.099 1.168 1.244
1 * 2 Total Material used in'Productio& '
Deflated to Base Period Values i 1042.9 874.1 1055.8 828.3 902.2
Material Input Index ‘ ' 100.0 83.8 101.2 79.4 86.5
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TABLE 6.6

TOTAL MATERIAL AND PARTS USED IN PRODUCTION PROCESS ~ PURCHASES DEFLATED BY

- WHOLESALE PRICE INDEX (INPUTS) FOR MECHANICAL ENGINEERING SECTOR

1st 2nd 1st 2nd 1lst 2nd 1st 2nd 1st
Half Half Half Half Half Half Half Half Half
75/76 75/76 76/77 76/77 77/78 77/78 78/79 78/79 79/80
Materials and Parts ‘
Purchased 684.0 915.6 1158 1 1001.8 1023.9 993.7 1228.0 855.3 1215.5
+ Changes in Raw
Materials Inventory -52.0 {-133,0 - 76.0 + 97.0 + 19.0 =-75.0 - 67.7 +12.1 - 93.2
1. Total Materials &
Parts used in : : :
Production 632.0 782.6 1082.1 1098.8 1042.9 918.7 1160.3 967.4 1122.3
2, Wholesale Price
Index 1.0 1.079 1.191 1.240 1.301 1,368 1.43 1.519 1.619
1l + 2 Total Materials
and Parts used in
Production in Base ‘ :
Period Values 632.0 725.3 908.6 886.1 801.6 671.6 811.4 636.9
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TABLE 6.7

CAPITAL TNPUT COMPUTATIONS BASED ON SERVICE VALUE OF CAPITAL . .

é:%a Capital Input (FPixed Component) lst 2nd 1st 2nd 1st
Based on Service Value of Capital Half Half Half Half Half
' 1977/78 1977/78 1978/79 1978/79 1979/80
Plant and Machinery . 155,194 155,194 157,429 157,429 150,928
Land and Buildings 19,258 19,258 19,258 19,258 19,258
Motor Vehicles and Office Equipment 1,935 1,935 3,243 3,243 3,207
1. Total Fixed Capital Input 176,387 176,387 179,930 179,930 173,393
2. Deflation Factor _ _ 1.0 1.065 1.120 1.185 1.275
1 + 2. Total Fixed Capital Input in Base
Period Value 176,387 165,622 160,652 151,840 | 135,995
6.7p Capital Input (Working Component) Based on Service Value of Capital
1. Working Capital Input 86,920 85,563 111,440 108,033 111,755
2, Constructed Deflation Factor 1.0 1.057 1.081 1.233 1,322
1 + 2 Working Capital Input in Base Period
Value 86,928 80,949 103,0%0 87,618 84,535
6.7c Total Capital Input Based on Serﬁice Value of Capital
‘ ' i —
Pixed Capital Input in Base Perlod valwe 176,387 165,622 160,652 151,840 135,995
Working Capital Input in Base Period Value 86,928 80,949 103,090 87,618 84,535
Total Capital Input 263,315 246,571 263,742 239,458 220,530
Capital Input Index 100.0 93,6 100.2 90.9 83.8
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TABLE 6.7 (cont.)

6.7d Total Capital Input Based on Service Value of Capital

!

lst

ist 2nd 1st 2nd 1st 2nd ist 2nd |

Half Half Half Half Half Half Half Half Half

75/76 75/76 76/77 | 76/717 17/78 77/78 78/79 78/79| 79/80
Fixed Capital Input '
in Base Period Value 98.4 93.8 94.4 _89.7 90.5 85.6 85.4 74.9 67.1
Working Capital
Input in Base Period
Period Value 38.7 49,4 55.1 64.3 71.3 66.4 84.6 71.9 69.3
Total Capital Input 143.2 5149.5 154.0 161.8 152.0 170.0 146.8| 136.4

137.1

—

i —,
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TABLE 6,8

CAPITAIL INPUT COMPUTATION USING THE INVESTOR CONTRIBUTION

1st 2nd ist 2nd st 2nd 1st 2nd 1st
Half Half Half Half Half Half Half Half { Half
75/76 | 75/76 | 16/77 | 76/77 | 77/78 | 71/78 | 18/79 | 78/79 | 79/80
1. Working Capital 552,2 740.0 { B79.2 | 1078.8 | 1241.8 | 1222.3 | 1592.0 | 1543.3| 1596.5
2. Fixed Capital 781.7 | 809.3 | 849.0 | 835.3| 905.3 | 888.5| 821.5| 756.7| 919.3
3. Total Capital Asset 1333.9 { 1549.3 | 1728.2 | 1914.1 | 2147.1 | 2110.8 | 2413.5 | 2300.0] 2515.8
4, Profit before Tax adjusted for
Depreciation 138.2 _
. Profit AS% of Asset 10.4 10.4 10.4 10.4 10.4 10.4 10.4 10.4] 10.4
. Investor Contribution 138.2 | 16.1{ 179.7 { 199,11 223.3{ 219.5{ 251,01 239.2] 261.6
7. Deflation Factor 1.0| 1049 { 1.117 { 1.175 1.219 1,289 1.318 | 1,503} 1.612
6 + 7 Imvestor Contribution in
Base Period Value 138.2 153.6 | 160.9 169.5 | 183.2 | 170.3 ] 19%.4 | 159.2| 162.3
' [
TABLE 6.8a CAPITAL INPUT USING THE INVESTOR CONTRIBUTION
1. Investor Contribution 223.3 | 219.5 | 251.0 | 239.2] 261.6
2, Deflation Factor 1.0} 1.057 | 1.081 | 1.233] 1.322
1+ 2 Capital Tnput in Base Period Value | 223.3 | 207.7 | 232.2 ] 194.0] 197.9
Capital Input Index '3 100.0 93.0 { 104.0 86.9 88.6
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TABLE 6.9

‘ CAPITAL INPUT COMPUTATION BASED ON NET CAPITAL STOCK

lst

1st 2nd 2nd lst
Half Half Half Half Half
77/78 71/18 78/79 78/19 | 79/80
Net Capital Stock Building and Equipmept 1579.1 | 1579.1 | 1571.0 | 1571.0} 1336.7
Net Capital Stock Inventories 931.5 941.7 | 1018.0 905.2{  798.6
Total Net Capital Stock in Base Period Value 2510.6 | 2384.9 | 2395.0 { 2008.3| 1615.2
Total Net Capital Stock Index 100.0 95.0 95.4 80.0 64.3
TABLE 6.9a CAPITAL INPUT BASED ON NET CAPITAL STOCK
Ist 2nd Ist | 2nd 1st 2nd 1st 2nd | Ist
Half Half Half Half Half Half Half Half Half
75/76 75/76 76/77 76/77 77/18 71/78 78/79 78/79 | 79/80
Net Capital Stocdk Building and .
Equipment 1353.6 | 1353.6 | 1352.7 | 1352.7 1237.1 | 1237.1 | 1128.8 | 1128.8] 996.3
Net Capital Stock Inventories 426.8 | 1533.7 575.2 696.7 | 702.9 709.0 781.6 683.7| 607.5
i
Total Net Capital Stock 1780.4 r887.3 1927.9 | 2049.4 | 1940.0 | 1946.1 | 1910.4 | 1812.6] 1603.8
Total Net Capital Stock in Base '
Period Value 1780.4 IfL799.l 1726.0 | 1744.2 { 1591.5 { 1509.8 | 1449.5 | 1206.0| 994.9
Total Net Capital Stock Index 100.0 | 101.1 97.0 98.0 89.4 84.8 81.4 67.7| 55.9
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‘TABLE 6,10

TOTAL MISCELLANEOUS GOODS AND SERVICES INPUT

lst Half 2nd Half lst Half 2nd Half lst Half
1977/78 1977/78 1978/79 1%78/79 1979/80
Indirect Material and Supply 38.7 38.0 40.9 30.0 53.8
Utilities ' 71.4 48.3 79.8 46.7 100.8
E.D.P. N 11.0 16.0 12.0 8.0 10.0
Tnsurance Premium 18.0 17.8 16.6 15.0 17.6
Rent of Factory Equipment 2.9 2.6 2.6 3.5 2.6
Factory Property Rates 19.7 20.3 21.8 20,9 23,3
Personnel Expenses 24.2 12.0 13.9 18.9 19.1
Repairs and Replacements 69.1 93.7 88.1 102.9 107.6
Miscellaneous 58.3 85.0 72.4 92.8 73.2
1. Total 313.3 333.7 348.1 339.0 408.0
2. General Index of Retail Prices 1.0 1.044 1.088 1.182 1.287
1 # 2 Total Miscellaneous Input in '
Base Period Values 313.3 319.6 319.9 286.8 317.0

e mrm—— A e e -
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TABLE 6.10a

TOTAL MISCELLANEQUS GOODS AND SERVICES INPUT

1st 2nd 1st 2nd st 2nd 1st 2nd 1st
Half Half Half Half Half Half Half Half Half -
75/176 75/76 76 /77 76/77 77/78 77/78 78/79 78/79 79 /80
Indirect Material & Supply 38.7 31.0 44.9 32.9 38.7 38.0 40.9 30.0 53.8
Utilities 48.5 39.1 75.5 42.2 71.4 48.3 79.8 46.7 | 100.8
E.D.P. 7.0 6.0 7.0 7.0 11.0 16.0 12.0 8.0 10.0
Insurance Premium 6.7 10.3 14,4 11.6 18.0 17.8 l16.4 15,0 17.6
Rent of Factory Equipment 2.5 1.6 3.0 2.9 2.9 2.6 2.6 3.5 2.6
Factory Property Rates 15.1 10.0 | 16.7 18.7 19.7 20,3 21.8 20.9 23.3
Personnel Expense 7.7 14.2 15.5 10.4 24.2 12,0 13.9 18.9 19,1
Repairs and Replacement 61.8 50.9 101.4 73.4 69.1 93.7 88.1 102.9 107.6
Miscellaneous 51.0 B2.5 72.6 96.8 53.8 85.0 72.4 92.8 3.2
1. Total 239.0 | 245.6 351.0 295.9 313.3 333.7 | 348.1 339.0 | 408.0
2. General Index of Retail '
Prices 1.0 1.066 1.151 1.246 1.295 1.352 1.410 1.531 1.666
1 + 2 Total Miscellaneous i
Values in Base Period . :
Values 239.0 23?.4 305.0 237.5 241.9 246.8 246.9 221.4 244.9
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TABLE 6.11

TOTAL AND PARTIAL PRODUCTIVITY TNDEXES, CAPITAL INPUT CALCULATED USING THE SERVICE VALUE CONCEPT

lst Half 2nd Half lst Half 2nd Half lst Half
1977/78 1977/78 1978/79 1978/79 -1979/80
1. Output 2340.5 2193.8 2388.2 1965.6 2187.5
Inputs: Fixed Capital 176.4 165.6 160.7 151.8 "136.0
' Working Capital ' 86.9 80.9 103.1 87.6 84.5
Total Capital 263.3 246.5 263.8 239.4 220.5
Material 1042.7 879.9 1044.5 863.5 914.8
Direct Labour 406 .4 339.8 352.0 261.9 366.7
Indirect Labour 210.9 213.1 205.6 187.9 191.2
Fringe Benefits 192.4 184.8 191.3 162.8 142.4
Total Labour 809.7 737.7 748.9 612.6 700.3
Miscellaneous 313.3 319.6 319.9 286.8 317.0
2. Total Input 2428.7 2183.7 2377.1 2002.3 2152.6
1+ 2 0.964 0.1005 0.1005 0.982 1.016
Total Productivity 96.4 100.5 100.5 98.2 101.6
Total Productivity Index 100.0 104.3 104.3 101.9 105.4
Output/Labour 2,89 2.97 3.19 3.21 3.12
Labour Productivity Index 100.0 102.8 110.4 111,1 108.0
Output/Direct Labour 5.76 6.46 6.79 7.51 5.97
Direct Labour Productivity Index 100.0 112.2 117.9 130.4 103.7
Output/Indirect Labour ; 11.10 10.29 11,62 10.46 11,44
Indirect Productivity Index i 100.0 92.7 104.7 94.2 103.1
Output/Material Input ‘ 2,25 2.49 2.27 2.28 2.39
Material Productivity Index 100.0 110.7 100.9 101.3 106.2
Output/Capital Input { 8.89 8.90 9.05 8.21 9.92
Capital Productivity Index ! 100.0 100.1 101.8 92.4 111.6
Output/Fixed Capital : 13.27 13.25 14.86 12.95 16.09
Fixed Capital Productivity Index 100.0 99.8 112.0 97.6 -121.3
Output/Working Capital _ 26.93 27.12 23.16 22.44 25.89
Working Capital Productivity Index 100.0 100.7 86.0 83.3 96.1
Dutput/Miscel laneous Inputs 7.47 6.86 7.47 6.85 - 6.90
Miscellaneous Inputs Productivity Index 100.0 91.8 100.0 91.7 92.4
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TABLE 6.12

TOTAL PRODUCTIVITY INDEX, CAPITAL INPUT CALCULATED

USING THE INVESTOR CONTRIBUTION CONCEPT

1st Half

2nd Half

1st Half | 2nd Half 1st Half
1977/78 | 1977/78 | 1978/79 1978/79 1979/80
1. Output 2340.5 2193, 8 2388.2 1965.6 2187.5
Total Capital Input 223.3 207.7 232.2 194.0 197.9
Material Input 1042.,7 879.9 1044 .5 863.5 914.8
Total Labour Input 809.7 737.7 748.0 612.6 700.3
Miscellaneous Inputs 313.3 319.6 319.9 286.8 317.0
2. Total Input 2389.0 2144.9 2345.5 1956.9 2130.0
1+ 2 0.980 1.023 1.018 1.004 1.027
Total Productivity 98.0 102.3 101.8 100. 4 102.7
Total Productivity Index 100.0 104 .4 103.9 102.5 104.8

A s i A = -
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TABLE 6.13

TOTAL AND PARTIAL PRODUCTIVITY INDEXES FOR PAST FOUR AND A HALF YEARS

1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st
Half Half Half Half Half Half Half | Half Half
75/76 75/76 76/77 76/77 77/78 77/78 78/79 78/79% 79/80
output (1) 1864.61 1890.2| 2177.3) 1790.2) 1733.4] 1642.2) 1791.2}| 1441.7 1617.2
Inputs ~ Capital 137.1 143.2 149.5 154.0 161.8 152.0 i70.0 146.8 136.4
- Material 632.0 725.3 908.6 886.1 801.6 671.6 8l11.4 636.9 693.2
- Labour 614.2 651.3 723.4 654.0 708.4 644.5 654.3 534.1 612.7
- Miscellaneous 239.0 230.4 305.0 237.5 241.9 246.8 246.9 221.4 244.9
Total Inputs (2) 1622.3] 1750.2] 2086.5| 1931.6| 1913.7| 1714.9| 1882.6| 1539.2| 1687.2 L
1+ 2 1.149 1.080 1.044 0.927| 0.906] 0,958 0.952 0.937 0.959 N
Total Productivity 114.9 108.0 104.4 92.7 90.6 95.8 95.2 93.7 95.9 o
Total Productivity Index 100.0 94.0 90.9 80.7 78.9 83.4 92.9 81.6 83.5 I
Output/Labour Input 3.04 2L.90 3.01 2.74 2.45 2.55 2:.74 2.70 2.64
Labour Productivity Index 100.0 95.4 99.0 90.1 80.6 83.9 920.1 88.8 86.8
Output/Material Input 2.95 2.61 2.40 2.02 2.16 2,45 2.21 2,26 2.33
Material Productivity
Index 100.0 88.5 81.4 68.5 73.2 83.1 74.9 76.6 79.0
Output/Capital Input 13.60 13.20 14.56 11,63 10.71 10.80 10.54 9.82 11.86
Capital Productivity j .
Index 100.0 97.1 107.1 85.5 78.8 79.4 77.5 72.2 87.2
Output/Miscellaneous :
Inputs 7.8 8.20 7.141 - 1.54 7.17 6.65| 7.26 6.51 6.60
Miscellaneous Input Index 100.0 1%5.1 91.5 96.7 91.9 85.3] 93.1 83.5 84.6
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 TABLE 6.14

REGRESSION EQUATIONS RELATING THE REVENUE "REV", COST OF OUTPUT “CO",

AND STANDARD COST OF OUTPUT "SCO" TO PHYSTCAL QUANTITITIES OF COMPONENTS

2
St~ o ted
c a Jjuste
BError for D.F.
* & * X%k * * & &%k
CO =C+o0+ 0 +w,03+804 —162253 6.051 67 6.45 66 75694 99.9
‘ 1 2 *hk * kK * k& kKA
CO =C+a0,+B0,+Y0 ~-194056 &.846 82 9.94 76414 99.9
1 3 4 _ X kk kR K * k&
Cco =C+a81+852 -278080 1.962 8g0- 87555 99.9
Ak*& % % %
Co =C+o¢Sl 281814 311 323741 99.0
* k& * % &
Co =C+a82 -356981 9715 99307 29.9
* *kk '
CO =C+o 0T =~ 6117 4,0829 903580 99.9
% * % %
CO =C+uST 48235 3.4744 996453 9.9
. * & & * & % * k% hkk
REV=C+ua0. +80 +yo3+60 ~232008 4.73 -0.44 8.29 57 110123 99.8
: 1 2 4 k& * % % * k& *k&
REV=C+00,+B0,+y0 ~-223539 4.514 8.73 9.23 108092 99.8
1 3 4 * & * % %k *
REV=C+aSl+882 -386350 0.667 218 127843 59.8
: * * Kk
REV=C+0S 118955 11.812 308392 98,7
1 *k*x * &k
REV=C+aS2 ~413184 6.586 126653 99.8
* & LK.}
REV=C+aOT ~122004 3.3723 137689 5o .7
. kk%k X%
REV=C+aST - .78554 2.8706 124989 99.8
* % & *kk * & k%
SCO=C+aOl+802+yO3+§O4 -178617 4.530 0.29 12 12.90 87050 9.9
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TABRLE 6.14 (cont.)

' * %k
SCO=C+a0,+f0,+Y0 -184088
1 3 4 * %k
SCO=C+aS, +BS ~332567
1 2 *

SCO=C + OLSl 157337
* % %

8CO=C + aSz ~-437926
* %

SCO=C + oaOT ~111214
*

SCO=C + aST - 61519

13.425

* o
T ok
»

O% &= %
O%

4.
2.

* vk Chd
* bo¥ OV

*

* %%

7.4729

*kk

3.8291
Kk
3.2592

* &%

13.12

85416
150578
310559
161855
130109
117964

99.9

99.8
98.9

99.7
99.8
99.8

* k%
12032
* k&
5798
* ok &
2705

k&

10032
* &k

15540
X k&
6754

* Significant at 10%
*k Significant at 5%
*%%  Significant at 1%
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TABLE 6.15

CALCULATION OF OUTPUT USING REGRESSION EQUATIONS

lst Half 2nd Half 1st Half 2nd Half lst Half

1977/78 1977/78 1978/79 1978/79 1979/80
Ol Quantities 243837 228977 199803 177999 244200
03 Quantities 81860 50172 69546 67507 76685
O4 Quantities 74491 71222 111567 69001 54312
Sé Quantities 397618 356033 419214 339085 360681
Output using Equation 6.2 2279.3 1905.4 2315.2 1806.2 2049.6
Output Index | 100.0 83.6 101.6 79.2 89.9
Output using Equation 6.3 2265.5 1931.6 2347.8 1820.0 1962.2
Output Index 100.0 87.6 106.5 82.5 89.0
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Output Index based on Base Year Prices

Output Index based on Deflation by Firm's Price
: - Index
Output Index based on Deflation by published
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Fig.6.1 Output Variations

;—




110

Index

- 100

|

|

| ‘

B 90
i

\

80|

70

60

- 210 -

Attended Hour Index

wimermiom..  Hourly Labour Input Index calculated using
' Base Period Rates

——— ——— Hourly Labour Input Index calculated by
Deflation
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Fig.6.2 Labour Input (Hourly Compensated Employees)
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Fig.6.6 Comparison of total productivity indexes

Index _Total Productivity Index. Capital Input calculated

110 : using Service Value Concept
- Total Productivity Index. Capital Input calculated
_ using Investor Contribution Concep
.
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- Total Labour Productivity Index
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Fig.6.8 Total, direct and indirect labour productivity inde
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6.3 Case Study 2: Company B

This case study refers to Company B. The background of
the company is described in the following section.

6.3.1 Background

Company B is also situated in the North of England.

The firm is a subsidiary of a large conglomerate which is
one of the leading electronics manufacturers in this country.
However, the corporate strategy of the parent company is
based on decentralisation and consequently; from our point
of view, and for all practical purposes, it was possible to
treat this company as an autonomous unit. It is a medium
size batch manufacturing company, with a turnover of £11M in
the financial yéars 1978/79. The total labour force of the
company is made up of seven hundred people. The primary
products of the enterprise are industrial and military
connectors and switches. The batch sizes range from very

- small, i.e. 2, to Yery large i.e. 5000, and production lead
is about two weeks. It makes both to order and for stock, .
and in many instances prompt delivery is the prime factor
affecting placement of an order. Some of the products are
exported to both Europe and the U,S. through the parent
company's subsidiaries. Production is organizeéd EIong pro-
duct lines.

The company has been the subject of re~organization and
rationalization of products in the past four years. The
production efforts of the enterprise are concentrated at two
sites, which are app’roxiniately 30 miles apart, however,
productivity was calculated for the company as a whole.

The data collection took about two months. Some of this
time was spent locking at the company-wide added value scheme
operated by the firm and its effects. The historical data
was collected for a four year period between 1975 and 1979.
The reason for analysing the total féctor productivity of
the company for a four year period was changes in accoﬁnting
practice. This made the accounting informaticn prior to 1975
incompatible with the later data. The primary source of data

e — T




was the company's accounting records. The base year chosen
was 1975/76 and the productivity indexes were calculated on
a yearly basis.

6.3.2  Qutput

Due to the nature of the company's business; a large
range of products are produced. Also, within a given range,
an infinite number of combinations are possible, and the
unit price is affected greatly by very minor variations in
product design. For this reason, it was not feasible to
calculate the production output using Equation 5.3 pre-
sented in Chapter 5.

As we are interested in the constant value of output,
this obstacle was overcome by using the deflated annual
sales revenue. The value of invoiced sales for the years
1875/76 through to 1978/79 was collected and adjusted for
changes in finished goods and work-in-progress inventories;
in order to convert the sales output to a production output.
The information concerning the in-process inventory was not
readily available. However, with the help of the company's
accountant, the parts inventory value was subdivided into
in-process and raw materials catggqries. Due to the

-.- i

company's accounting practices this value ofwiﬂ;érocess'in—
ventory reflects the added value up to the particular stage
of production reached. Hence, the in-process inventory

value was converted into sales value by multiplying it by

" the average profit margin (net profit/sales).

The adjusted sales figure should be deflated to base
year values. The choice of deflating factor depends on the
information available. An intérnally calculated price
index is perhaps most suitable for this purpose. However,
in our case the required information for constructing such
an index was not available. Instead we made use of a de-~

flating factor supplied to the firm by the planning department

of the holding company. Their calculation of the deflating
factor is based on macro- and micro-economic considerations.
For comparison purposes we also used the published whole-
sale price index for the Electrical ﬁngineering Sector.

Tables 6,16~6.18 are summaries of the output computations.
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6.3.3 Inputs

The necessary computational steps in calculation of the
input factors are described below.

6.3.3a Labour

The labour input factor was calculated as follows:
wages paid in base year were divided‘by the total man=-hours
attended to determine the average per hour wage rate in the
base year (1975/76). For the following years the total man-—
hours attended in the current year by all direct production
employees was multiplied by the average per hour wage rate
in the base year. The average base vear wage rate included
fringe benefits, overtime, vacation and sickness ?ay.

An interesting question which arose in the calculation
of direct labour input was the availability of three labour
times; total number of hours attended, hours worked and
standard hours of work produced on which to base the average .
per hour wage rate computations. However, it was felt that
the total number of hours attended best fulfils the criteria
of the model.

In the case of salaried and. indirect production employees
{(paid hourly) , the average annual base salary per person was
calculated by dividing their total payroll by their total head
count in the base year. For all subsequent periods the
total head count of all indirect and salaried employees in
the current year was multiplied by the average annual base
salary per person. Total head counts were adjusted in an
appropriate manner because the firm employed a substantial
number of part-timers.

The major shortfall of the labour input calculations
described above is the inability to account for skill mix
changes. However, the shortcoming of this method does not
justify the time and expense involved in recording the
data in a suitable form for use in the labour calculation

described in the previous chapter.
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The cost of the employees' fringe benefits was obtained
from the accounting records of the firm. These were deflated
ta 1975/76 base using both the firm's deflating factor and
the general retail price index.

The total labour input was obtained by adding the
total wages (based on 1975/76 average wage rate), salaries
(based on 1975)76 average salaries), and fringe benefits
deflated to 1975/76 £ values. The labour input factor is
shown in Tables 6.24-6.29.

6.3.3b Capital

The lease concept of capital, mentioned previously,
was readily applicable to the case under consideration, as
actually the holding company charges the firm a fixed per-
centage on the amount of capital asset it manages. 1In
other words, the holding comapny views itself as a lessor
and all capital assets managed by the firm (except land and
buildings which are rented from another subsidieary) are
leased from the holding company.

The payments made to the parent company for the use of
capital assets are called "chronous" charges and are cal-
culated by multiplying the average .capital assets_managed
between two periods by a fixed percentage. The calculation
of this fixed percentage is based on the weighted cost of .
capital theory.

"In calculating the capital input (chronous charges),
the fixed capital was treated as an irredeemable loan in a
fashion similar to the treatment of working capital. This
approach can be justified on the basis of the going concern
concept, i.e. unless the firm folds up there is a need for
fixed capital as well as working capital, and hence its
treatment as an irredeemable loan.

The annual cost of capital incurred by the firm (annual
chronous charges) was deflated using the firm's deflating
factor and, for comparison purpcses, the General Retail

Price Index. The capital input factor is shown in Tables
6.19 and 6.20.




The fixed capital was also treated as a 1rredeemable loan,

and using the annuity tables, fixed annual repayments were

calculated for tools and machinery. However, this was only
an approximation, because of the considerable difficulties

experienced in obtaining the necessary data for some of the
fixed assets, in particular the older assets.

6.3,3c Materials and purchased parts

The material input factor was calculated by adjusting
the current year productive material expenses for changes in
materials and parts inventory. This yields the productive
material usage for the current year. Material usage figures
were then deflated to 1975/76 base values, using the firm's
deflating factor and, for comparison purposes, the purchases
wholesale price index for the Electrical Engineering Sector.

- These calculations are shown in Tables 6.21, 6.22 and 6.23.

The reason for calculating the material input factor in
the manner described above is simply the sheer volume of
materials and parts bought by the firm and, in some céses, the
abgence of records concerning the value of the purchased items.

The disadvantage of the method used, compared to the
method described by Equation 5.9 presented in Chapter 5, for
calculation of materials input, is its inability to take into
account changes which may occur in the mixture of bought-out
items.

6.3.3d Miscellaneous goods and services

This input factor consists of all other expenses in-
curred during the normal course of business. These include
items such as non-productive materials and supplies, utilities,
plant and establishment rentals, commissions, research and
development, royalties and computer charges. These expenses
were deflated to base year values using the firm's deflating
factor and the general retail price index (Tables 6.30, 6.31
and 6.32).

The information required for the computation of miscell-
aneous goods and services was readily available from the

accounting records of the company, and no special difficulties
- were encountered.




6.3.4 Productivitv indexes

The total productivity index P_ and various other partial

productivity indexes (labour, capit:l, miscellaneous goods
and inputs) were calculated, based on the output and input
factor computations described above.

. Table 6.33 shows the total productivity index Pt_énd
various partial productivity indexes. 1In these calculations
various output and input factors, except labour, were de-
flated to base year values using the firm's deflating factor.
Similarly, Table 6.34 shows the total productivity index Pg
and various other partial productivity indexes, the only
difference being the use of published price and cost indexes

as the deflating factor in these calculations.

Fig.6.12 shows the physical variations in output and
inputs of the firm. Factors of production- in this case were
deflated using the companies deflating factor. Similarly,
Fig.6.13 shows the physical variations in output and inputs.
The only difference with the previous figure being the choice
of deflating factors. In this case published price indexes
were used. The differences in variations of output are shown
in Fig.6.14, From this figure it is clear that the physical
output of the firm was on average - sixX points lower when
the firm's deflator was used as compared to the wholesale
price index for the Electrical Engineering Section.

Part of the results presented in Table 6.33 are shown
graphically in Fig.6.15. As can be seen, the total product-
ivity of the firm never fell below 100 per cent, and thus at
no time during the periods under consideration did the firm
faile to earn the required return on capital. The other
important point to note abhout the total productivity ratio
and partial productivity ratios is the volatility of partial
productivity indexes compared to the total productivity index.
Figs.6.16 and 6.17 show the variations in direct and indirect
labour productivity indexes and variations in fixed and working
capital indexes, based on the results presented in Table 6.33.
Similarly, . Figs.6.18, 6.19 and 6.20, show the variation of
productivity indexes presented in Tahle 6.34. The general
observations made previously hold true in this case as well.
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Compaiing the results presented in Fig.6.1l5 with thosé
presented in Fig.6.18, where published price and cost indexes
were used as deflating factors, it is clear that magnitude
of total productivity variations are different. This of
course was to be expected as productivity indexes are not
wholly unique. However, the productivity indexes show a
‘similar pattern of variation, regardless of the type of
‘deflating'fébtor used.

6.3.5 2nalysis of the results

Figs.6.12 and 6.13 depicts the changes in physical out-
put and inputs. The difference between the two figures is
the choice of the deflator factor. Both figures show a
falling trend for output and labour, capital and material
inputs. The rate of the fall is sharpest for material. At
the same time the miscellaneous input is rising at a very
steep rate. The sharp rise in this item is due to invest-
ment in new office technology and increase use of computers
for stock and production controls.

The fall in material input is the direct result of
- product rationalization, as is the fall in output. The fall
in capital input is mainly achieved through a better stock

R e i 8+ < n

control system.

Figs.6.15 and 6.16 depicts the total factor and various
partial productivity indexes. Total factor, material and
capital productivity show a rising trend. This indicates
that real economies have been achieved in consumption of
factors of production due to diminishing requirements per
unit of output of material-and capital inputs. The labour
productivity initially falls, but then starts to rise, mainly
because of the sharp rise in output and the slower rate of
investment. |

From Fig.6.15 it is clear that total factor productivity
is a weighted average of partial productivity indexes. Figs.
6.16 and 6.17 show that labour and capital partial product-
ivities are themselves a weighted average of their
constituent elements. From Fig.6.16 it is clear that direct




~ labour productivity increases at a steeper rate comparad to
the indirect labour, and indeed the latter is exercising a

negative influence on the total labour productivity. The

large rises in capital productivity index (see Fig.6.17)

is solely due to working capital productivity and that it
does not rise more sharply is because of the fall in fixed
capital productivity. The maln reason for-the observed
trends is reduction in stocks due to ratlonallzatLOn and
better stock control and investment in new plant and
machinery which had not started to operate at the end of
the financial year 1978/79.

The analysis shows that in the absence of an internally
developed index, the published indexes provide a credible
substitute. Of course this may not always be the case and
caution must be exercised in using the published indeXxes.

6.3.6 Conclusions: Company B

This case study helps to demonstrate the applicability
of the technique to a batch producer resembling character-
istics close to that of a "jobbing" shop.

As is evident the total factor productivity of the firm
shows a rising trend (it is 6.9 points higher at the-end of

the financial vear 1978/7%9). The material and capital partial

pfoductiﬁities also show a rising trend, while miscellaneous
" productivity shows a dramatic fall.

The main reason for the observed trends are the rational-

ization of product , implementation of tighter controls over
stocks, re-organization of the production procedures, and
investment in the new office technology and increasing use

of the computer.

Initially, a report outlining the "total factor product-
ivity" analysis was submitted to the Managing Dlrector,
Production Manager and Financial Manager. All three were
impressed by the amount of information provided by the
analysis and they clearly saw a scope of integrating the
analysis into the company's accounting package. At the

- o



in which the findings of the analysis were presented to the
company's senior and middle ranking management. This was
followed by a lively discussion among the managers as to the
causes of the observed trends. For instance the manager
responéible for the office automation and computerization of
the office and sales functlon, production and stock control
procedures, and wages determinations, po;nted out that
ochserved improvements in indirect labour (see Fig.6.16) and
working capital (see Fig.6.17) productivity indexes have
been the result of increased expenditures (in real terms)

|
|
|
|
J
request of the Managing Director a conference was arranged
in miscellaneous inputs. This point helps to illustrate the
inter-relationships between partial productivity measures.
Clearly, partial measures fail to show the effects of sub-
stitution of one factor for another. But nevertheless

substitutions greatly affect the partial measures.

The "total factor productivity" measure was incorporated
in the company's management accounting package. The imple-

' mentation of the technigue did not require the collection of
additional data, and the burden placed on'company resources

were minimal.

6.4 General Conclusions o N _ ~ﬂ
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The "total factor productivity" measure proved readily
appiicable to two highly complex industrial operations
organized along orthodox batch production lines, both in
terms of concepts involved and in terms of the availability
of the data required,as a by-product of existing managerial
planning and control functions. Hence, it seems eminently
practicable to apply the model to a wide fange of industries
at relatively small cost in the interest of providing
additional valuable guides for managerial evaluations of
past performance or of prospeétive alternatives.

Measurement of output using several techniques was
illustrated. When complete data is at hand, it is immaterial

whether Equation 5.3 or deflation by internally constructed

price index is used. In the case of companies where the

product rangé is too large {(as in the case of Company B) and

S ,,,.,,,,,,f7—<4




quantity and price data incomplete it is possible to use the
published price indexes.

|
|
|
|
|
|
|
|
| | | ?
The use of multiple regression techniques for measure- |
ment of outputs (the method is also extendable to material |
and labour inputs) is an original development. The appli- }
cability of the technique was clearly demonstrated. The main |
advantage offered by thisktechﬂique is the removal of impact :
of batch changes on the output. The accuracy of the method |
depends on the number of cbservations and complete repre-

sentation of components.

In assessing the labour input, fringe beﬁefits, over-
time and indirect labour contributions were included. The
reason for this is that the "total factor productivity™
seeks to link the total output of the firm to all resources
expanded in achieving this output.

The measurement techniques described in Chapter 5 for

_ the assessment of capital conttribution per veriod were

examined in the case of Company A. Both the "Investor con-
tribution " and "service value" methods represent a flow
concept. In practice the application of "service value”

concept may prove impracticable because it requires a_

g

detailed breakdown of capital assets. The observed differ-

‘ences between the total factor productivity computed usihg

these two concepts was small. However, the "investor con-
tribution" provides the analyst with an easier method of
analysis. But care must be exercised in choosing a rate of
return which reflects the normal state of operation.

The "total factor productivity" measures are not unique,
insofar as depending on definitions of output and inputs used.
Several values may:exist in the case of a éingle company .

In choosing a particular'definition and technique, what is
important is that the "total factor productivity" measure
vields a reasonably accurate picture of what is taking place
and that the user is not misled by small, fractional and
insignificant differences in performance. The effect of base
period on the "total productivity factor" index was discussed

in Section 6.28 and is not repeated here.
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The two case studies demonstrate that "total facter
pfoductivity" is a weidhted average of partial productivities.
This is very important, because a maximization of a partial
productivity measure may ultimately lead to an overall loss
.in efficiency of the firm. The management should strive to
ocbtain a combination of input factors in relation to output,
so that the highest possible "total factor productivity" is
realized. This involves trade-offs among labour, capital,
material and "other” inputs. Productivity increases and
‘decreases are passed from one area of the firm to another
through various managerial decisions. The method for
measuring "total factor productivity" presented here ties
the firm together. Also, the analysis demonstrates for
management the result of trade-off-decisions regarding the
combinations of input factors.
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Sales Revernue 7,507 8,102 9,064 10,399
Dividend from Securities - - - -
Interest from Bonds - - - -
Any other additional Income - - - -
+ Finished Goods Inventory +86 +89 ~158 -

change .
+ WIP Inventory change +50 +50 - +80
Total Qutput 7,643 8,241 8,506 10,475
T2BLE 6.16 TOTAL OUTPUT OF THE FIRM (£K)

75/76 76/77 77/78 | 78/79

1. Total Output 7,643 | 8,261 | 8,906 | 10,475
2. Firm's Deflating Factor 1.00 1.16 1.33 1.50
1 = 2 Total output in terﬁs _

. 3
of 75/76 base year 7,643 7,104 £,696 6,983

TABLE 6.17 TOTAL OUTPUT OF THE FIRM, DEFLATED TO 1975/76

0 gt o e St =

BASE, USING THE FIRM'S DEFLATING FACTOR

75/76 76/77 77/78 78/79
1. Output 7,643 | 8,241 | 8,906 | 10,475
2. Wholesale Price Index - ‘ -
"Electrical Eng . Section 1.00 1.1 1.25 1.37
1 7 2 Total output in terms
. 7,64 7
of 75/76 base year 643 7,168 ;125 7,646

TABLE 6.18 TOTAL OUTPUT OF THE FIRM DEFLATED TO 1975/76

BASE, USING THE WHOLESALE PRICE IMNDEX DEFLATOR




75/76 76/77 77/78 78/89
1. Capital Input (Chronous 339 356 176 185
Charges) -
2. Firm's Deflating Factor 1.00 1.16 1.33 1.50
1 = 2 Capital input in terms 7 28 957
of 75/76 base year 339 30 3

TABLE 6.19 CAPITAL INPUT DEFLATED TO 1975/76 BASE YEAR

USINCG THE FIRM'S DEFLATING FACTOR

75/76 76/77 77/78 78/79
1. Capital Input ( Chronas 339 356 376 385
Charces)
2. General Retail Price 1.00 1.15 1.32 1.43
Index Deflator
1 = 2 Capital input in terms 339 310 285 270
of 73/76 base year
TABLE 6.20 CAPITAL INPUT DEFLATED TO 1975/76 BASE YEAR
USING THE GENERAL RETAIL PRICE INDEX
75/7¢6 76/77 77778 .78/7¢9
Materials and Parts Purchased | 3,628 2,674 3,451 3,607
+ Inventory change =373 +246 ~-210 =153
Total Materials and Parts 3,255 2,920 3,241 3,454
Purchased

TABLE 6.21 TOTAL PURCHASED MATERIAL AND PARTS USED
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75/76 76/77 77/78 78/79
1. Miterials and Parts Used 3,255 | 2,920 | 3,241 | 3,454
2. Firm's Deflating Factor 1.00 1.16 1.33 1.50
‘1 - 2 Material and Parts
Used in terms of 75/76 3,255 2,517 2,437 2,303
base year

TABLE 6,22 ‘MATERIALS AND PARTS USED DEFLATED TO'1975/76

BASE YEAR, USING THE FIRM'S DEFLATING FACTOR

75/76 76/77 77/78 78/79

1. Materials and Parts Used 3,255 | 2,920 | 3,241 | .3,454
2. Wholesale Price Index

(Purchzses) of Elect. 1.00 - 1.18 1.27 1.39

Engineering Section '
1 & 2 Materials and Parts
Used in terms of 75/76 3,255 2,475 2,552 2,482
base year

TABLE 6.23 MATERIALS AND PARTS USED DEFLATED TO 1975/76 BASE

b A e ——— i 4=+

YEAR, USING.THE WHQOLESALE PRICE INDEX (PURCHASES)
DEFLATOR ~ - -
75/76 76/77 77778 78/79
Total Wages & Benefits 700,000 } 647,000 | 626,000 | 787,000
“Total Clocked Hours - 516,892 | 445,517 | 383.069 | 412,428
Average Hourly Rate 1.35 1.45 1.63 1.90
% Increase in Hourly Rate 7.57 12,5% 16.5%
!
t .
Total Wages & Benefits Based
on 75/76 base yeas Hourly ate 700,000 | 601,448 | 517,143 | 556,778

TABLE 6.24 DIRECT LABOUR INPUT BASED ON 1975/76 BASE YEAR

HOURLY RATES

e




75/76 76/77 77/78 78/79
Total Salaries 1,696 1,930 1,820 2,140
Number of Salaried Employees 530 545 495 474
Average Szlary 3.084 3.541 3.677 4.315
% Increase in Salaries 14.87 3.8% 23.0%
Total Salaries Based on o '
75/76 Base Year Average 1,696 1,681 1,527 1,462
Salaries '

TABLE 5.25 INDIRECT LABOUR INPUT BASED ON 1975/76 BASE YEAR

AVERAGE SALARY RATES {£K)
75776 76/71 77778 78/79
Fringe Benefits 193 286 320 469
Firm's Deflating Factor 1.00 1.16 1.33 1.50
Fringe Benefits in terms of 193 247 241 213

|
|
|
|
| 75/76 Base Year
|
|
|

FRINGE BENEFITS DEFLATED TO 1975/76 BASE YEAR

TABLE 6.26

USINC THE FIRM'S DEFLATING FACTOR

75/76 76/77 77/78 78/79
1. Fringe Benefits 193 286 320 469
2., General Retzil Price Index 1.00 1.14 1.3 1.43
Deflator
1 £ 2 Fringe Benefits in
terms of 75/76 base year 193 251 242 328.

TABLE 6.27 FRINGE BENEFITS DEFLATED TO 1875/76 BASE YEAR,

USING THE CGENERAL RETAIL PRICE INDEX DEFLATOR
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77778

2,529

75/76 76/77 78/79
Wages & Benefits 700 601 517 557
Salaries 1,696 | 1,681 | 1,527 | 1,462
Fringe Benefits 193 247 241 313
Total Labour Input 2,389 2,285 2,332

TABLE 6.28 TOTAL LABOQUR INPUT AND FRINCE BENEFITS DEFLATED

USING THE FIRM'S DEFLATING FACTOR

75/76 | 76/77 | 77/78 | 78/79

Wages & Benefits 700 601 517 557
Salaries 1,696 1,681 1,527 1,462
 Fringe Benefits 193 251 242 328
Total Labour Input 2,589 2,533 2,286 | 2,347

TABLE 6.29 TOTAL LABOUR INPUT AND FRINGE BENEFITS

DEFLATED USING THE CGENERAL PRICE INDEX ™"

AS THE DEFLATOR
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75/76 76/717 77/78 | 78/79

Material and Supply | oo | 103 | 113 128
Fuel and Power 56 68 103 98
Plant Maintenance 27 61 88 85
" Plant Rental . 3 7 10 9
Technical Expenses 67 73 66 162
Administration and Travel - 251 250 |, 286 369
Establishment Expenses 143 215 243 |- 266
Local Administration 57 - 120 116 94
Tfansport o 78 94 71 - 72
Transfer out {133) (28) (50) {(50)
Sub Total 659 963 | 1,046 | 1,233
G &M & EDP 194 255 253 292
Commission 8 25 158 98
Research and Development 31 47 52 57
Rovalties and Eng. Fees 26 29 43 30
Layouts ' 24 16 65 38
DMD 41 47 54 97
Sub Total 24 419 625 612
Total ) 983 1,382 1,671 1,845

TABLE 6.30 TOTAL MISCELLANEQUS GOODS AND SERVICES INPUT (£K)
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75776 76/77 77/78 | 78/79

Purchased Miscellaneous
Goods and Services

Firm's Deflating Factor 1.00 1.16 1.33 1.50

983 1,382 | 1,671 1,848

Miscellaneous Goods and
Services Input in Terms of 983 1,191 1,256 1,230
75/76 ' |

 TABLE 6.31 TOTAL MISCELLANEOUS GOODS AND SERVICES INPUT
DEFLATED TO 1975/76

75776 76177 77778 78/79

Total Miscellaneous Goods
Input

General Price Index Deflator 1.00 1.15 1.32 1.43

983 | 1,382 | 1,671 | 1,845

Miscellaneous Goods and
Services Input in Terms 983 1,202 1,266 1,290
of 75/76 Base Year

TABLE 6.32 TOTAL MISCELLANEQOUS GOODS AND SERVICES INPUT
DEFLATED TO 1275/76 BASE USING THE GENERAL
PRICE INDEX AS THE DEFLATOR




75/76 | 76/77 | 77/78 | 78/79
Qutput (1) 7,643 | 7,106 | 6,696 | 6,983
Inputs: Capital 33¢ 307 283 257
Material 3,255 | 2,517 | 2,437 1 2,303
Labour 2,589 | 2,529 2,285 2,332
Other 983 | 1,191 | 1,256 | 1,230
Total Input (2) ' 7,166 | 6,544 | 6,261 | 6,122
(1) = (2) 1.067 | 1.086 | 1.070 | 1.141
Total Productivity 106.7 | 108.6 | 107.0 | 114.1
Total Productivity Index 100 101.8 | 100.3 | 106.9
Qutput/Labour 2.952 | 2,809 | 2.930 | 2.994
Labour Productivity Index 100 95.2 89.3 101.4
Output/Direct Labour 10.92 | 11.82 | 12.95 | 12.54
Direct Labour Productivity 100 108.2 118.6 114.8
Index
Qutput/Indirect Labour 4.046 3.685 3.787 3.934
Indirect Labour Productivitj 100 91.1 93.4 97.2
Index
Output/Material Input 2,348 2.822 2.748 3.032
Material Productivity Index 100 120.2 117.0 129.1
Output/Capital Input 22,55 | 23.14 | 23.66 | 27.17
Capital Productivity Index 100 102.6 104.9 120.5
Output/Fixed Capital . 99.26 h 79,82 71.20 71.26
iiz:i Capital Productivity 100 . 80.4 71.7 71.8
Qutput/Working Capital 29.17 32.59 36,39 39.23
?zzting Capital Productivity 100 111.7 12;.8 134.5
Qutput/Other Inputs 7.775 5.965 5.331 5.677
Other Inputs Productivity
Index 100 76.7 68.6 73.0

TABLE 6.33 TOTAL FACTOR PRODUCTIVITY INDCEX AND PARTIAL

PRODUCTIVITY INDEXES




75/76 16/77 77778 78/7%
Output * (1) 7,663 '7,606 | 7,079 | 7,640
Inputs: Capital ** 339 310 286 270
Material * 3,255 | 2,460 2,503 2,445
Labour , 2,589 2,531 2,287 2,347
Other ** 983 | 1,205 1,271 | 1,292
Total Tmput (2) 7,166 | 6,506 | 6,347 | 6,354
(1) - (2) _ 1.067 1.138 1.115 [ 1.203
Total Productivity 106.7 | 113.8 111.5 120.3
Total Productivity Index 100 | 106.7 104.5 | 112.7
Qutput/Labour 2.952 | 2.925 3.095 3.256
Labour Productivicy Index 100 89.1 104, 8 110.3
Qutput/Direct Labour 10.92 | 11.82 12.95 12.54
pizect Labour Froductiviey 100 | 108.2 | 118.6 | 114.8
Qutput/Indirect Labour 4.046 | 3.834 | 3.997 4,266
iggiiegt Lzbour Productivity 100 94.8 98,8 105. 4
‘Qutput/Material Input 2.348 | 3.010 2.828 3.125
Material Productivity Index 100 128.2 120.4 133.1
Output/Capital Input 22.35 | 23.88 24.75 | 28.30
Capital Productivity Index 100 {105.9 | 109.8 | 125.5
Qutput/Fixed Capital 99.26 | 82.27 74,52 74,18
Fixed Capital Productiéity 100 82.9 igji“vu#“;::;—
Index ‘ _
Output/Working Capital 29,17 | 33.66 37.86 | 40.86
?ggiing Capital Productivity | 4, 115.4 129.8 | 140.1
Qutput/Other Inputs 7.775 | 6.144 5.570 5.913
g;g:; Inputs Productivity 100 79‘6 1.6 6.1

* Deflating Factor: Whelesale Price Index, Electrical Enmgg. Section

** Deflating Factor: General Retail Price Index

TABLE 6.34 TOTAL FACTOR PRODUCTIVITY INDEX AND PARTIAL
PRODUCTIVITY INDEXES
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CHAPTER SEVEN

VALUE ADDED: CONCEPT AND THEOQORY

7.1 Introduction

7.2  Concepts

7.3 Variants of Value Added of an Enterprise

7.4 Distribution of Value Added

7.5 Nominal and Real Price Value Added

7.6 Value Added Productivity Model

| 7.7 Value Added v Total Factor Productivity

| 7.8 Dualism of Value Added Productivity

i 7.9 System of Administrative Planning based on

| vValue Added of Enterprise

| 7.10 Aggregate Index for the Analysis of Value

| Added Productivity

| 7.11 Measurement and Analysis of Value Added Ratio
|
|
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7.1 Introduction

This chapter is devoted to discussing the "value
added" concept, its role as a business indicator, and
methods of determining its real value.

. Two methods are suggested for measuring the "value

added" productivity, VAR. One is based on using real output -

ahd”input valueé, and the other on using value added and
labour and capital indexes.

The value added as a business indicator has dualism in
its nature. 1Its intensive quality (i.e. expressing the
result for an instant in time) is concerned with value added
productivity, VAP. The extensive quality (i.e, expressing
the total record of operations over periods of time) is con~
cerned with economic effects of changes in added value
produced compared to variations in input factors.

One aspect of value added not discussed in this chapter
is its increasing use in wage bargaining, and as the base
for company wide incentive schemes. For detailed dis-
cussion see Reference 24,

7.2  Concepts » A T ———

In its simplest form added value is defined as the
difference between the value of goods produced or services
rendered and the cost of the materials and other purchased
services. This simple concept can be applied to measure

~the net output of a nation, an industry, an organization or

an individual.

.

The added value represents the work done by a concern.
Considering a firm, its sales consist of the sum of gross
profits and costs. Part of the'cos£, and hence the value
of sales, arises directly from intermediate purchases from
others of raw materials, goods and services. The remainder
of the value of sales is made up of gross profits plus the
wages and salaries of the firm. Thus by subtracting from
the value 9f sales the cost of coods and services bought ln,
we chtain a measure of value added to these goods and A
services or of the work done by the firm (the contribution

—<4
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of the firm as an entity). This is equal to gross profits
Plus wages and salaries, '

The concept of value added has a very important tech-
nical merit (Ref.l: U.S. Bureau of Census, 1954; Census of
Manufacturers, 1957).in that it makes it possible to cal-
culate the net output of each activity unit without double
accounting. To consider this p01nt further, .at national, .
level the work done in the economy as a whole is determined
by adding the net output "value added" figures for all firms.
~There is obviously no point in adding up their sales for
this will involve counting mahy things twice. Because of
this technical advantage, the value added concept has long
been used in determining the gross national output (also
referred to as national income) which is equal to the sum of
profits and wages and salaries. The national measures of
resources used in terms of labour and capital are concerned
with how they are used to produce net output, which is a
measure of the work done.

Because of the extensive use made of the value added
concept at macro level, it appears to the author that pre-
sentation of this fiqure in accounts of an enterprise is
essential. Yet the figure is neglected. The reason for this
is probably that from an accounting and tax point of view
there is no need to calculate value added and it does not,
like sales for example, have to appear explicitly in the

accounts.

In this chapter we are concerned specifically with the

that statistics like sales per unit of capital are
essentially meaningless. For the quantity of capital you
need to employ is determined not solely by sales, but more
essentially by the proportion of sales that is value added
or work done. Thus a firm may have a very high sales/capital

yse of the value added concept in determining the total
productivity of an eﬁterprise. Indeed, Ball (8) .states
that: _
"the concept of value added as work done must be
critical to any study of firm efficiency. It is arguable '
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ratio not because it uses capital efficiently but because
the work done component of sales is exceptionally low, an
explanation of the low rate of return. One firm may buy
out more than another and this must be taken into account
in assessing difference in sales/capital ratios".

As well as discussing the use of value added in product-
ivity assessment of a firm, other areas of applications are
also discussed in this chapter.

7.3 Variants of Value Added of an Enterprise

The value added of an enterprise can be divided into
several types as illustrated in Fig.7.l1l. It is possible to
assign a meaning to each of them from the points of view of
macro and micro economics.

Firstly, the gross value added is obtained by deducting
the raw materials costs from the production value,
Secondly, the net value added is obtained by deducting the
depreciation expense from the gross value added. Thirdly,
a first type measure of business performance, Fbl' is
obtained by deducting the payments, such as rents etc. from
the gross value added. The fourth is business performance
measure of second type, sz, this . is the remainder_chtained
by deducting the. paid interest from the business performance
of the first type; in other words, it is the sum of the
labour income, depreciation expense and profits of the equity
capital. The fifth is a business performance measure of the
. third type, Fb3' and is obtained by deducting the depreciation

expense from business performance of the second type, sz.

The traditional category of profits is approached through
this hierarchical structure from gross value added and net
value added to business performance of the third type and so
on, Generally it is better to select the business performance
of the first type as the value added of an enterprise, parti-
cularly in the present climate, where the prevaiiing concept
of an organization is a co-operative body of labour and
management. Furthermore, inclusion of depreciation and

interest charges are justified for the following reasons. The
depreciation expense of course is a part of value produced
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within an organization; and it is incorporated into the reserve

account but used as a fund.for routine business activities.

On the other hand, if the equity capital is‘éugmented, the re-
sulting interest charges should be a value materialized in the
profit of the equity capital.

For current procadures of accounting the value added in

the accounting schemes, and differences bhetween technigues

of manipulation and their assertion, see Refs.2,3,4,5 and 7.

7.4 Distribution of Valué Added

Generally the results of the improvement of value added
in enterprises are allotted between internal and external
interest groups as shown in Fig.7.2. The external parties
concerned are the consumers. In this stage, products having
a high gquality are to be'provided to the customers at a low
price. The second party concerned in the government and the
allotment is made in the form of tax. The third parties con-
cerned are suppliers of funds; the allotment will be made in
the form of interest to the financial_institutibhs and bond
investors and in the form of dividends to the stockholders.
Classically speaking, the dividends to the stockholders are
of intermal allotment. However, in view of the typical

| b —— =

trend of today's enterprises in advanced countries, the .. -

-'dividends are v1rtually similar to the interest on bonds.

The internal allotments consist of, first of all, the
wages of the employees, the in-house welfare facilities,
payments of various types of insurance for the employees,
betterment of working conditions ete; secondly, the
remuneration of the management and thirdly, the reserves
and reinvestment,

7.5 Nominal and Real Price Value Added

Analysing the "value added" it is clear that it is
decisively affected by a change in the ratio of the prices
of elements of physical investment (raw materials, energy,
etec.] to that of product. Hence, expressing the value added
in current prices indicates the result through the changes in

- the relative prices of physical inputs and the outputs. This
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cbviously does not clarify the contributing portion of the
physical productivity to the value added. This contributing
portion will be approached by using the value added estimated
in constant prices thus eliminating the effect of relative
price variation during the period.

In routine business activities, the value added is
usually evaluated using current prices and the distribution
policy of wvalue added is also determined considering the

- value added at current prices.

- 7.5.1 Single deflation and double deflation

In this section we look briefly at the concept of de-
flation to get the value added at constant prices, while the
variants of the way to derive the value added at constant
prices will be shown later.

In order to understand the deflation concept, the
purpose of measuring the real value added should be defined
clearly. There are at least two distinct purposes in

'measurinq the real value added through time. The first is

to get the productivity measure in terms of value added.
The second is to get the level of purchasing power, as indi-

T - e ————— e .

cated by value added or ;n;gmgzwiﬁor_the former pUrpOSE We. .. -
"haye to grasp the value added and its variance based on the

physical or economic relations in terms of constant prices.
On the other hand, as to the second purpose we have to
eavaluate the value added by eliminating the wvariations of
money value. In the latter case simply, the implicit de=-
flator of GNP to the past "value added" and the expected
general price index for the future periods, can be applied.
In this case, the method of deflation is a kind of single
deflation. '

As for the former case, the theoretically strict method
is called double deflation. Double deflation is used because
the variation in prices of inputs and outputs are different,
mainly due to imperfections of market place (e.g. differences
in productivity variations between industries).




In a market economy, the value added at constant prices

is genetrally used in the analysis of productivity, not at the
firm level but rather at industrial/sector level. This is
because a variation of value added at constant prices re-
flects a kind of physical variation of net output which is
specifically used in understanding the performance of each
industry/sector in relation to national ecconomy. On the
other hand, a firm seeks profit directly or value added in-
directly, and in this case the performance of enterprise,
i.e. profit or value added is evaluated not with constant
prices but nominal/current prices. In fact, the amount of
value added realised at the firm level is regarded as pur-
chasing power of the enterprise by the management at any..
given moment, |

To summarise, the constant price value added is useful
in productivity analysis at the firm level, while value
added at nominal/current prices determines the purchasing
power of the firm.

_7.6‘ Value Added Productivity Model -

In this model the value added is related to the factors
of production excluding "throughput" factors.. . The_model can

F
L +C

(7.1)

|

|

|

|
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|

|

|

|

|

|

|

|

|

|

be formulated as followss= . ... — o ‘
VAP = J
|

where
‘ VAP is value added productivity

F = value added
I, = total labour input
C = capital input

Use of value added productivity assessment, utilizing
equations similar in structure to the cone stated above
(vartations concern the definition of terms), have been re-
commended by many authors (Refs.l10,15,16,17).

capital input were discussed in a previous chapter and are

The various methods of determining the labour and
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not repeated here. The value added definition given previously
has to be modified to account for changes in finished goods,
work-in-progress and raw materials inventory. Also depending

on the nature of the firm's operation it may be necessary

to account for production of inplant machinery and research
and development. Bearing in mind points just raised, F 1is
defined as follows:-

F=(8+ I, + MP +I) - B+ I | (?.2)

FW
where ‘
S - = sales
Igw = inventory change (finished and work=~in-progress)

MP = goods manufactured in plant e.g.:internally
produced tools, machinery

I, = intangible capital outlays e.g. research
and development

E = gxclusions

IR = inventory change (parts and raw materials)

In the above, absolute values adjusted for price
changes are used. The analysis of physical productivity
which 1s an essential category of productivity faces
sertous difficulties in aggregation, because of different
physical dimensions which are attributed to outputy and:

_inputs. The value added-overcomes this aggregation problem,

as the term "value" neglects the different characteristics
of physical levels (value being the common dimension), so
that the aggregation and comparison of the inputs and out-

puts are accomplished in the same unit.

In Equation 7.1 absolute values adjusted for price
changes are used. The value added output and total labour
input represent flow concepts, consequently is desirable
that this idea forms the basis for assessing the capital
contribution. This means that the capital input in the
above model should be annualized using either service or
the investor contribution concept of the capital described
in Section 5.6.3. However, by using value added, labour
and capital indexes in place of absolute values, it beconmes




possible to use the net stock concept of capital for annual-
izing this input factor as well as the other two concepts
mentioned in Section 5.6.3. Using this approach would also
allow use of physical measures of labour input. This is
possible because indexes do not have any physical dimensions.
Because of the disadvantages associated with the purely
physical measures, it is recommended not to use them, except
in circumstances in which difficulties associated with the
determination of financially weighted assessments outweighs
the disadvantages associated with such estimates.

The total factor productivity can also be defined as
follows:= ‘

__FI
VAPL = T +¥CT (7.3)
where
FI = index of value added output

LI = index of labour input

CI = index of capital input

X = average labour share of production

¥ = average capital share of production
(total income before tax component)

Indexing of the physical inputs facilitates the com-

R < St ¥ .

bination of the inputs estimated using diverse concepts,,;“_ﬁ__,ui

_ but as it is clear from the abové statement it also requires
a scheme for weighting these inputs. The weighting plan
suggested is based on the Bureau of Economic Analysis (U.S.A)
methodology. The indexes are defined as follows:-

. 'Fi'

x Fo
L,

: I
LI_ IR s
1 LO
o Ci .
CI. [
i Co

where 3 refers to the current period and o refers to the
base period.

The value added productivity VAP (Equation 2.1) is
quite different from the rate of return in the nature and
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meaning of the numerator and denominator. The numerator and
denominator of VAP are both flow concepts respectively, and
express the total record of operation during the periocd con-
cerned, while the numerator of rate of return, profit, is a
flow concept and its denominator is the average invested
capltal; a stock concept. Therefore, the rate of return re-
flects the capacity of the invested capital and VAP expresses
the result of the invested capital. Accordingly, in the case -
of the rate of return, the subtraction of the numerator from
the denominator is not permissible, but in the case of VAP,
such a subtraction is allowed, and, furthermore, this result
expresses the absolute value corresponding to the "rate" of
this ratio. In mathematicai terms, the numerator cf the rate
of return, is an extensive quantity while the denominator is
an intensive guantity. In the terms of business economics,
the function of the numerator is different from that of the
denominator. Therefore, the subtraction between the numerator
and the denominator is not allowed mathematically and more-
over is meaningless'from the point of view of.business
economics. On the other hand, in the case of VAP, both
numerator and denominator are extensive and operating
quantities, so that the subtraction of one from the other is
not only allowed, but also significant in the light of business
economics, = R I

" Business economists (18) generally agree that an enter-
prise's performance, which achieves only the rate of social
average profit (i.e. average value of profit to total invest-
ment from macroscopic point of view) is not satisfactory

because this only means that the necessary and minimum profit
for the capital invested in the enterprise has been recovered.
The social average profit is the opportunity cost of capital.
However, with the opportunity cost as the lowest limit of
business performance, an enterprise makes efforts to increase
the absolute quantity of the amount of profit in its daily
business activities. The former is an intensive-oriented
character of the enterprise and the latter an extensive-
oriented one. The concrete activities of an enterprise

tntend to acquire a larger extensive character under certain
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inténsive conditions. This is a pursuit of the effect of
thé so-called "“scale merit". 1In this event, the "scale
merit" does not only mean the generally called "economics
of scale", but also a larger-~amount~profit-oriented
character.

The added value productivity model presented (Equation
%:l) énables the expression of the wvaricus characteristics
stated above by means of very much simplified indicators,
as demonstrated in Section 7.80f this chapter.

7.6.1 Inventory change

As has been mentioned, the output for added value pro-
ductivity measurement should reflect the total production

effort of the firm, Hence, the need for adjusting the output

for changes in inventories. For this purpose inventories
were divided into three groups: finished goods, work-in-
progres and raw materials and parts. If the finished goods
and work-in~progress inventories have increased over the
period under consideration, an addition to the output would

be warranted. If the inventories have decreased, a deduction

from the output is necessary. In the case of raw materials
and parts we are 1nterested in the "materlals used" and the

Y kM e . e =

The changes in finished goods and work-in-progress in=~
ventories could be stated mathematically as follows:~

I, = (F

pw = Ty 1 T F) T o W)
where
Fi 51 and Fi = finished goods inventories for
periods i + 1 and i
Wi + 1 and Wi = work-in-progress inventories for

periods i + 1 and i

The method of assessing work-in-progress inventories
should be based on the current accounting practice of the

company under consideration.

Opening inventory lS subtracted from the. c1051ng 1nventory.—~~—ﬂ~f




‘The changes in raw materials and parts inventory can be
mathematically expressed as follows:- '

I‘R (Ri = Ri' * l)

where
'R and Ri = raw materials and parts inventory
for periods 1 + 1 and i

i+ 1

i :

There are diverse opinions in the productivity-measure-
ment literature concerning the usefulness of the total factor
productivity model presented in Chapter 5, compared with
added value productivity presented in this chapter.

Ball (B) states thati-

"efficiency measures are concerned with the inter-relationship
between inputs and oﬁtpus. Efficiency measurement éonsists

in relating inputs to work done. But the work done by the
firm is not measured by its profit or by its sales. Neither
of these figures can be brought directly into relation with
the rescurces employed by the management”,.

Kendrick et al (9} argue the case in favour of value
added. They state that:-

ity Y B gy o e —

"the inputs are the basic I'factors of productlon' - .labour - - o

and capital including land. The intermediate materials

and services are already included in the value of final
products; and total labour and capital inputs include those
that contributed to intermediate as well as final products.
Thus intermediate producis should not be added either to the
final product or to factor input, if double counting is to
be avoided".

Taylor and Davis (10} argue the transient nature of
material input and state:=-

"many firms consider raw materials purchases as the fruits
‘of someone else's labour and, as such, an abfuscation of
one's own productivity effort. For this reason raw materials
should be excluded as an input and output',
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7 On the other hand the above authors recognise that
measurement of total factor productivity using the added
value approach ignores the possible productive gains achieved
through better material handling, better material quality etc.
and in cases of firms with large material input they concede
that this exclusion is not justified,

Others bring out this point as well; Kurosawa (11}
states that:-

"regarding value added productivity analysis, we always have
to keep in mind the preceding processes of complicated
analysis. For example, the effects of improvements of
material use cannot be elucidated by value added analysis
alone because the value added is obtained by deducting the
cost of materials etec. from the gross sales. Since the ratio
of materials cost to total cost including purchased goods
would average 62 per cent for a Japanese manufacturing firm,
it might be a mistake to attempt to understand a business
situation without detailed analysis of the process of materials
utilization".

Indeed this fact was borne out in analysis of product-~
tvity of one of the firms presented in our case studies.
In fact, the starting point in any discu5510n of ~effictency

“must be to specify the set of objectives that one is seeking

to attain. It is necessary to measure efficiency in relation
to objectives, otherwise it has no meaning. The choice be-
tween the two approaches depends on the measurement objectives.
However, as a genetral guide, Kraus (14) argues that the use
of added value as an output measure is most desirable when
the outside purchases to the sale ratio changes markedly
from period to period.

Based on the observations and experience in assessing
productivity, the author recommends the use of total output
in the case of material intensive companies.




7.8 Dualism of Value Added Pfoductivity

As stated in Section 7.6 the concept of total product-
ivity of value added has dualism in its nature (Ref.6).
This makes the "added value" a very powerful business in-
dicator. '

is possible to deve10p the following analysis:

(a) Broadly defined economic effect = (Fy - Il) —'(FO - Io)

(b} Results of Efficiency (C&J =F, - ToIl.

This is an effect to net output brought about exclusively by
the change of efficiency.
t = - - ™ - -

(¢) Scale effect (Q S) (Fl Il) (FO Io) (Fl FOIl)
|
|
|
|
|

|
|
|
|
|
|
|
|
l
From the relationship. between extensive quantltles it

broadly defined result of
econcmic effect (a) efficiency (b)
= (Thy = Fy) = (1) = 1)
Qs AZX

where

= L + C = Total Input

Value Added

= VAP = Productivity Ratio e

denotes base year and.l denotes. comparatlve year

ﬁoamu
Il

|
L in the above equation is an output to be produced

in comparative years 1f the productivity is fixed at the J

base year and the real output at base year (FO) is subtracted

from I I, to get the effect of output increase (QS) brought

about by increase of input. After that, subtracting the

increment of input (AI) gives positive additional net output

so far as the productivity at the base year is larger than

LTy Ve '




TABLE 7.1°

DUALISM OF TOTAL.VALUE ADDED PRODUCTIVITY

Intensive Quantity

(Efficiency Index) Extensive Quantity

At the éame period i J F/I =fr;; : P -1
Comparison through . _ _ .
time - P /I, # F /T (Fy = I) (_Fo I)

In short, because the comparison of intensive guantity
(efficiency), shown in Fig.7.3, is the comparison between
inclinations (T}, it has no relevance to the amount of input
(Id or Il) and corresponding amount of output (FO or FO).
Only an absolute value analysis would clarify the conse-
quences of both efficiency and scale effects. Therefore,
the broadly defined economy would be positive even if the
productivity index is under 100%, see Fig.3.2.

7.9 System of Administrative Planhing Based on Value Added
" of Enterprise -

The purposé of, today's enterprise from_thefgxandggint .
of administrative planning according to Kurosawa (12) is as =~

7 fOl.T.OWS .

Under the restrictive conditions of (1) the rate of
profit of gross capital at the necessary and lowest limit
and (2) the rate of profit of the equity capital at the
necessary and lowest limit, and according to the rate of
growth, market share and other concrete strategic’ and
tactical requirements, the size of invested capital should
be determined to enhance the gross productivity of value
added and the amount of value added as much as possible.
For convenience this system is called the multi-purpose
theory with satisfactory standards, MSS for short.

The above theory can be systematically described as
follows:=
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(1b) &=

{(r.)¢ (7.4b)
£ t

(1c) To pursue the total productivity of value added (F/T)
as much as possible considering the increase of wage

M .
(la) 2 2 (p 44 (7.4a)
a .
\
\
|
|
\
|
|
|
|
|
\
\
|
\
|
|
|
|
|
\

rate (w)
(1d) To attain a prescribed rate of growth (AF)¢
where _

F = Ma + Mb = Mt

F = value added

Ma = profit for equity capital

Mb = interest for borrowed capital

M, = total profit

Kt = Ka + Kb

Kt = total investment

' Ka = equity capital
Kb = ‘borrowed capital
(I_.}¢ = the minimum objective profit rate of equity

(Ptl¢ = the minimum objective profit rate of total

investment —_ e e e
T =V+C.. T
""""" ) v = labour cost
C = capital cost
(4F) = objective growth increment

Here we have a productivity function as follows

Y = £(X), €' >0, ¥* <0 . (7.5)
Y £ F/L, value added labour productivity

| X = Kt/L, capital intensity of labour

' L = labour input

capital
|
|
|
|
|
|
|
|
|
|
|
|
|

The target standard :of the profit rate of equity can-
ital aid profit rate of total investment are determined as
follows:-




. ?- ) N
Ma = (Ta)¢.Ka _ {7.6)
Then
M K
a 2 a
SARAUREL » : (7.7

|
|
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From Equation (7.4a) "Ka" is . -
From (7.4b)

> .
Then ‘
M - K )
k2 _t =
The permitted limit to choice is determined as follows:
My v
T and L= W are added to (4) to get
: K
F E RS S
T = EX) = (I‘a)q&.IA + = t T {7.10}
where W = wage rate
Mt + V=PF
and
% = Wis added to (7.%) to get
F_ 2 y
T = f(x) = (Ft)¢.x + 5 (7.11)

- e e s ——t < ¢

. Since (7.10) and (7.11) both ate the function of "x"
I and their lefthand side is F/L = £{X), these two equations
l' determine the limit to choice.
|
|

So far as the example herein stated is concerned, only
the restrictions of la and 1lb will do and that of lc is con-
sidered to be included in 1lb, if viewed in terms of form.
However, 1f we view this system in terms of substance, the
condition lc is necessary and indispensable. Indeed, this
condition is most fundamental. Namely, “Ta“ and “Pt" are
independent of (unrelated to) the considerations of "w"
(wage rate) itself. Maintenance and improvement of "I'" are
rather often against those of "w"., In the ex-post calculation,

"w" is a given one, upon which "I'_" and "Pt“ appear as a

result of calculation. However in ex-ante estimatioh (planning},
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the above order becomes reverse. That is, first of all, the
utilization plan of manpower resources and the plan concern-
ing the increasing rate of wages will be established; and
again under the conditions of these restrictiens, the planned
values of F/T and (F - T) = AF will be decided after some
partial remediesland feedbacks. The processes of these
trials and feedhacks are as shown in Pig.7.4.

Profit maximizatien principle is a short term principle
in nature. On the contrary, our standard of the objective
minimum profif rate for total investment and equity capital
is a long term principle which takes into consideration the _
fixation of enterprise, which means a tendency to be lacking
in flexibility on the part of enterprise due to the increas-
ing ratic of fixed assets to the total assets and the fixation
of workers; and the increasing maturity of social responsi-
bility of business. It is not tentative operating rules to
be taken for the occasional situation of the business but a
fundamental strategic principle of business behaviour.

7.10 Aggregate Index for the Analysis of Value Added
- Productivity

In this section, the aggregate index number system for

B s TS

the analysis of value added is _presented,. _This system is-

“"also developed according to the fundamental propositions of

index number theorems and eccnomic theories.

7.10.1 General form of index number of value added

Variation of value added by factors can be analysed,
using the following index number system (Refl9)., First of
all, the index number of value added is compiled for the

~gross output and various input factors as follows:-

to= [PPodo IRy | EIRQ, IlByQ, K kS zKlklsl
Foo P g Foo L1P 0 Foo EKoko o
Wz . I - W ' I -W., . I

Kk o (7.12)

Pq ~ "1PQ * “1PQ ~ K
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where

I = economic index number

‘ = yvalue added (here it denotes the "net" wvalue
added)

IF = index number of value added with current pricé
or nominal value added

Foo = yvalue added in base year price

P = price of product

= quantity of product
1P = price of physical flow input factors

K = capital goods used
= price of capital goods

§ = rate of depreciation, reciprocal of the year of
duration —

pq = ZPOqO/FOO = weight for igdeg of value of products

Vipg= ElPOQO/FOo = weight for index of wvalue of flow
inputs factor

wy = ZKOkOGO/FOO = weight fo: index of value of
stock input factors

IPq = index number of value of production

IlPQ==index number of cost of physical flow input

factors

IRkS = index number of the value of depreciation—at
,__”nominalﬁterms"m”“mw,_.m,”m,mW, e
© dencotes the base year and 1 denotes comparison year

Prom the above equation, it is evident that the index
number of value added at nominal prices is an arithmetic
average of each index number such as those for value of
products, value of flow inputs and stock inputs with corres~
ponding weight which denotes the ratio of value of each
category to value added at base year.

Taking up each index number again, they.may be further
analysed as follows:-

Equl Zqul ZPOql

= . = T . I (7.13)
Pa  2P.a, IPoa;  IP.4, Pp 9y,

|
|
|
|
-
|
|
|
|
I




The subscript P and L at the right hand side of each ‘ .
index number refers to Paasche's form and Laspeyres' form

respectivély. ‘
_ IR,y PR, Iay \ ‘
I = T =TT *T = IT .1g (7.14)
dy, o9 o0 9 W
where ‘
r, =94 . ‘
B R Tq. it refers to product mix
; i -
. _ ZlPlQl _ Eiglab%ig _ ZquullPo qulallPl
1rQ ElPoQo EEquOlPO ZquaolPo ZquallPo
=I" ,I .1 (7.15)

where

where

7.10.2

1P

Kk§

U

1P

index number of gquantity of product (compiled

on specific economic composite value of IIqulP)
index number of coefficient of physical input

factor

unit requirement of physical input factor

index number of price of physical input factor

IK,k,$§

ZK_k.§ LK 1¥19%,

17171 _ lkoéo

zKlklalh

K.k ¢, °

ZKokos_o ZKokoéo T lde

o--I oI

Iy % g

Q/q coefficient of physical input factor or

'EFlleO

e R o b S A -t 7

e {7 16) e e

piled on specific economic composite value of

index number of capital goods invested (com-

LKkdS)

index number of price of capital goods
index number of the rate of depreciation of

capital goods

Resolution of value added index into gquality index

and price index

qualify and price index (Refs.l19,22) as follows:-

The index number of value added may be resolved to
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= Tr(gy) C TEeey) | (7.17)
IF(qp).' F(P)
where
IF(qL) = inéex number of value added at constant price,
or real value added with Laspeyres' form
(quantity index number of wvalue added)
IF(PP) = index number of synthesised price for value

added with Paasche's form (price index number
of value added) '

|
|
|
|
|
|

:

1 | (7.18) |

|
\
|
|
|
|
|
|
:

For the sake of simplicity, all the physical input
factors which include not only flow factors but also dépreci-
ation of capital goods are included in the category of I1PQ

hereinafter.

The structure of the guantity index number of value
added is presented as follows:-— _
ZPOql B ZlPle _ ZPoqO ZPoql ElPOQO £1POQl

I = : = . - — .
F(qL) ZPoqo ElPOQO F EPOq0 Foo ETPOQO

|

00

=W (7.19)

pa'g, ~ "iralo,
where 1P 0

_ O l - » LY - . . PICTRRSE N _,,,,o...._‘....‘_-___‘__.. B -+

To, = £y g, = index number of quantity of physical ...

S input factor with Laspeyres' form

The alternative form of the quantity index is as
follows:~

. =.zplql ) ilp,Q, B IP,q, LlP;q ) I1P,Q,  Ilp;0,
F(qP) 2P 4, ElBlQo L Fqg ) EP{go Fio. - ZlPlQ
| = WPquP - WlPQIQP (7.20)
I where
! W_ = welght for index of quantity of production
| Wz = weight for index of guantity of physical input
: ‘factor '
: IQP = index number of quantity of physical input factor

\

\

|

|

|

|

|

|

J

|

|

|

|

|

|

|

|

°

|

|

|

|

|

|

|

|

|

_ |
with Paasche's form |
|
|
|
|
|
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On the other hand, the structure of the price index
number of value added is as follows:-

P £1P.0 TP q; IP I1P 0, Il1P,Q

Ipwp) T zpl:l T TIp Ql = 7F . zpl:l - TF . TP Ql
P o*l o°l. ol o-1l ol o™l
= W'P . IP? - W'lP . IlPP (7.21)
where _ :
W, = weight for index number of price of product |
W,p = weight for index number of price of physical

input factor

This measures the effect of variance of relative price
on the variance of value added. It reflects the unevenly
devloped productivities between different industries.

The alternative form is as follows:-
= EquO ElPlQO‘ _ ZPOqO Z:quo ZlPoQo ElP]_QO

I - - - . - .
F(PL) EPoqO ZlPoQ0 FOO ZPOqO FOO ZlPOQO

=WPq o.I - W - I ' (7022)

The absolute value systems corresponding to the above
relative value systems are as follows:-

. (P S - W
- - oo o [2Fod1) A% -
Fol ~ Foo T Foo{ T g )"t TIPS (Tr g Tt
=R (Tg - D - IR0,y -1 (7.23)

Whereas in Fij' i refers to o (base peridd) or 1
{(current period) for price of value added and j refers to o
or 1 for quantity of value added. This absolute value system
corresponds to the relative value system of I

F(qL)‘
LP. g Z1P.Q
171 171
1 -7 = ZP.g [__ﬂm_ - 1] - I1P.Q —— ]
11 1o 170 LZquO ) 170 ElPlQQ
= EquO(IqP - 1) - ZlPlQO{IQP - 1) (7.24)




- This system corresponds to the system I

Fl{g,) "
. _ Zqul ZEPlQ
F,. = F, =3IP | ==——= = 1| = £1P Q, |==—= ~ 1
11 "lo o*1 EPOql _ o~1 ZlPle

= ZPoql(IPP -1 - ElPOQl(IiPP -~ 1) (7.25)

ﬁhis gsystem corresponds to the system IF(P-)'
IP.gq - fE1pLQ _
IP g {—-1—0 - 1} - I1r Q {—-—-l—o - 1]

F1o ™ Foo

o EPoqo o0 ElPOQO

i

EPOqO(IPL -1 - ElPoQO(IlPL -1 (7.26)

7.10.3 Method of measuring real value added -

Real value added or value added estimated using constant
prices could be interpreted as a king of "physical" amount
of production so far as the circulation conditions are fixed
at a certain point of each period. The structure of the
'real value added is shown as follows (Ref.l13):-

Real value added = iPiOqll igaijlqll j0 - ZZKijlkJOSJO
k
= Ip, q(l-E-l-.a.-E—-J—.-‘cS - K, .q)
© P10 131 4Py5 —ijl
Ty

where

k = —, capital asset coefficient

QIR

. While in this case, prices of output and input and the
rate of depreciation are fixed in base years, alternatively
they may be fixed in comparison years.

In short, real value added is defined when the relative
price system is fixed at a certain period of time. Then, we
have to keep in mind that the real value added will vary
according to the period for which the market mechanism is
taken to be fixed. Below a method of measurement of real
value added at constant price is developed, keeping with the

above proposition.
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Method in principle

original method in principle should be as follows (Ref.21
lPle

ql )

= IP_q; - I1P_Q, = Iq,{P_ -

| n

where Pgl is net price at comparison period's quahtity with
the base period, s price.. : '

Other methods described hereinafter are alternative
approaches to this original method.

7.10.3b Double deflation method

_ Equl ZlPlQl
ZF = 1 i (7.29)
P 1P

In this method. (Refs.20,23), according to the two
forms - Laspeyres' and Paasche's - the following two types
are possible:-

(1) Type A: using deflators of Laspeyres' form. The
deflators are as follows:
B S U
PL EPoqo -

. _ ZlPlQo
ip, XlPOQO

- The the double deflation is carried out as follows:
_ IRy, IR0y
2.1, = -
3 IP IlP
L L

And this_equation has the following structure:-

5 (Equl) (ElPlQl)
1l & === P g = wm=—== . L1P O
F Zquo oo ElPlQO 0 o
) EPlFl ‘ qu,; oo q_Zole‘llPl - 2o I, 1P, .
EPIPO qu o= o qur 1» ZaoFOlP

171




g = input coefficient or unit physical flow

factor requirement

q
d
= -~ = rate of product mix

From the above'equations it is evident that this method
expands the values of lnput and output at the base period
proportionately to the index numbers of each gquantity.

(2) Type B: using deflators of Paasche's form. The
deflators are as follows:

T Zqul
PP - IP g, q1
X
r = 1P,Q,
lPP 21P0Ql

' Then the double deflation is carried out as follows:

iP.g Z1P.Q
Il i Nl o N _
2.2, = —3 - = P g, - IlP 0. (7.32)

Pp | lPP

At first sight this method seems to be rational, but we
should always keep in mind that the formalistic_ relation=
ship may not necessarlly be realised on account of some .

“defects such as lack of unlformity of coverage, discontinuity
of commodities and other difficulties inherent in compilation
of index numbers. '

7.10.3¢ Synthesised price index

The alternative indexes to deflate value added are
synthesised price indexes representing appropriate changes
in the level of prices of output and input. The forms of
this method are already shown by Equations (7.21) and (7.22). ;
Using these price indexes, the results are as follows:-

Fl1
Fl— = 1p q - 1IP Q) = 3.1, (7.33)
P (P,)




Fqq ﬂ IPyqy ElPlQ

L
= (ZP 0dp L1P Q ) = 3.2

F
(7.34)

Synthesised price index is in fact a kind of implicit
deflator. WhiXé& - it is theoretically valid, it need not be
used in day-to-day practice of deflation because we can get
real value added applying the price indexes of gross output
and intermediate inputs before compilation of the synthe51sed
price index. Nevertheless, it is one of the most important
categories for consideration of the deflation of value
added, because it represents the fundamental structure of
deflator of value added. Any approximation of deflator should
be referred to this structure.

In day-to-day practice, getting the index number of
value added with constant price, Equations (7.21) or (7.22)
are used. On the other hand, to get the absolute value of
"value added" at constant price, Equations (7.30) or (7.32)
are used instead of (7.33) or (7.34).

7.10.4 Substitute index number for synthesised price deflator

So far as the conditions of marginalism are_satisfied,

or under condltlons of perfect competition, firms.are- acting -
"So as to attain the maximum profit, the deflator to obtain

the real value added will be the price index for the product.
But the real world is far from this model of marginalism,
Then, the synthesised price index mentioned above is regarded
as a theoretically valid form of deflator for the nominal
value added. Here it is necessary to examine the possible
bias if the product price index,.Ip, is used as a sub-
stitute for the input price index. From Equation (7.29) the
following equation is derived:

I
2, = (_zplql - 21P1Q1 . Il%/l (7.35)

Then, if the single deflation is carried ocut using Ip, the
comparative results between single and double deflation are
known beforehand. They are:-




{(a) If IP = IlP then 3F = ZF
(b) I, < I, 3 < 2,
(e} I, > I, 3 > 2
where 3 = real value added deriﬁed by single deflation.

 The conditions of coincidence of the results of the

deflation are examined here, usxng both Paasche's and

Laspeyres' formulations, in cases of double deflation and

deflation by synthesised price deflators.

First, the results of deflation using Laspeyres' form |
shown in Equation (7.30) and (7.34) and synthesised indexes |

presented in Equations (7.33) and (7.34):

IP.gq, Il1lP.Q
- 11 171 _ -
2.1F = -3 T Iq' . EPOqo IQ . ZleQO
PL lPL B P
and _
_ Fll _ _£quo ZlPlQ
FPL 1o 9p 1o P

Then to get the condition of coincidence between the

|
|
results of two forms of deflation, first we have to equate ‘

the above two results., That is:-

2.1F é 3.2F

‘and both sides are divided by Fooe

Then

ZPoqo . ) ElPOQO r - ZquO . _ ZlPlQo
F ) F O F * Tq F
ole) _ 9p Q0 P T 1lo P _ lo
' ' Flo
Therefore I = I = e,

dp Qp F

The condition of coincidence between these two forms of

| - between the output and physical input factor vrices.

deflation is the parity of the two index numbers, i.e. equity

In short, as to the method of obtaining value added in
real terms, while the double deflation seems to be a rational

method at first sight, the results are not necessarily the

Q
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same when Paasche's form and Laspeyres' form are used, More=
over, the results differ from the result obtained by use of

a synthesised price deflator. They can have unconditional
coincidence between them if we use the price index with
Paasche's form (13), While the results of using the two
types'of Laspeyres' form each have economic meaning, the
coincidental condition is exceptional in reality. Viewed

. from the above examination, we have to be careful to select
among the alternative methods by considering the conditions
of application and the purpose of measurement.

7.10.5 A synthesised price index number to give value added

a specific economi¢ meaning

It is possible to compile a synthesised price index
number in accordance with the economic purpose of measure-
ment {(Ref.l9)., For example, if we regard the value added as
a purchasing power of management for labour force and capital
goods, then the deflator should be compliled as an appropriate
aggregated average of the index for wages and the index for
capital goods.

As mentioned before, it will be sufficient to use the
GNP price deflator (so-called implicit deflator for GNP)

to obtain the real value added, fép?eﬁgﬁging"Eﬁéfpuréﬁaging R

- power from the macroscopic point of view. We can compile a
substitutive index for such a macroscopic deflator as '
follows:~

IFPMAC‘ﬂ Ipc + So * Ipp + Syp ' | (7.36)
where

IF MAC = synthesised price index for value added

IPE = consumer's price index

IPP o= geng:al wholesale price index of capital goods

SC = share of consumed value in GNP which corres-
ponds to gross value added, or NNP which
corresponds. to net value added |

Sin = share of investment or savings in GNP or NNP

Since this index is a kind of substitute price index
for the GNP deflator, it might be felt to be too macroscopic




to be used at firm level, and then a narrower definition
suitable for the firm's microscopic interests may be deduced.

number and capital goods price index number weighted by
their respective value added share., Mathematically this

|
|
|
|
|
|
|
|
(Ref.19). That is an aggregate average of wage rate index I
can be stated as follows:
|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

IFPMIC ='SIw "Sv + SIk . Sm - | ‘ (7.37}
where _
‘ IF MIC = synthesised price index for value added at
P firm level '
Y1
SI = —= = gimple index number of wage rate
W W
v
s, = F2'= share of labour cost in value added
o
s =Y |
m F- = share of capital income in value added
o)
C F=v+M
v = wage cost = lahour cost
M = income for capital
Ky
sIk_= = = index number of average rate of return on
© capital T C e —
.. k. = average rate of return on total investment

|
|
|
|
|
|
I
The economic role of this index number will become
clear when value added with nominal price at any period is
deflated by this index. This can be represented as: '
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

Fyy o (vy + M)
IFPMIC v Yo, X, M
: w_°'F k. " F.
‘ Q o o] ()
L]
S o e 1 (7.38)
o w.L_ + k,K' * "o *
170 1o

where kK' = M, K' refers to invested capital in real terms.
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Adthough this has a rather complicated nature, in short,
it increases'the value added in the base year proportionately
to the index of quantity (the first term of the right hand
side of the above eguation). To pursue the same purpose, it
will be clearer to deflate each share of value added for
labour and capital by each price index. That is:-

vy My |
2L+ Lo v o+ vk (7.39)
IW IK 1l o 1o _

In general, the application of this method, however, is
only possible for realised value added.

7.11 Measurement and Analysis of value Added Ratio

7.11.1 General and formal determination of value added ratio

Value added ratio is determined by dividing the value
added by total value of products. The elucidation of the
nature and causes of variations of the valué added ratio is
one of the important problems to be solved in order to under=
stand the nature and change of value added (Ref.19).

Value added ratio can be expressed as follows:

sp _ (3B - I1PQ)

-f-=-—-—-—

Pg LPg
=1- 3 - (7.40)
P
where
f = average of value added ratio
IPg = total value of products, P refers to price of

produqt and g to quantity of product
tF = total value added
Z1PQ

total value of intermediate physical input

. (before expended cost) which includes raw
materials, fuel, water and other physical flow
input factors, and purchased goods and parts,

- and depreciation cost if vaiue added is defined

as a net concept '
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B = E%%% = average rate of physical intermedjate
input cost (before expended cost)
a = %% = average coefficlent of physical input

bar on top of each symbol refers to an average.

The structure of the value added ratio is more explicitly
shown by the following equation:=~
P - 1P
%iqiuld i

T - _a
£f =
%P
qd
15 z[z“i“ )
- s ~1713
—l"":-J;
£ 9y (7.41)
17 IiT.o..
R i
5 it
=].-"':]_;“"P'o-&
- P
where
ro_ 3
i g
i i
Q.
.. = ~d
ij q;

If the independent variables.-of the above equation are
_needed to be expressed not. as.averages but-as individual T
variables of product, the equation will be as follows:-

T =L 170 34

(7.42)

It is evident from the above equation that the é&erage
value added ratio is the arithmetical mean of each value
added ratio of each product weighted with the distribution
rate of the value of each product to total value of products.




From the above analysis, as to the factors constructing
the value added ratio we can deduce some conclusions. First
of all, the value added ratio is a function of product mix
(or industry mix at industry level), relative price as terms

-of trade, and physical input coefficient. As for "o .",

i
because it includes unit material requirements and capital

goods coefficient, they should be separated out if necessary.
While variations of relative prices are fundamentally deter-
mined by the law of productivity/production price mentioned
before, to an individual firm or individual industry it comes
out as a market effect into the value added ratio. On the
other hand, the coefficient of physical input reflects the
change of production technigques the same as labour product=-
ivity. Then the reduction of the coefficient of input as well
as the increase of labour productivity under the fixed relative
price produces the created value which is an effect of the

law of differentiation of productive force between firmé in
the same industry.

7.11.2  Contributions of each factor to variation of wvalue
added ratio

We can define an equation analytically to express the
contribution of each factor to the. variations of yalue added

ratio (Ref.19). At first, the following.expression will be ™
" possible ‘from the abOVe discussion.

£ = g(1P.P.a) (7.43)
Then af = - &2 4+ & qap - 2 g | (7.44)
> |

and both sides are divided by f to get

- daf dlp

o, f 1P ,f, dP fda
F =3 Tt /HSF - (=5

aip ap do o
=R - 4+ B — ‘E —— (7.45)
flP 1P fP P fu o

where E; 1s elasticity of f to x and numerically it is
expressed as

af , £
&/ %
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above equation is re-expressed as follows:-

Eg log 1P + Eg log P + E; log a (7.46)
1P P o
1P E . PE .. B
_ flP fP v fa (7.47)
<0, E. >0,E. <0
fP_ fOL

The parameters of the above equation such as E repre=

£..
: >
sent the degree of contribution of each factor to the
variation of value added ratio.

In practice, the following equaticns will be more con-
venient to use:-

df _ 1 - £ ..dp _ d1P dg _ 4Q _
F- - (F -5+ G- (7.48)
oY ‘ ‘
1~ £ 4P dlp _ du
F (P 15 OL) (7.49)
where
de _ 4lf . effect of relative price change

- . . - PR

e e

|

"“medidte input/embodied labour

7.11.3 Analysis of dualism of value added ratio, physical
' phase and value phase by index number method

Corresponding to the dualism of value added, the value
added ratio has also its own dualism. This is concerned
with physical and value aspects of "value added" ratio.
Then from the analytical standpoint it will sometimes be
necessary to separate these two aspects to elucidate the
behaviour of the value added ratio.

Now, as to fi i refers to price term and j refers

jl
to quantity term and o denotes base period and 1 denotes
comparative pericd., Then the value added ratio will be re-

expressed as follows:-

effect of productivity of physical inter=- .




_ EPOql - ElPOQl _ _ LRy
ol ZPOql EPOql | B

(7.50)

Here fol means the value added ratio for comparison
period quantity evaluated at base period prices. In other .
words, it shows value added ratio under the conditions that C
the input coefficient is adopted for the comparison period
but the relative price is fixed at the base period values.

Fo1 = BP9y ~ 1P 0y
is value added in the comparison period at base period prices.

On the other hand, the wvalue added ratio in the base
period is shown as follows:

. _ ZPoqo - ZlPOQO o1 ZlPOQO
oo_ : Poqo ZPoqO
15 )
= l_—o- « O
B o)
o

Here Fo = ZPOqO - ZlPoQO is the value added at bhase period.

o

- - - e R O S ot e

Then the quantity index of the wvalue added ratioc which

" expresses the effect of variance of input coefficient is
compiled with Laspeyres' form as:-

fol _ ZPoql - 1P Q y EPoql
Q EPoqo

o o

1
I = = — —
fla)y,  f.4 _zPoqo - I1P Q

(ZPOqO EPoql _zlPoQo ElPOQl P ql

= - - L] )/
Foo ZPoqo Foo zlPOQo 'EPoqo
- R
= ZPOqO ZlPOQO QL qL (7.52)
F -
00
where ZlPle
I ='index number of input with Laspeyres' form
Q, 1P Q.
ZPoql '
I = = index number of output with Laspeyres' form.



On the other hand,'using the same way of thinking'the
index number of value added ratio reflecting the effect of
variations of relative price 1s compiled as follows:

. _ f11 ) Zqul - 81?1Q1 y Zqul
P
_ (ZPoql Equl K ElPOQl ElPlQl)/ Zqul
Fol ZPoql Fol ZlPle Ei)f<:>q].
1o
Fol
where
I, = ¥1P1Qy  _ index number of input price with
P ElPle Paasche's form
Equl -
I = - = index number of output price with
PP _ ZPOql
Paasche's form
. _ Equl_- ZlPlQ o1 lPl =
11 Zqul 51 1

It is a price index with Paasche's form on the base of
value added ratio. Then the changes between value added
-ratic over time can be expressed as a product of quantity
index and price index.

£ £ £
1 11 11
I.=1 . I = 2+ = (7.54)
f f(Oﬁ)L . f(lPP) 00 fOl fOO
P.
The alternative form is:-
£ £ £
11 lo 11l
I =1 . X = - = (7.55)
£ f(oa)P ,f(%f) _foo foo foo

L
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- CHAPTER EIGHT

" VALUE ADDED PRODUCTIVITY:  APPLICATIONS

8.1 Introduction

8.2 Case Study 1l: Compaﬁy -
8.3 Case Study 2: Company B
8.4 General Conclusions




3.1 Introduction

In Chapter 7 we discussed the “value added" concept and
introduced two productivity measurement methods. The issues
raigsed are discussed in this chapter from an operational
point of view with the aid of two case studies.

For the purpose of this analysis data was collected
from the two companies used in the case studies described in
Chapter 6. The framework for collecting the data was der-
derived from Equations 7.1, 7.2 and 7.3.

The data required for the "value added productivity”,
VAP, in most parts 1s similar to those collected for "total
factor productivity" assessments. As in the previous case,
the actual sources used for collecting the required data
included: sales invoices; profit and loss accounts; balance
sheets and manpower statistics.

8.2 Case Study l: Company A
This case study refers to Company A. The hackground of
this Company was discussed in Section 6.2.1 of Chapter 6.

The majority of the data required for "value added product-
tvity" are identical to those collected for "total factor

productivity" stated in Section 6.2. The data collection

- procedures and difficulties” likely to be-encountéred were

fully described in Chapter 6 and are not repeated here.

8.2.1" Determinat;onfof'fe&l‘value‘added using single and-
'double deflation

Tn Sections 7.10.3a and 7.10.3b of the previous
chapter we discussed the double and single deflation pro-
cedures for determining the real value added with reference
to a particular period of time, Two different types of
price indexes, Paasche's and Lapeyres', were suggested for
this purpose. However, in this case study we exclusively
use price indexes derived using the Laspeyres' formula. The
difference between Laspeyres'! and Paasche's formulae 1s that
Paasche's uses current yéar gquantities q instead of base
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year guantities d, This means in Paasche's case the price
index of a given period can be compared only with the base
period. For this reason, the Paasche formula is not used in
this study.

_ Tables 8.4 and 8.5 illustrate the real value added in
absolute and index form using double and single deflation
respectively. These résults are presented graphically in
Fig.8.1. As can be seen the real value added using single
and double deflation were at no point equal (3F # 2F),

i.e. at no instance I_ was equal to I;p - When I, was
larger than Iip., thenLBE was larger thall 200 perioas 2, 4
and 5, and when IP was less than I, , then 3F was smaller

1P
than 2?, period 3. L

These results confirm the theories put forward in
Sections 7.10.3b, 7.10.3c and 7.10.4 of the previous
chapter.

8.2.2  Value added productivity

Value added productivity of Company A was computed
using Eqguations 7.1 and 7.3 presented in Section 7.6 of the
previous chapter.

» . . : e

The Company's gross value added was calculated by sub=— -
" tracting the exclusions (materials, adjusted for changes in

raw materials inventory and services purchases, but excluding
the depreciation) deflated to base period values using the
Laspeyres' price index (materials), Table 8.2, from the sales.
revenue adjusted for changes in finished goods and work-in-
progress lnventories deflated to base period values, Table
8.1. The sources; and method of data collection; and develop-
ment of Laspeyres' price and cost (materials) indexes; were
fully discussed in Section 6.2 and are not repeated here.

The data necéssary and methods of assessment for deter-
mination of labour and capital inputs, using Equation 7.1 for

computation of value added productivity, are the same as
those outlined in Sections 6.2.4a and 6.2.4c.
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The value added productivity, vAP, was computed using
both "investor contribution" and "service value" concepts
for determining the contribution of the Company's capital
(working and fixed capital). Tables 8.6 and 8.7 present
the results of value added, and partial productivity com-
putations based on Equation 7.1. Figs.8.2, 8.3, 8.4 and 8.5
depict data presented in Tables 8.6 and 8.7. Equation 7.3
uses index numbers instead of absolute values for output and
inputs. As the index numbers are dimensicnless, this
facilitates mixing flow and stock concepts and also inter-
mixture of physical and monetary weighted measures of output
and inputs. This variation could be useful in cases where
sufficient price and quantity data does not exist or is
difficult to collect for various output and input factors.

As has been mentioned, in order to combine the input indexes,

it is necessary to estimate their relative contributions to
the production of goods. The total input is defined as
fellows:- '

TFL = XLT + YCI

The terms of this equation have been defined in Section 7.6
and are not repeated here. The X and ¥ components of the
above equation were determined by computing the production

shares of labour (wages, salarieé"and_gppp;gmeqﬁsjfaﬁajf;;_,w__,;f
“capital (capital share is income before taxes component) for

the past five years and taking the average values. As the
result of these computations, X was found to be equal to

. 0.744 and Y equal to 0.256. The value added and partial

productivity indexes were computed using formula 7.3. The
results of these computations are presented in Tables 8.8

and 8.9. In these calculations, the capital input index

was determinéd“using the net stock of capital concept pre-
sented in Section 5,6.3¢ of Chapter 5. Furthermore, the
labour input index in Table 8.9 is based on the number of
hours attended by direct and indirect production workers.
Pitgs.8.6 and 8.7 depict the results of computations presented
in Tables 8.8 and 8.9.

FPig.8.8 shows the value added productivity indexes cal-

culated using the variations described above.
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_8.2.3 Economic, efficiency and scaie effects

As mentioned in Sections 7.6 and 7.8 of the previous
chapter, value added has other significances as a business
itndicator other than its use in productivity measurement.
These were defined mathematically in Section 7.8.

The results of application'of these formulae to the
present case are shown in Table 8.9. From these, it is
evident that absolute profit (economic effect) of the firm
compared to base period improved significantly in periods
2, 3 and 5 and to a lesser extent in period 4. The ilncrease
in value added due to changes in efficiency {(the efficiency

~ effects) shows a similar pattern of improvements. The scale
.effect, i.e. changes due to the scales of operations with
regard to profit character, also shows improvements.

8.2.4 Analysis of the results _ \

Figs.8.2, 8.5 8.6 and 8.7 depict variations in value
-added productivity and partial (labour and capital) product-
ivities computed using the service value, investors contri-
bution, net stock of capital and physical labour units
respectively.

— -

~_ In all cases value added productivity shows a marked .. .
improvement, although the amplitude of value added product-

ivity gains are different in each case. This is to be

expected because, as with total factor productivity, the

. yalue of this ratio,dépends on the definitions and statistical

techniques used for measurement of output and inputs. It is
interesting to note that the differences between amplitudes

of value added productivities when using "investor contri-

bution" and "service value" concepts are very small (see

Fig,8.9). This is in line with the "total factor product-

ivity" results obtatned. The magnitude of differences become

' more significant when the net stock concept of capital and,
physical units of labour are used. ‘

The labour productivity, also shows a definite ascending
- trend. However, on average the labour productivity gains are ‘

—-_J




smaller when physical units are used (on average 111.5) com-
pared to financially weighted measures (112.1). The reason
for the observed trend is that the salaried employees contri-
bution was not included in physical units of labour expanded.

The capital productivity trends vary widely according
to the technique used for the determination of its contri-
hution., When the investor and service value concepts are
used no clear trend emerges. However, when the "net capital
stock" concept 1s used, the capital productivity shows a
steep ascendingtrend particularly between periods 4 and 5.

Fig.8;3 shows the variations of total, direct and in-
direct labour productivities, From this figure it is clear
that on average the magnitude of direct labour productivity
gains (120) are larger than those of indirect labour (102.5).

Fig.8,.,4 depicts the total variation of fixed and working
‘capital productivities. As is evident on average fixed
capital productivity shows a rising trend and working capital
productivity a falling trend.

8.2.5 Conclusionst Ccmpany A

The case study-serves to show the effect.of.single.
~ and double deflation techniques used-in the determination of
value added. BAs was argued in Section 7.10.4 the incidents

of coincidence between the real value added obtained using
single and double deflation are rare. This fact was borne
- out in this case study.

The intensive (value added productivity) and extensive

(broadly defined economic effects) nature of value added was
demonstrated. In Section 7.8 it was argued that, VAP, has
no relevance to the amount of input and the corresponding

amount of output and that only an absolute value analysis
would clarify the consequences of both efficiency and scale
effects, However, in the case study the movement of both
intensive and extensive measures were broadly in the same
direction and positive in all cases.




!
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The data collectlon exercise and the statistical tech-
niques for measuring output and inputs are similar to those

described in Chapter 5.

fvity"

In fact, in "value added product-
assessments because the numerator is measured in

monetary units some of the arquments as to the most sultable

units of measurement do not apply.

TABLE 8.1

'TOTAL OUTPUT'0F THE FIRM DEFLATED TO BASE YEAR

" VALUES USING LASPEYRES'

PRICE INDEX

L .

1st 2nd 1st 2nd 1st
Half Half Half Half Half
77/73 71/78 78/79 78/79 79/80
Sales Revenue 2,267 | 2,258 2,549 | 2,330 2,618
+ Changes in Fin- '
ished Good
Inventories +145.,0 +19.8 +189,2 +25.2 246,9
+ Changes in W, I P
Tnventory ~101.0 | +19.2 | - 98.2 -98.2 {-149.9
Total Output IPg | 2,311 2,297 | 2,640 2,257 | 2,715
Laspeyres' Price
Index IP 1.0 1.048 1.122 l 179 1.263
L _ s e
poral otitput Bas R IR |
flated ZPg/IP 2,311 2,192 2,353 1,914 [ 2,150




EXCLUSIONS (FLOW INPUT FACTORS) DEFLATED TO BASE YEAR VALUES

TABLE 8.2

" USING LASPEYRES'

PRICE INDEX FOR INPUT COSTS

Daflated (ElPQ/IlP )
L

Ist Half 2nd Half lst Half 2nd Half lst Half
1977/78 1977/78 1978/79 1978/79 1979/80
Direct Materials & Parts used in Production 1042.% 918.7 1160.3 967.4 1122.3
Indirect Materials & Supplies ! 38.7 38.0 40.9 30.0 53.8
Utilities 71.4 48.3 79.8 46.7 100.8
E.D.P. 11.0 16.0 12.0 8.0 10.0
Insurance Premiums 18.0 17.8 16.6 15.0 17.6
Rent of Factory Equipment 2.9 2.6 2.6 3.5 2.6
Factory Prbperty Rates 19.7 20.3 21.8 20.9 23.3
Personnel Expenses 24,2 12.0 13.9 18.9 19.1
Repairs and Replacements 69.1 1 93,7 |  88.1 | 102.4.
‘Miscellanssus  58.3 85.0 72.4 92.8 73.2
Total I1PQ | | 1356.2 1252.4 1508, 4 1306.4 1530.3
Laspeyres' Price Index I, for Flow Inpit _ '
Factors L § 1.0 S 1.043 1.125 1.148 1.251
Total Exclusions (Flow Input Factors) ‘
1356.2 1200.8 1340.8 1138.0 1223.3

10760 e
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TABLE 8.3

EXCLUSIONS (FLOW INPUT FACTORS) DEFLATED TO BASE YEAR VALUES
USING LASPEYRES' PRICE INDEX FOR QUTPUTS

|
i .
L
|
|
.
lst Half 2nd Half 1st Half 2nd Half 1st Half
1977/78 1977/78 | 1978/79 1978/79 1979/80
{ _
l Total Exclusions (Flow Factors)IlPQ 1356.2 1252 .4 1508.4 1306.4 1530.3
: Laspeyres' Price Index I, 1.0 1.048 1.122 1.179 1.263
L .
| Total Exlusions (Flow Factors) 1356.2 1195.0 1344.4 1108.1 1211.6
i Deflated (I1PQ/I, )
L
|
-

- OOE -—



TABLE 8.4

REAL VALUE ADDED USING DOUBLE DEFLATION

1st Half 2nd Half 1st Half 2nd Half 1st Half
1977/78 - | 1977/78 1978/79 1978/79 1979/80
1 Total Output (IPq/I, ) 2,311 2,192 2,353 1,914 2,150
2 Total Flow Inputs (I1PQ/I,p ) 1356.2 1200.8 1340.8 1138.0 1223.3
‘ : L
1-2 Real Value Added 2F in Terms of
1st Half 1977/78 954.8 991.2 1012.2 776.0 926.7
Real Value Added 2 Index 100.0 103.8 106.0 81.3 97.1

- 10¢ =



TABLE 8.5

REAL VALUE ADDED USING SYNTHESISED PRICE INDEX (SINGLE DEFLATION)

1st Half 2nd Half 1st Half 2nd Half Ist Half
1977/18 1977/78 1978/79 1978/79 1979/80
1 Total Output (£Pq/I, ) ) 2,311 2,192 2,353 1,914 2,150
L
2 Total Flow Inputs (L1PQ/T; ) 1356,2 1195.0 1324.4 1108.1 1211.6
L _
1-2 Real Value Added 3F in Terms of
1st Half 1977/78 954,8 997.0 1008.6 805.9 938.4
100.,0 104.4 105.6 84,4 98.3

Real Value Added 3F Index

- 20t -



TABLE 8.6

VALUE ADDED PRODUCTIVITY: CAPITAL INPUT CALCULATED USING SERVICE VALUE CONCEPT OF CAPITAL

1st Half 2nd Half lst Half 2nd Half l1st Half
1977/178 1977/78 ' 1978/79 1978/79 1979/80
1 Total Value Added Qutput F in Terms
of Base Period Values (Double
Deflation) v 954.8 991.2 1012.2 - 776.0 926.7
2 Total Labour Input 809.7 737.7 748.9 612.6 700, 3
3 Direct Labour (Wages) 406 .4 339.8 352.0 261.9 366.7
4 Indirect Labour (Salaries) 210.9 213.1 205.6 187.9 0 191.2
5 Total Capital Input (Service
Value Concept) 263.3 246.6 263.7 239,5 220.5
6 Fixed Capital Input 176.4 165.6 160.7 151.8 136.0
7 Working Capital Input 86.9 81.0 103.0 87.7 84.5
8 | Total Input I 1073.0 984.3 1012.6 852.1 920.8
Output/Total Labour Input 1.179 1.344 1.352 1.267 1.323
Total Labour Productivity Index - 100.0 114.0 114.7 107.5 112.2
Output/Direct Labour Input é 2,349 2.917 2.876 - 2,963 2,527
Direct Labour Productivity Index} 100.0 124,2 122.4 126.1 107.6
Output/Indirect Labour Input 4.527 4.651 4.923 4.130 4,847
Indirect Labour Productivity 100.0 102.7 108.8 91.2 107.1
Output/Total Capital Input 3.626 4.020 3.839 3.240 4,203

- ¢og -




TABLE 8.6 {cont.)

2nd Half

1st Half | 2nd Half | 1lst Half 1st Half

1977/78 1977/78 1978/79 1978/79 1979/80
Total Capital Productivity Index 100.0 110.9 105.9 89.4 115.9
Output/Fixed Capital Input _ 5.413 5.986 6.299 5.112 6.814
Fixed Capital Productivity Index’ 100.0 110.6° 116.4 94.4 125.9
Qutput/Working Capital Input 10.987 12.237 9.827 8.849 10.967
Working Capital Productivity Index 100.0 111.4 89.4 80.5 99.8
Output/Total Input 0.890 1.007 " 1.000 0.911 1.006
Total Productivity Index 100.0 - 113.2 112.4 102.4 113.0

e T . A 0 s iy a
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TABLE 8.7

VALUE ADDED PRODUCTIVITY: CAPITAL INPUT CALCULATED USING INVESTOR CONTRIBUTION CONCEPT OF CAPITAL

1st Half 2nd Half | 1st Half 2nd Half lst Half
1977/78 1977/78 1978/79 1978/79 1379/80
Total Value Added Output F in Terms
of Base Period Values (Double '
Deflation) 954.8 991.2 1012.2 776.0 926.7
Total Labout Input 809.7 737.7 748.9 612.6 700.3
Total Capital Input (Investor Contri-
bution Concept) 223.3 207.7 232.2 194.,0 197.9
Total Input I 1033.0 945.4 981.1 806.6 898.2
Output/Labour Input _ ; 1.179 1,344 1.352 1.267 1.323
Total Labour Productivity Index 100.0 114.0 114.7 107.5 112.2
Output/Total Capital Input 4.276 4,772 4,357 4.000 4,683
Capital Productivity Index 100.0 111.6 101.9 93.6 1 109.5
Output/Total Input 0.924 1.048 1,032 - 0.962 1,032
Total Productivity Index 100.0 113.4 111.7 104.1 111.7

- Gog - -




TABLE 8.8

1

VALUE ADDED PRODUCTIVITY: CAPITAL INPUT CALCULATED USING NET STOCK OF CAPITAIL CONCEPT

1st Half | 2nd Half | 1st Half | 2nd Half | l1st Half

1977/78 1977/18 1978/79 1978/79 1979/80
Total Value Added Output Fr ” 100.0 103.8 106.0 81.3 97.1
Total Labour Input LI Weighted by X " 74.4 67.8 68.8 56.3 64.4
Total Capital Input Ci Weighted by Y 25.6 24.3 24,4 20.5 16.5
Total Input Index t 100.0 92,1 93.2 76.8 80.9
Output/Labour Input 1.344 1.531 1.541 1.444 1.508
Labour Productivity Index 100.0 113.9 114.7 107.4 112.2
Output/Capital Input , 3.90 4.272 4,344 3.966 5.885
Capital Input Productivity ‘ 100.0 109.5 111.4 101.7 150.9
Output/Total Input 1.00 1.127 1.137 1.059 1.200
Total Productivity Index 100.0 112.7 113.7 105.9 120.0

v e ——.
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VALUE ADDED PRODUCTIVITY: LABOUR INPUT INDEX CALCULATED USING A PHYSICAL MEASURE

TABLE 8.9

(NUMBER OF HOURS ATTENDED)

Total Productivity Index

lst Half 2nd Half 1st Half |: 2nd Half 1st Half

1977/78 1977/78 1978/79 1978/79 1979/80 -
Total Value Added Output Fp . 100.0 103.8 106,0 81.3 97.1
Total Labour Input LI Weigﬁted by X 74.4 66.7 70.9 54.5 66.7
Total Capital Input C. Weighted by Y 25.6 24.3 24.4 20.5 16.5
Total Input Index t | 100.0 91.0 95,3 75.0 83.2
Output/Labour Input 1.344 1.556 1.495 1.492 1.456
Labour Productivity Index 100.0 115.8 111.2 111.0 108.3
Output/Capital Input 3.90 4.272 4,344 3.966 5.885
Capital Input Productivity Index 100.0 109.5 111.4 101.,7 150.9
Qutput/Total Input 1.000 1,141 1,112 1.084 1.167
100.0 114.1 111.2 108.4 116.7

- LOE -




TABLE 8,10

ECONOMIC EFFICIENCY AND SCALE EFFECTS

Period

v Period Period Period
2-1 3-1 4-1 51
Economic Effect = (F; - I,) - (P, - I 125.1 117.8 42.1 | 124.1
Efficiency Effect Q= F;, - I T, 115.2 111.0 17.6 107.2
9.9 6.8 24,5 16.9

Scale Effect Q) = (P I, = F)) + (I, - I

- 80¢ -~
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Fig.8.1 Variation of real value added using single
and double deflation '

Real Value Added using Double Deflation
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Fig. 8.2: Total and Partial Product1v1ty Variations
' Capital Service Concept

Total Productivity Index

————— e Total Capital Product1v1ty Index (Service value
- Concept)
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Fig. 8.3. Total, Direct and Indirect Labour Productivitg
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'Fig. 8.4. Total, Fixed and Working Capital Productivity
{Service Value Concept)
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" Fig. 8.5. Total and Partial Productivity Variations.
Capital Investor Contribution Concept

Total Productivity Index

Total Capital'Productivity Index (investor Con-
tribution concept)

——— Total Labour Productivity Index
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Fig. 8.8. Total Value Added Productivity_Variations
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8.3 Case Study 2: Company B

The application of VAP model presented in Section 7.6
(Equations 7.1 and 7.2) of the previous chapter 1is demon=
strated, in the case of Company B. The background. of this
Company was described in Section 6.3.1 of Chapter 6 and is
not repeated.here.

It is possible to amend the Eugation 7.1 by including
the material volume (cost in constant term) in both the
numerator and denominator, thus, yielding a measure very
similar in character to the "total factor productivity"
model. ‘This amendment was in fact carried out to demonstrate
the effect of inclusion of material costs.

In general, the data necessary for computation of VAP,
are similar to those collected for "total factor product-
ivity" analysis. These were defined and computed in Section
6.3 and are not repeated here.

8.3.1 Goods manufactured in plant, M and intangibile
i~
capital outlays, Ic

The numerator variables of the Equation 7.1 are defined
in detail in Equat®on 7.2. The statistical technigues..for
assessing goods manufactured in plant, M _, and intangible
capitai outlays, I,, are discussed in this section, and ex~
clusions, E, in the following section. The other variables
in Equation 7.2 were defined in Section 6.3.

The impottance of including the terms Mp and Ic in the
output of an enterprise was discussed in Section 5.5.3 and
5.5.4. The omission of these terms are particularly serious
in the case of companies who produce goods for intérnal con-

" gumption (i.e. goods which do not appear in the final product)
and those heavily involved in research and development

{e.g. electronic éompanies). Goods manufactured in plant,

Mp, and intangible capital outlays, I, were insignificant

in the case of Company A and constituted a small portion of
the total output in the case of Company B. However, these
were assessed in the case of Company B, to demonstrate the




availability of the data required and establish the com-
putational technigues. '

Tables 8.15 and 8.16 show these components of the output
deflated to the base period values using the firm's deflat-
ing factor. The difference between the two tables is the
choice of the base year period, 1975/76 and 1976/77 respect~
ively. - :

8.3.2 Exclusions

These factors include externally purchased materials and
supplies, services, rentals and depreciation of machinery and
equipment (for net value added computations). From the
Company's records it was possible to obtain both the financial
and costing depreciaticons. Consequently we were faced with
the question: which of these depreciation values is more
relevant? It was decided that financial depreciation is more
appropriate because the costing depreciation value only re-
presents the inflated value of finanacial depreciation.

Tables, 8.17, 8.18, 8.19 and 8.20 show the steps used in
computation of the exclusions, E.

e e -

8.3.3 Net valué added N e

The Company's net value added was calculated subtracting
the exclusions defléted to the base period wvalues, Tables
8.19 and 8.20, from gross output. (Sales revenue: Tables 8,11
and 8.12, plus goods manufactured in plant and research and
development; Tables 8.15 and 8.16, plus or minus inventory
changes; Tables 8.13, 8,14 and 8.15.) The result of these
computations are presented in Tables 8.24 and 8.25.

The contribution of capital was annualized using only
the "investor contribution" concept. All factors necessary
for calculation of the capital input factor were readily
available from the company's accounting records. Tables 8.21
and 8.22 show the necessary computational steps.
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8.3.4 Results ofVanalysié

The value added productivity, VAP, and various other
. partial productivity indexes, for amended and unamended
models, were computed.

Table 8.26 shows the value added productivity, VAP,
and partial capital and labour productivity indexes, using
1975/76 as the base:year}gwhile Table 8.27 shows the same
productivity indexes using 1976/77 as the base year.
Figs.8.9, 8.10, 8.11 and 8.12 depict the data presented in
Tables 8.26 and 8.27.

Table 8.28 shows the total factor and paftial labour,
capital and materials productivity indexes, using 1975/76
as the base year. The computations were carried out apply-
ing the amended form of Equation 7.1 (i.e. including the
exclusion components in both the numerator and the denomin=-
ator). Figs.8.13 and 8.14 depict the data presented in
Table 8.28. | "

The value added productivity, VAP, shows a rising trend
(Figs.8.9 and 8.12), in particular, it rises very sharply
between year 3 and 4. Both labour and capital productivity
show an ascending trend. Fig.8.10 shows the total direct

p—

and indirect labour productivities, As it 1s evident the
direct labour productlvity is rising sharply (its value is
33.7 point higher at the end of 1978/79 compared to 1975/76) .
Indirect labour productivity remains constant for the first
period and then rises steeply between period 3 and 4. The
cause of this sharp rise was the reduction in the numbers

of indirect employees. Note that the index of value added
and total labour productivity are véry close to each other.
The reason for this was the large labour share of the net
output.

The variations of total factor, labour and capital
productivities are shown in Fig.8.13. The total factor
productivity rises by an average of 5.1 per cent with the
sharpest rise occurring between period 3 and 4. Capital
and material productivity also show an ascending trend,
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while labour productivity falls initially and then starts to
rise. However, its value at the end of the 4th period is
lower compared to its initial value.

8.3.5 Conclusions: Company B

The value added, capital and labour productivities
were computed for two different base periods (1975/76 and
1976/77) . Comparison of Tables 8.26 and 8.27 reveals that
on average value added, labour and capital productivities
were 4, 4 and 16 per cent lower respectively, when 1376/77
was used as the base period. The main reason for this was
the low rate of return on capital in 1975/76. However, this
example serves to demonstrate the effect of the base year on
the results, and also shows the importance of choosing as
normal a vear as possible for the base period.

The total factor and various partial productivity indexes
were also computed for the amended version of Equation 7.1.
Comparing Figs.8.9 and 8.13 shows that the value added and
the total factor productivities have a similar pattern of
variations. However, there is a large difference between
the magnitude of variations. (The value added productivity
gain is on average ¢ per cen£ higher than the total factor

- [P

productivity gains.)

e

More interestingly the variation patterns of the labour
productivities are different. Labour productivity rises by
an average of 8 per cent when value added is used, and falls
by an average of 4.6 when material is included in the numer-
ator of Equation 7.1. The example in fact serves to show
the inter-relationship between the material and labour
productivities. As the apparent rise of labour productivity
is caused probably by purchases of more fabricated or higher
quality materials (i.e. the substitution effect).

8.4 General Conclusions

The application of value added nroductivity, VAP, assess-
ments were demonstrated using two batch manufacturiﬁg com-
panies. The data necessary for computation were readily
available from the host companies accounting records.
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The effects of double and single deflation procedures
on determination of real value added was demonstrated. As
it is evident the real value added obtained are different.
Furthermore, they only coincide when IPL = IPL, a rare
occurrence.

The dual nature of valué added measure was demonstrated.
Clearly, only an absolute value analysis would clarify the
cbnsequence of both efficiency and scale effects. This is
because VAP comparisons have no relevance to the amount of
input and corresponding amount of output.

The effects of choosing a non-representative base year
was demonstrated. The case serves to emphasise the import-
ance of using a normal period as the base year.

The study serves to demonstrate the limitations of the
value added productivity models introduced in Chapter 7.
Clearly, the model fails to show the effects of substitution
between labour and materials input. This leads to the
cbservation of apparent labour productivity gains achieved,
not. through increased labour efficiency, but as the conse-
quence of substituting one factor for another. The measure
also fails to show the effects of the improvement in the use
of material (e.g. better material handling procedures).*-
Because of these short falls, the meaéure has to be treated
with the utmost care when used for the assessment of the
productivity of a material intensive company.




75/36 | 76/77 | 77/78 | 18/79
1. Sales Revenue 7,507 §,102 9,068 10,399
2, Firm's Deflacing Factor 1,00 1.14 1.33 1.50
1 & 2 Net Sales in Terms of ' .
75/76 Base Year 7,507 | 6,884 | 6,815 | 6,933

Table 3.1L: Net Salesi in Terms of 75/76 Base Year

75/76 76777 77/78: 78/79
1. Sales Revenue 7,507 8,102 9,064 10,399
2. Firm's Deflarting Factor 0.86 1.00 1.13 1.29
1 - 2 Net Sales in Terms of s
76/77 Base Year 8,729 | 8,102 | 7,882 | 8,061

Table 8.12: Ner Sales in Terms of 76/77 Base Year
) 75/76 | 16/77 | 77/787 778
Raw Materials 373 (246) 210 153
Wotk in Progress 50 5C - 80
Finished Goods 86 89 (158) (4)
Firm's Deflacing Factor 1.00 1.16 1.33 1.50
Inventory Changes in Terms . ) ras .
of 73/76 Base Year 309 (92) 3 133
' |

Table 8.13: Inventory Changes, 75/76 Base Year £'s




75/76 76/77 1 11/78 78/79

Raw Materials - ' 373 (2&6). 210 153
Work In Progress S0 50 - 80
Finished Goods - 86 B9 | (158) (4)

Firm's Deflating Factor 0.86 1.00 1.13 1.25

Inventory Changes in Terms

of 76/77 Base Year 592? (107 43 178

Table 8.1% Inventory Changes 76/77 Base Year L's

75/76 76/77 77/18 78/79

Maintenance . 27 61 88 - 85
Research & Development 31 47 52 57
SRI - - 19 102

Firm's Deflating Factor 1.0 1.16 1.33 1.5

MP In Terms of 75/76

Base Year S8 93 120 163

Table 8.15: Manufacturing'Plant 75/76 Base Year L's

75/75 76777 77/78 78/79

Maintenance 27 61 88 83

Research & Develcpment 31' 47 52 | 57

SRI | - - 19 102
1.25

Firm's Deflating Tactor 0.8 | 1.00 , 1.15

MP In Terms of 76/77 67 108 % 138 195
Base Year f : ’

Table 816+ Manufacturing Plant 76/77 Base Year &'s
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75/76 i6/77 77/78 78/7¢
Direct Macerials aad Parts 3,628 | 2,674 | 3,451 | 3,607
Indirect Macerials & Supply 110 103 113 128
Fuel and Power | 56 68 103 98
Transport Expenses" 78 94 71 72
Establishment Expenses 4 68 96 115
‘Administracion & Travel 251 250 286 369
Local Administraticn 57 120 116 94
EDP 194 255 253 292
Royalties - 26 29 43 30
Layouts 24 16 65 38
Commissions 8 25 158 98
Net Transfer (out) (133) (28) (50) (50}
Total Materials and Supplies | 4,303 | 3,674 | 4,705 | 4,891

Table 8.1% Total Materials and Supply
75/76 76/77 77/78 78/79
' Materials and Supplies’ 4,303 | 3,674 4,705 7174, 89T

Financial Depreciation 150 193 1221 282
Rents 150 154 <157 160
Total Exclusions 4,603 5,021 5,083 5,333

Table §.18: Total Exclusioens




75/76 76/77 77/78 78/7%
Firm's Deflating Factor 1.00 1.16 1.33 1.50
Materials & Supply Deflated 4,303 3,147 3,538 3,261
Financial Depreciation .
Deflated 150 166 166 188
Rents Deflated 150 133 118 107
Total Exclusions Deflated oy ' b
to 75/76 Base Year 4,603 3,466 3,822 3,556

Tableg.19: Total Exclusicns Deflated to 75/76 Base Year f's

75776 76/77 77778 78/79
Firm's Deflating Factor 0.86 1.00 1.15 1.29
Materials & Supply Deflated 5,004 | 3,674 | 4,001 | 3,792
Financial Depreciaticn '
Deflsted 174 193 192 219
Rents Deflated 174 154 137 124
Total Exclusions Deflated .
to 76/77 Base Year ) 3,352 . 4021 4 A’fZQM*W*f;ifi

Table 3.20: Total Exclusioms beflated to 76/77 Base Year £'s

75/76 76/77 77/78 1 78/79
Working Capital 3,499 3,370 3,270 3,561
Fixed Capital at Cost/ n- -
Valuation 1,021 1,377 1,660 .j 1,966
Depreciation (566) | (750) | (842) | (968

l

Net Total Capital Assets 3,976 3,997 4,088 { 4,559

. Table 8.21: Total Capital Assets




Table 8.22 Investar Contribution in Terms of 75/76 Base Year

|

\

|
75/76 | 78777 4 73/78 | 18/79

I |

, " - ‘
Total Capital Assets . 3,976 | 3,997 4,088 4,559

Profitc Before Tax 87 |

Profit as 7 of Assets 2.2 2.2 2.2 2.2

Investor Contribution . 87 88 90 100
Fimm's Deflating Factor 1.00 1,16 1.33 |- 1.50

. S |

_ |

Investor Contributien in |
Terms of 75/76 Base Year 87 76 63 67

|

|

|

|

|

|

|

|

|

75/76 76777 77/78 78/79
Tocal Capital Assets 3,976 3,997 4,088 4,359
Profit Before Tax 367
Profit as % of Assets $.2 | 9.2 9.2 9.2
Inves;or Contribution KLT) 367 376 419
Firm's Deflating Factor Q.86 1.00 1.15 1.29
Iavestor Contribution in AP B SO S
Terms of 76/77 Base Yesr 426 367 327 325

Table §,23: Investor Centribucion in Terms of 76/77 Base Year




Fff.—._*__ R

- 327 -
75/78 | 78/77 717778 78/7%
Sales 7,507 6,984 6,815 6,933
Manufacturing Plant 38 93 120 163
. Inventery Change 509 (e2) 39 153
Gross CQutput (1) 8,074 6,983 6,974 7,249
M &S 4,303 | 3,167 3,538 | 3,261
Depreciation 150 166 166 188
Rents 150 133 118 107
Total Exclusions (2) 4,603 3,466 | 3,822 3,556
{ofaé Value Added Cutput 3,471 3,519 3,152 3,693
Table 8.24: Total Value Added Qurput 75/76 Base fear
75776 76777 77/78 78/79
Sales Ravenue 8,729 g,102 7,382 8,061
Manufaecturing Plant 67 108 138 189
Inventery Change 592 (107 43 178
Gross CQutput (1) 9,388 -] 8,103 8,063 L8429 .
M &S 5,002 3,674 4,092 3,792
'Depreciation 174 193 192. 21¢
Rents 174 154 1386 124
Total Exclusions (2) 5,352 4,021 6,620 4,135
{osaé Value Added Qutput 4,036 4,082 3,645 4,294

Table 8.25: Total Value Added Qutput 76/77 Base Year




Table 8.26: Value Added VAP Index Values 75/76 Base Tear

75/76 | 76/77 | 77/78 | 78/79
Output - | 3,671 ) 3,518 | 3,152 | 3,693
Labour Input 2,589 | 2,520 | 2,285 | 2,332
Capital Input 87 | 78 68 67
Total Input ' 2,878 1,605 2,353 2,399 ‘
Qutput/Labaur 1.341 | 1.392 | 1.379 | 1.584 ‘
Labour Index - " 100 103.8 | 102.8 | 118.1 |- 1
Output/Direct Labour 6.96 | 5.86 §.10 | 6.63 '
Diract Labour Index 100 | 118.2 123.0 133.7 |
Qutput/Indirect Labour 1.84 1.83 | 1.78 2.08 |
Indirect Labour Index 100 99.5 | 96.7 | 113.0 |
Output/Capi tal 39.90 | 66.30 | 46.35 | 55.12 \
Capital Index 100 116.0 -| 116.2 | 138.2 ‘
Qurzput/Total Input 1.297 1.351 1.340 1.539 ‘
Total Productivity Index 100 104.2 103.3 118.7 ‘
Changes in Productivity Index 4.2 -Q.9 15.4
|
\
|

75/76 | 16/77 77778 78/79 |
2 . —

Qutput 4,036 4,082 3,645 4,294 |
Labour Input 2,822 | 2,863 2,587 2,640 |
Capiral Input | 426 367 327 325 ‘
Total Input 3,348 31,230 2,914 2,965 ‘
Qutput/Labour 1.381 1.426 1.410 | 1.626 ‘

Labour Index 96.8 100 98.9 114.0
Qutput/Direct Labour 5.381 6.309 6.336 7.181 ‘
Direct Labour Index 85.3 100 103.9 113.8 T
Output/Indirect Labour 1.858 | 1.842 | 1.795 | 2.103 ‘
Indirect Labour Index - | 100.9 | 100 97.5  1l4.2 }
Output/Capical i g.476 | 11,12 | 11.15 | 13.21 |
Capital Index | 85.2 i 100 100.3 | 118.8 \
Output/Total Input 1.206 1.264 [ 1.25% | 1,448 ‘
Total Productivity Index 95.4 100 9¢.0 114.6 ‘
Changes in Productivity Index 4.6 -1.0 15.6 !
\

Table 8.27: Value Added yap Index Values 76/77 Base Year




75/76 | 76/77 77/78 | 78/79

Oucpuc 8,074 | 6,585 6,974 | 7,248
Input: Labour 2,589 | 2,529 | 2,285 | 2,332

Capital | 87 76 68 67

Materials & Services | 4,603 | 3,466 | 3,822 | 3,556
Total Imput 7,279 | 6,071 | 6,175 | 5,955
Cutput/Labour ©3.119 | 2,762 | 3,052 | 3.108
Labour Index 100 88.6 | 97.9 | 99.7
Qutput/Direct Labour 11.53 11.62 13.49 13.01
Direct Labour Index 100 100.8 117.0 112.8
Output/Indirect Labour 4.274 | 3.623 | 3.945 | 4.084
Indirect Lzbour Index 100 - 84.8 92.3 35.6
Qutput/Capital $2.8 | 91,9 102.6 108.2
Capital Index 100 99.0 | 110.6 | 116.6
Cutput/Materials § Services 1.754 | 2.015 | 1.825 | 2.039
Material-Index 100 114.9 104.1 115.3
Cutput/Total Imput 1.109 1.151 | 1.129 1.217
Total Index - 100 103.8 101.8 109.7
Szzgent Change from Previous 3.8 -2.0 7.9

Tabl?SLZB: All Inclusive TFP Index Values 75/76 Base Year
75/ 76 76/77 | 77/78 | 78/79

Qutput Index
Wholesale Prive Index 100 96.9 92.6 100.0
Electrical Engineering Input
Capital Index 100 91.5 8.4 80.0
Material Index 100 75.6 76.9 75.1
Labour Index 100 7.8 88.3 9Q.7
Other Index 10 122.6. ] 129.3 | L13Ll.4

Table8,29: Physical Output, Inmpuc
as Deflator

Indexes Using Published Inddxes
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100

-

15/76 76/77 77778 78/79

Qurput Index 100 23.0 87.6 91.4
Taput Indices: Capital 100 | 90.6 | 83.5 | 75.8
Material 100 77.3 74.9 70.8

Labour 100 97.7 88.3 90.1

Other 121.2 127.8 125.1

© Table 8.30; Physical Output, Iaput

Fagtor

Indexes Using Fimm's Deflating
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- Fig. 8.9 Total and Partial Value Added Productivity Indexes-
' Base Year 1975/1576
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Fig. 8.10. Total, Direct and Indirect Labour Productivity
Indexes Base Year 1975/1976
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Fig 8.11 Total and Partial Value Added Product1v1ty Indexes
Base Year 1976/1977
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Fig 8.13 Total and Partial Productivity Indexes
All Inclusive TFP Model -~ Base Year 1975/1976
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Fig. 8.14 Total, Direct and Indirect Labour Productivity
Indexes ' ' '
All Inclusive TFP Model
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