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ABSTRACT

Organizational systems performance measurement is a critical
component in the general manégemenf‘process. Being one of the perfor-
mance measures, productivity has an incréasing popularity nowadays.
Usage of the term "productivity" should be based on an analytical

framework including methodologies and techniques of measurement.

This thesis covers a systematic approach for productivity
measurement, eva]uatjoﬁ and improvement. A productivity improvement
procedure is suggested. The procedure includes a methodology for
productivity measurement which is tested on an existing company .
Furthermore, ways of specifying dominant factors of productivity and
potential factors of productivity 1mpr6vemént were investigated

analytically.



UZET

Performans o1c¢imi, organizasyone1 sistemlerin genel yonetim
siirecinde onemli bir yer tutar. Gilinimizde, "“liretkenlik" giderek
yayginlasan bir basari Ol¢litli durumuna gelmistir. Ancak, bu terimin
kullanimi, Olc¢iim yontem ve tekniklerinin tanimlanmis oldugu bir bilim-

sel temele dayandirilmalidir.

Bu calisma: Ulretkenlik Ol¢im, dederlendirme ve gelistirme
faaliyetlerine sistemsel bir yaklasimi icermektedir. Bu yaklasim
baglaminda, bir Uretkenlik gelistirme yontemi Onerilmis, beraberin-
de olusturulan lretkenlik Olcimine yonelik metod ise bir uUretim
sirketinde uygulanmistir. Ayrica, liretkenligi belirleyen ve artti-
rilmasi acisindan Onem taﬁwyan faktbr]erin saptanma yontemleri

analitik olarak irdelenmistir.
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I. INTRODUCTION

Usage of the term "productivity", by almost every discipline and
profession to promote énd market their solutions to the organizationalb‘
problems, has an increasing trend now§déys.v Due to the competition
aroused from the implementation of export oriented new monetary poli-

~cies: "produdtivity appears to be a term and concept capturing the
attention of managers in all types of organizations and at all levels
within thosé organizations", (1)X However, it is still a confused and
misused term. Constraction of a conceptual framework, including
disciplined definitions of related terms and systematic descriptions

of related concepts is necessary. Improvement starts with measurement,
evaluation and control, which necessitates a éound analyticol frame-
work (including methodologies and techniques of measurement, evaluation

and control) based on the above mentioned conceptual framework.

“Organizational systems performance measurement" can be thought
as a component in the general management process. Depending upon the
definition of boundaries, an organizational system can be; a nation, a

region, an industry, a firm, a division, a work group or even an

(x) Numbers:enclosed in brackets refer to the references at the end




individual. By specifying the boundaires we define our "unit of
analysis". This allows us to accurateTy define inputs, transforma-
tions, outputs and outcomes from the system. "Once we define major
outputs and inputs we can-begin to develop measures, ratios and
indexes with which to monitor" (2) performance indicatoré of fhe

organizational system..

We can measure the performance of an organizational system
for strategic purposes, for tactical purposes, fbr planning purposes
or for other managerial purposes. A]tﬁough measurement purposes are
~ common, evaluation criteria change in accordance with the position
and the responsibilities of the decision maker in the organizational
system. For example, let us take a firm as our unit of analysis. '
Inves'tors, long range and short range lenders are conéerned with
strictly financial measures. Classical mgnageria] control ratios,
derived on the income ctatement and the balance sheet are their
evaluative criteria. However the operating manager of the firm:is
concerned with the perfofmance criteria and measures related to
the whole conversion process of financial inflow to financial outflow.
He has to differentiate between short-term and long-term determinats
of aggregéte performance aﬁd specify internally controlled and'
externally imposed adjustments. Furthermore he is 1hferested in the
extension of the integrated structure of berformance criteria to

lower levels of the organizational system.




In general, we can classify tﬁe measures of organizational
system performance in seven distinct but not mutually exclusive
categories: . effectiveness, efficiency, productivity, quality, pro-
fitability, quality of worklife, innovation. Obviously, managefs
will weigh the measures differenfly, partly because of their dif-
ferent subjective judgements and partly beéause of the different

organizational characteristics.

Performance measurement system, is a decision support
system monitoring the organizational system performance by the

indicators of the above mentioned performance measures.

1.1. Basic Concepts and Definitions

Effectiveness is é measure of éccop]ishment of managerial
objectives, i.e. producing the "right things" (quality and quantity) on
time. Efficiency is a measure of standardization in consumption of
resources, i.e the ratio of expected resource-consumption 5ver actual

resource consumption. Then,



Productivity = Effectiveness x Efficiency

Production is a transformation process of inputs to outputs while
productivity is a measure on the relationship of the two and can

be expressed in terms of effectiveness and efficiency measures.

From another point of view: a,commoh]y acceptedvdefinition
is "Productivity is’a relationship (usually a ratio or an index)
between quantities of outputs (goods and/or services) produced by
a given organizationa1 system and quantities of inputs (resources)
utilized by that organizational system to produce those same
outputs"  (3) That is,

Productivity = Qutputs

Inputs

The main problem in quantifying outpﬁfs and inputs of an organizational
syétem is the absence of common physica] units. This is solved by J
expressing outputs and inputs by their value in terms of the :commonly
used monetary unit. However, the decreasing purchasing power of
money through‘gﬁme ﬁjhe inf}ationary economfc cifcumstances leads to-
extensive usége of various deflators in index calculations. Other

fﬁfbb]ems,of productivity analysis which should be pointed out (at




least conceptually) are: dealing with qualitative changes in particular
inputs or outputs through time and combining different product (or input):

types into meaningful aggregates.

First, there are two major categories of productivity measures:
static productivity rafios and dynamic productivity indexes. The ratio
of output quantities to input quantities (both referring to the same
period of time) 1is called a static productivity ratio. e.g.

Qutputs 1985
Inputs 1985

Dynamic productivity indexes represent ratio of the measurements of

two time periods.

For example:

Productivity ratio 1985

Productivity ratio 1984

Furthermore, productivity measures are_categorized aécordiné to the
number of inputs included in the denominator of the productivity
eduation. If all of the inputs are ihc]uded,»it is called a total
factor productivity meésure whereas: if some of the inputs are
"inc]dded, it is called a multi-factor productivity measure and 1f
only one input is included it is called a partial pkoducfivity

measure.



A1l of the outputs are included in total factor, all or some of the

outputs are included in multi and partial factor productivity measures.

Total Outputs. Outputs ' Output
s and
Total Inputs: Labor, Capital, Material,Energy Labor

are good examples of total, multi and partial factor productivity

measures respectively.

Increasing the number of input/output factors included in the
productiyity measures results in meeting the managements need "to
understand the Jinkages between partial effects and combined effects
in order to identify causes of improvements as well as the factors

limiting their benefits". (4)

Profitability is a measure or set of measures of the relation-
ship between financial resources and uses for these financial resources.

Revenues

(e.q , Return of Assefs,Return on Investments)

Costs
"Profitability is a function of productivity and price recovery. In
other words, a firm can increase profit by productivity improvement
and/or by price recovery. Productivity, caused by changes in capa-

city utilization and/ok changes in efficiency is thought as the

"controllable" e]ement!qf‘profitabi]ity; Whereas price recovery,



showing the degree to ‘which input cost changeé are passed onto output
prices, -is "uncontrollable" 1i.e imposéd by the market conditions.
The relationship between productivity, price recovery and profitabf]ity
is depicted by the model in Figure 1.1 (American Productivity Center,

1978)

Output Quantity Unit
Value Sold Price

& O | Ly

Profitability = Productivity x Price Recovery

il

G O O
Input

Value = Quantity used x Unit cost

Figure 1.1 : Relationship Between PrOductivity, Price Recovery and

Profitability.

Decomposition of profitability into productivity and price recovery
components enables the operations manager to analyée sources of
profits. It is obvious that, being a firm generating profit from
]ongperm productivity improVements, should always be preferﬁed to

being a firm generating profit from short term price recovery, whereas




traditional financial analysis would not observe any difference

between these two cases.

1.2. Prevailing Approaches

This study was started with a 1iterature survey of prevailing
approaches to productivity. The approaches, methodologies and measu-
rement techniques available 1in the productivity related topics can be

categorized das follows:

1.2.1. Action-Based Programs and Surrogate Approaches

The common characteristic of these approaches is that they try~to
achieve productivity improvements without productivity measurement,

“evaluation and control.

Action based programs are involved in determination of productivity
improvement projects in a systematic manner. Completion of each
project should solve some of the bbtt]eneck productivity problems
and should be followed by the start of a new project determined by

going through a prepared checklist (5), (6).



“A surrogate productivity measurement approach is one that does not
measure productivity directly but measures something that is highly
correlated with productivity" (7) It is assumed that measurement,
evaluation, control and improvement of surragate factors will result

in productivity improvements.

Some references for surrogate approaches are The Common Staffing
Study (8), Benefit/Cost Analysis (9), Managing Productivity by

Objectives (10) and Productivity Audits and Checklists (11),(12).

1.2.2. Productivity-Cost-Profitability Approach

The "productivity-cost-profitability" (P-C-P) system is developed .
undef the requirement of "a productiyity analysis framework which
would facilitate tracing the effects of any productivity-improving -
innovation oh each link in the complex netwbrk of fnteracting rela-
tionships being.managed." (13) Briefly summarized, it integrates
three levels of measurement and ana]ysis:the network of productivity
relationships, the structure ofrcost relationships and the managerial

control ratios.
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By Using the model of "network of productivity relationships", this
approach emphasizes that, a change in any component such as output
per man-hour, can be a result of either changes engendered within

that component or passive resultant of changes initiated elsewhere

in the network.

The analysis must be extended to include the economic effécts of
productivity improvement innovations in ofder to enable management

to evaluate the net benefits and give effective decisions. “"Structure
of costs" s superimposed on to the network of productivity relation-
ships to dna]yse the cost effects. Taking the impdrtance of the rate o
of profit on investment in to account, the productiVity network and
structure of costs are integrated with the "managerial control ratios

model" .

Managerial control ratios model, facilitates tracing interactions
among average product prices, total unit costs, capacity utilization,
the productivity of fixed investment and the internal allocation of
investment between fixed and working capital and partial effects of

variations of each of them on the rate of profit on total investment.

P.C.P. model is depicted in Figure 1.2
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__Profit_
T TJotal
Investment

Qutput
Capacity

Wage
Costs
Total
Cost

Material

. Fixed
Costs %S—"
Total Cost

Costs

Material
Cost

Output

L+ Material

Fixed
Rates of

Cost
Output
Wage ——o
Rates
/ Fixed
Charges and
\ / Juteation

Output Materials Voluine: Man-hours Output
Man. PN e e T T Materials

. hours Volume

Capacity
ixed
Investment

Materials: Utilized

Man-hours: U(ilizgd Fixed Ifwes(menl ) Fixed Investment

Figqre 1.2 : Productivity NetWork, Cost Sfructure

.

and Managerial Control Ratios. (14) -




1.2.3. Normotive Productivity Measurement Methbdo]ogy and Multi Criteria

~ Performance, Productivity Measurement Technique

This methodology uses structured group processes in the development
stage of productivity measures. The implicit assumption is: without
support from all levels of management and Labor, productivity impro-
vement can not be achievéd. After the generation of a prioritized
list of productivity measures by execution/of structured group
processes such as Nominal Group Technique or Delphi Technique, the
"productivity measurement system outline" is constructed by produc-
tivity analysts. This is followed by review,discussion, potential
revision and épprova] of the draft by the participants and integration
and implementation of the productivity measurement system by the
productivity analysts. The final step is continous monitoring of
the measurement system and feedback to the participants in hopes of
identifying productivity improvement opportdnit{es. For further

reference Sink (15) is recommended.

Multi Criteria Performance, Productivity Measurement Technique‘
suggests that, the productivity measures generated by the usage of
structured group processes should be aggregated according to the

subjective preferences of the operations manager.

Productivity can be defined as "the ratio of performance toward

organizational objectives to the totality of input parameters"(16).
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The problem is the multi-dimensional goal structure of organizations
which is solved by the usage of multi-attribute utility theory (17)
to combine performance measures related to each organizational

objective in a single aggregate measure.

"This number then represents the perceived value of efforts resulting

in performance toward the perceived objectives"(18)
1.2.4. Factorial Productivity Measurement Models

As mentioned in section 1.1 these models are called, partial factor,
multi factor or total factor productivity measurement models according

to the number of input factors inc]uded{in the productivity measure.

Partial factor productivity measurement models, including
only one of the input factors in the productivity measure are the most
primitive of all. Common examples are output per man-hour, value added

per man-hour, output per unit material etc.

The main defect of these models is that, they ignore the interaction’
between partial measures of var}ous_inputs which can easily lead to

erronious.. results.

As a typical example, consider a firm increasing outpufgrby

. optimizing machine utilization: wusing output per man-hour 'as the
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only measure, the analyst will observe an increase in productivity,

while labor productivity is actually unchanged.

Both multi-factor and total factor productivity measurement
models are based on blending the inputs of an organizational system
together and comparing the resulting aggregate input with the total
output of the same system. The major difference between these

approaches is the number of inputs and outputs included in the model.

In multi-factor productivity measurement models (MFPMM) _ human,
materia1,4capita] and energy are taken as inputs and only operational
outcomes of the system are taken as outputs of the model. One of the
best examples for this type of models is, Sink's MFPMM(15) which is
a dynamic, aggregated, indexed and computerized approach. It is based
on the premise that profitability is a function of productivity and

price recovery.

MFPMM generates a series of ratios and indexes to proQide additional
insight into the effects of : each factor on total broductivity, price
recovery and profitabi1i§y. Quantitiy, price and value (or any two)
of each output and input in botﬁ base and cﬁrrent periods are

necessary for the productivity analysis.



For total factor productivity measurement models the starting reference

is. Craig and Harris (19) and the most up to date references are Sumanth
(20), (21), (22); Sumanth's ‘model is a "product-oriented total productivity
model, which provides total productivity indices by each product (or at
Teast by each major product), in addition to an aggregate index"(21)

and presumably 1is a more useful tool for a company's management than

the aggregate models. This model includes dividents from securities,

interest from bonds and other incomes as additional outputs and working

capital and other expenses as additional inputs.

Other studies on total factor model building are due to Hamlin (23),

Myndel (2@),(25), Taylor and Davis (26) and Hines (27).

The MS thesis of Ggrglic (28) on productivity measurement and
the study of Oral (29) which describes and analyses productivity
improvement as a component of competitive pdwer should be mentioned

as they've valuable findings of this literature survey.

1.3 Productivity Management

Productivity management is a continous process having four’

phases, measurement, evaluation, planning and improvement. Measurement



16

is the first step in this Productivity-Cycle which necessitates
construction of a model, based on historical data to explain past
behaviour-of the system and its' performance criteria. Evaluation is
interpretation of the factors effecting the system behavfour,kby

the use of productivity analysis techniques. Planning involves
predictive use of the model to see the expected response of the
system to certain changes that may be imposed on the system by

outside factors or that are due to managerial decisions.

This is followed by the implementation of productivity improvement
projects designed in the planning phase. Continous control on
implementation is necessary to provide feedback for forth-coming

analysis.

1.3.1. Productivity Improvement Procedure (PIP)

Based on the conceptual framework and the above mentioned
prevailing approaches a Productivity Improvement Procedure is proposed

and the process flowchart is depicted in Figure 1.3
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The first step is specification of parémeters of the productivity

analysis. These parameters are basically the unit of analysis, base
period, time length of analysis periods and the number of periods to
be analyzed. A1l productivity measurement models require collection

of quantity; price and value (or any two) data for each of the analysis

periods.

Analysis of nast data will enable the manager to see the sources
of profits op losses and dominant factors Qf bottlenecks. The produc-:
tivity measurement model inQbives many variables and interrelationships.
Sensitivity analysis, showing to which extent the system and the
performance criteria are effected by a given incremental éhange of each
variable, will help in specifying potential factors of improvement.’
in order to have an idea about the results of productivity improvement
projects,management should perform various scenario analysis, where

more than one varriable of the productivity model change at a time.

Further the management can obtain a probability statement of
the result of the "best" scenario by the use of risk simutation mefhod.
This step requires specification of probabi1lity distributions of possible

changeé in the model variables.

Contro]]éb]e factors of the organizational system can be analyzed by
the deterministic appraisai method but the necessity of the usage of
probabilistic scenario analysis for uncontrollable factors is quite

evident.
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1.3.2. Content of the Thesis in Terms of PIP

The thesis-involves construction of a productivity measurement

and evaluation methodotogy.

Model building effort was practiced on an existing company. Data
processing was simplified via the use of a. table handling computer

package.

Development of effective means of productivity measurement
and tools for the analysis of dominant and potential factors of
productivity of an organizational system were the main issue of this

study.

The following is suggested to be a useful material in the measurement

and evaluation phases of the productivity management process.




II. APPLICATION

It is a commonly accepted fact that,any productivity analysis
should be based on a valid productivity measurement model. An existing
company was taken as the unit of analysis which obviously was the

object of the modeling study.

This chapter covers: description of the company, specification of the
parameters of the productivity analysis, data collection and model

construction effort.

2.1. Description of the Company

The unit of analysis is a company from the automotive by-product
sector, which is established on a 100 decars of land, where the buil-

dings area is 10500 square meters.

The firm produces all kinds’of wheels. for wehicles (except for automebiles)

which are:

i.  truck, bus anditrailer wheels
ii. tractor and agricultural vehicle wheels and

iii. 1ight commercial vehicle wheels



In brief, wheel manufacturing can be described as combining
press formed disc by means of welding or riveting to the wheel-rim
which is actually hot-formed steel for trucks and sheet metal for

tractors and light commercials.

Production capacity of .the firm(300.000 units/year in one shift)is over
the domestic demand. The firm started production in 1981 and captured
42% of the domestic market at the end of 1983, by a 63% rise in the
sales volume compared to that of the previous year. Besides this,
export possibilities are being investigated .in order to increase the
capacity utilization. The capital base was enlarged after the reor-

ganization and the restructuring in mid 1983.

2.2. Operations Flowchart of the Organizational System

Specification of the unit of analysis brings us to the step
of definition of the inputs, transformations, outputs and outcomes of
‘the system. - A company can always be taken a$ an organizdtional system
invo]Ved in the transformation of a financial inflow to a presumabTy'
(but unfortunately not aTways) gfeater finéncial outflow. In producer
firms, the finanéialfinflow is transformed into the inputs of production

which arethen corverted to the outputs of the system, Financial outflow
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can be realized only by marketing the finished products.

Including all the transformatioﬁ§in the organizational system,

the departmental operations flowchart can be utilized as:

i. a tool for the definition of inputs and outputs
ii. a checklist for the data collection

iii.a base for the model construction

Operations flowchart of the unit of analysis is depicted in Figure

2.1.

2.3. Parameters of the Model

Parameters of the model were specified during a productivity
related discussion with the assistant general -manager of the company.
It should be noted that, being the decision maker his preferences

played a dominant role in the decision process.

Base period selection was based on the premise that it should
represent the '"normal" operating conditions as mucs as possible.
The. years 1981 and 82 were assumed to be the transition périod covering

the time segment spent on Tearning the technology and implementation
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of new products.

Although 1983 seemed suitable for a yearly analysis, lack of an
effective management information system before the reorganization
made data collection impossible for the first five months of the

year,

January 1984 was selected to be the base period of the
productivity analysis covering the first half of 1984. Data

availability for the six,monthly pefiods was verified on the

operations filowchart.

2.4. Data Collection

Determination of the unit of analysis and specification of
the model parameters were followed Ey the definition of the outputs
~and inputs of the organizationa1 system. Finished and semi-finished
goods were defined to be the outputs and human, capital, material
and energy were defined to be the inputs of the multi-factor produq—'
tivity measurement model. As it is‘obvious from thé OPEEQtidnS flbwchq?t
scrappes, general managerial éosts, production overheads and financial
costs were not fnc]uded 1n-th¢.mode]. Inpufs and outputs were further

disaggregated by class, type and Ieveli;




periodic data for some levels of inputs or outputs resulted in the
exclusion of these variables from the model. It was suggeéted by

the prevailing approaches that, the accounting records usnally cover
the necessary data for productivity analysis. Although this was

not the case, accounting systems of the company had been investigated

. to provide a sound backgeound for model construction.

2.4.1. Data Classification

Quantitiy, price and value (or any two) of each input and
output in each of the analysis periods are the necessary data for

productivity analysis.

Stages of the data collection can be summarized follows:

2.4.1.1. Sales . ..

Only f1n1shed product sales*were included in- the model That

1s, component sa]es and scrap sales were d1sregarded because of the

BOGAZlU UMIVERSITES] KUTUPHH\‘




lack of reljable data.

Finished product sales were first decomposed into " types " according
to the wheel types: tractor, tractor'disc, truck and light commercial.
These classes were than disaggregated into "levels" according to

wheel” - . models.

Reports of the production department including the amount of
products sent to the customers, annual sa}es reports and accounting

records are available for data collection.

Net sales is defined to be the sold minus returned amount

of goods.

Unit selling prices change with time in retail sales while they seem
to be constant in whole sales. The constant selling price of whole
sales is caused by the reflection of(price increases made in June

1984, to the previous sales made after January 1984.

2.4.1.2. Finished Product Stocks . .

The hiérarchi '“position applied to sales items is also
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valid for finished product stocks.

Stock reports annually prepared by the production department,
include stock amounts of finished products. Total stock values are
available in the proforma income statements prepared at the end of
every two months. ‘Finished product stocks are evaluated by their’
unit industrial costs calculated using the cost accounting system
of the company. Costing study is performed by the accounting depart-

ment once in every two months.

2.4.1.3. Semi-Finished Product Stocks

Production of wheel.  consits of 15-20 operations. The
production process was decomposed into three or four phases depending

on type, each covering production of a major component of the finishing
product.
These sub-levels formed a data collection frame for the semi-finished

product stocks.



Stock amounts are available in the stock reports. An extra
work on these reports fs necessary to obtain stock figures in terms
of sub-levels of the model. Total stock value of the semi-finished

goods is calculated during the periodic costing study.

The accounting department bases the costing studies on their own
countings. Differences between the production and accounting
departments in categorizing a scrapped item(whether it can be
rescued or not) lead to some practicé] problems in the specification

of the stock amounts. -

2.4.1.4. Purchasing

The items included in thé mode] coVer approximqte1y 90% of
the total material cost. These are sheet irons, profi1es and J
| purchased parts, items such as paint, oil, electrodes, etc were
disregérded.' Sheet irons were decomposed into levels of p]ate‘
sheets an rolled sheets which include sub-Tevels of different

models. Profiles which are basica11y‘imported,,were levelized

according to their parentvtruck‘wheelté ’*[mmde].  The important

~ components of a wheelus4&#: flanj; segman and combring ~were included

in the,modél as-purchasedfbéktég'”
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Accounting records are the only reference for the amounts
)
and values of purchased items. Interests paid depending on the

payment programmes are embedded in the value of purchased items.

2.4.1.5. Material Stocks

The hierarchical decomposition applied to purchased items
is also valid for material stocks. Sheet irons are sent to a by-
produceyr for a cutting operation after the purchase. Cutting and

transportation costs are included in the value of a stocked item.

Accounting records are again the only reference for material
stocks. Unit cost of ‘an item, given to the production department
is defined to be the average unit value of the same item in the

stocks.

In the case of material bottlenecks model conversion of
sheet irons by :specific cutting operations is possible, but this
solution brings up practical problems both in costing study and

in data collection for productivity analysis.




2.4.1.6. Capital Inputs

Capital is commonly decompdsed into fixed capital and working
capital components. Fixed capital is composed of land and buildings,
piants and machinery, tools and fixtures, vehicles and inventories.
Accounting records were used as a reference for book values and

depreciation amounts of fixed capital.

Only stock data for working capital was collected whereas cash was

assumed to be negligable.

2.4.1.7. Energy Inputs

Although the firm utilizes various kinds of energy resources, the
engineering department was capable of giving only the electric

consumption.

Lack of reliable data made it impossible to include other energy

resources in:the model.
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2.4.1.8. Human Inputs

Human factors consist of personnel both in the general
management's building and in the factory plant. The :second was

further -decomposed into salaried and waged personnel.

Quantity of human inputs are the amount of man-months for the
salaried personnel (both in the factory and general management)

and the amount of man-hours for the waged personnel.

Work of the waged personnel was disaggregated into "normal work"
and "overtime work" both consisting the sub-levels according to

the work centers in the factory. .

Annual reports prepared by the personnel relations department
are available for both the amounth of work and the cost of personnel.
It is possible to notice the periodic jumps in the total personnel
costs curve by a rough 1nvestigation. These are caused by the
bonusges paid at the end of every three months, bairam and fuel

payments.

Actual values of the human resource consumption were calculated by
equally distributing the above mentioned payments to the related

analysis periods.
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2.4.2. Accounting Systems of the Company

Accounting systems of the company were investigated in order
to provide a sound background for model construction These are:
the costing .system, depreciatidon system and income statement

preparation.

2.4.2.1.  Costing System

Periodic costing studies are performed by the accounting
department to provide reliable data to the proforma income statements

prepared at the end of each two months.

Total costs of a production period are distributed according to some
dispatching keys and. added on to the industrial costs of the stocks

and sales.

Total material costs are distributed by weighing the products
according to their gross material consumption standards. Whereas total
labor, capital and produétion overhead costs are distributed by weighing
the products according-to iheir man-hour and machine-hour technical

grades. These technical grades are calculated on the baSis
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of a time study of the production process of each product.

2.4.2.2. Depre;iation System

The firm utilizes the straight Tine depreciation method which
.provides for the uniform write-off of an asset. The depreciation
amounts allowed at the end of each year are constant throughout the
asset's economic life. For some of the capital goods, depreciation
rates are specified by law e.g land and buildings should be -

depreciated by 2 % rate.

Total yearly depreciation is the sum of the constant depreciatior
allowed for the capital goods transferred from the previous year (which
can be calculated at the beginning of the year) and the depreciations

allowed for the new investments.

The amount of capital resource .consumption is defined to be
the starting vé]ue of the assets minus their accumulated depreciations
which actually is the "book-value" of these assets. Nhereés the
total depreciation allowed at the end of a year is considered to be

the value of the capita] resource consumption.




There is an additional amount of depreciation allowed for
the investment period overhead costs. The overhead of the investment
perio§ (300 million TL for our company) should be amortized in the
first five years after the estabTishment of a firm. Initial investment
depreciation (60 million TL per year) is excluded froh the industrial

costs and from ou}vhode1 as well.

The firm's assets are "revaluated" at the end of 1983.

2.4.2.3. Income Statement Preparation System

Proforma income statements are prépared by the accoﬁnting
department at the end of each-two months in order to inform the
general management about the aggregate performance of the company.
February is an exception because the accountihg department is
always ovér]oaded by the pfeparation of previous/year's balance sheet
and fncome statement during that period. The assqciéted part of the
yearly plan is takeneas a base fdr.the proforma income statement of

february, assuming the deviations from the plan are negligable.




Sales figures are based to the annual sales reports, stock
-evaulation and industrial costs of sold items covering the labor,
material, amortization and production overhead costs are based to
the above‘mentioned costing study. The profit/loss is ca]&u]ated
by the addition of the managerial overhead costs, financial costs

and the initial investment depreciation to the industrial costs.

Covering the periodic data, proforma income statements
could be a valuable data-base for the productivity analysis if

they were prepared in a monthly basis.

2.5. Modeling

On the basis.of the prevai]ing approaches an aggregated -
hierarchical, dynamic, multi-factor productivity measurement model
was constructed to represent the unit of analysis. Sink's MFPMM
was taken as a prototype and adopted to cover the above méntioned
data. The general framework of the database of the model is |

depicted in Figure 2.2.°
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Period I ...ccceueeennnnonPeriod VI

. Unit Total - Unmit Total
Outputs/Inputs Quantity Value Value...Quantity Value Value

Outputs

Classes

Typesk
Levels

Sub-Tevels

Inputs

Classes
Types
Levels
Sub-levels

-

Figure 2.2 Framework ‘of the Database of the Model

Modeling environment is described before the brief summary of the

data-base construction effort.




2.5.1. Modeling environment

Ease of computer usage in model building is obvious.
StructUral characteristics of the pfoductivity measurement model
resulted in the use of a table handling package. MULTIPLAN table
handling packége of B20 series of the Burroughs computers was

the modeling tool used.

Basically, Multiplan is a work-sheet simulator,allowing
64K active memory. It enables the user to construct a data
structure in an intuitive manner and provides hierarchical

relationships between "sheets".

As an aid for both businnes and personal needs Multiplan

is one of the powerful modeling and'p1anning tools.

2.5.2. Data sheets

First step of model construction was preparation of "data
sheets" to provide an analytical framework for productivity measure-
ment and analysis. Seperate data sheets were prepared for each

data type because of:dimensiona1 constraints. -General model



framework depicted in Figure 2.2 was taken as a basic structure

in all the following sheets.

A preceeding note about the fixed capital and stock sheets
is that, they have a minor discrepancy from the general frapework.
VThis is because, we can‘t talk about fixed capital or stock values
“during" an analysis period but we can only talk about fixed capital
or stock values "at" a specific timé point in an analysis period. -
The above mentioned datg sheets cover. the necassary data at the

beginning and at the end of each analysis period.

Data sheets are given in Appendix. A.

2.5.2.1. Sales=:Sheéet

Sales sheet was prepared on the basis of the general model

framework to cover the sales data (Appendix A.T)

Negative sale figures were used to represent returned products.

Absence of a sale wésﬁtepresented by a blank cell -on the sheet. Unit

selling prices are the average selling price of the_assdciatéd period.

Effects of.theppricy iges made at the end of June 1984 were

Cells associated with vuhdeténmigeg3gunit
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prices were left blank.

2.5.2.2. Finished_Product Stocks Sheet

Finished product stocks sheet was prepared on the basis
of the general model framework to cover the finished product stocks

data (Appendix A.2)

Null stocks were represented by blank cells. Producf
stocks are evaluated by their industrial costs in the income statement.
The same procedure was applied during evaluation of  the finished

product stocks in the model:

i. Stocks at the beginning of 1984 were evaluated by the average

| industrial costs of 1983. ‘

ii. Stocks at the end of January and February wére evaluated by the
industrial cost forecasts in the 1984 yearlykp1an.

iii.Stocks at the end qf March and April were evaluated by the
average industria1‘costs depicted in the proforma income

statement released at the end of April 1984.

1



iv. Stocks at the end of May and June were evaluated by the average
industrial costs depicted in the proforma income statement -

of June 1984.  The implicit assumption was that, the monthly
avenages would not deviate much from the average industrial costs

calculated for two months.

Cells associated with the unit costs which had nof been
calculated were left blank. Only the average industrial cost of
~the 8.0 x 20 medel 1in %983‘(which:wés implemented in 1984) was
estimated by assumming that it would follow a trend similar to

that of the 7.0 x 20 model.

2.5.2.3. Semi-finished Product Stock Sheets

Two seperate data sheets were prepared in order to cover the
semi-finished product stocks data. First ene is the semi-finished
product costing sheet which includes decompositipn of finished product
stocks into their componentg coéts.» (Appendix A.3.1) This shéet
transfers unit value infofmation to the second sheet covering the

periodic quantity, unit value and total value data for semi-finished



product stocks. (Appendix A.3.2)

To simplify both the data collection and the model construction,
production.processes consisting of 15-20 operations (depending on the
model), were disaggregated into 3-4 major operation groups. Lack of
unit value data for the outputs of these operation groups, necessitated
an extra costing study for the semi-finished products. Semi-finished
product cost{ng sheet was prepared for the  above-mentioned purposes.
The costing study due to June 1984 was-taken as a source for labor,
overhead and depreciation daté for finished products, in addition to
the technical grades and material consumption data for both finished

and semi-finished products.

Summation of the unit labor, overhead and depreciation costs
of a finished product was distributed to the related semi-finished
products by making use of the technical grades. Adding these onto
the unit material costs, total unit costs in other words unit values

of the semi-finished prodUcts were obtained.

Percentage disﬁributions of cqmponent costs in their finished
product costs were assumed to be constant throughout the six analysis
periods. This enabled decomposition of the unit finiéhed prodﬁct
costs according to the percentage distributions of JQne 1984 costs.
Second it was assumed that monthly average COStS'WEﬁ?\QOhStQﬁt in

“two months periods.
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Semi-finished product stocks sheet covering the quantity; unit
value and total value data was prepared according to the generalwmodel
framework.  Null stocks were represented by blank cells. Finished
product equivalents of semi-finished product stocks were calculated.

by making use of the above mentioned percentage distributions.

2.5.2.4. Purchasing Sheet

Purchasing sheet was prepared according to the general.model
framework. (Appendix A.4) For sheet metals and wheel components,
interests were included in total purchasing values. However, TL
equivalent of the foreign currency paid in profile imports consisted

the values of these purchases.

2.5.2.5.. Metarial Stocks Sheet

Material stocké sheet was prebared according to the general
model framework (Appendix A.5) Null stocks were represented by blank
cells. Stocks were evaluated by their average unit costs, including
unit punchasing, éutting and fransportation coéts; Cutting and

EN

. transportation costs were added on the stock value after the cutting



operation. Sheet metal stocks which.bonVerted into other types of
sheet metal by specific cutting operations, were considered to be

the stocks of these new types at the beginning of the productivity

analysis.

2.5.2.6. Fixed Capital Sheet

- Fixed capital sheet was prepared according to the general

model framework. (Appehdix A.6)

Value of usage, should be represented by the depreciafion allowed for
that fixed asset. In order to be consistent with the firm's accounts,
allowed depreciations were not decreased from the values of fixed
assets. Ipn generai, depreciations are assumed to be allowed at ths

end of each year.

The following formulas were applied in the generation of fixed

capital data:

Quantity of a Cummulative value Accumulated depreciation
fixed capital input= of that asset at the = of that asset at the
during a period end of the period beginning of 1984
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Value a fixed capital Cummulative value of that Yearly deprecia
_resource consumption = -~ asset at the end of X rate of that
during a periad < June 1984 asset

Average depreciation Value of the fixed capital resource consumption

rate of a period - Quantity of the fixed capital input

2.5.2.7.  Energy Sheet

"nergy sheet was prepared according to the general model framework

(Appendix A.7)

2.4.2.8. Personnel Sheet

Personnel sheet:was prepared according to the general model
.framework. (Appendix A.8) Quantities of human input consumed were
evaulated by their average unit costs including social aids , bairam
and fuel payments. Decomposition of the tota1.va1ues 6f normal and

overtime labor work into work centers, was performed by weighing the

quantity of labor input consumption of these work centers by their
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average hourly wages respectively. Values of labor input coﬁsumption
were calculated by distributing the above mentioned weighted sUm_to
the work centers. Average hourly wages of January 1984 were assumed
to be the weights valid for the first‘three months and that of April

were assumed to be the weights valfd for the last three months of

the analysis.



III. PRODUCTIVITY MEASUREMENT SYSTEM (PMS)

Productivity measures should be based on a valid model of

the unit of analysis. Data base construction for the hierarchicatl,

 aggregate and dynamic multi-factor productivity measurement model

was describgd in the previous chapter This chapter covers:
productivity measurement formulas, data refinement for productivity
measurement, information flow in the productivity measurement system

and the productivity measurement model (analysis sheets).

3.1. Productivity Measurement Formulas

A total productivity index . can be exnressed either as a ratio
of total productivity values of two periods (Sumanth) or as a ratio

of aggregate changes of outputs to aggregate changes of inputs (Sink).

Regardless of the total productivity expression and the number of

féctors included in the model, aggregation of inputs and outputs to
get the total input and total output figures is the basic problem

in factorial productivity measurement. Selection of an appropriate

method is a must in model construction. This aggregation method

s
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will enable the productivity analyst to calculate total change ratios

for input/output classes composed of levels having different units.

Let Q. U and V. i0 represent quantity, price and value of output
in base period and Qit’ it and Vit represent that of the same
output in current period. Some of the available indexing methods to
find the "weighted change ratio of outputs" (represented by qOT)

are given in the following table:

Name Weight Formuia of Q971
= Pio iy
Laspeyres index Base year prices(P. qnt = -
iv) o 0
. 10 Al
;
s Pit Qg
Passche index Current year prices(P..) Qe = —
1t 0T > p Q.
. it *i0
;
Z _—
: . _ i PitQ1t
Edgeworth index Arithmetic means of the qOT -5 . Q.
base and current year ioit i
prices.
= _ 1
Py == (Pip+Pig)) -
: %L Pit 'Q1t
Fabricent index Geometric means of the base Qg7 = —
and current year prices Z; Pir Qg

(Pi£: ‘P P10 )

Table 3.1 Indexing methods
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Sink's MFPMM was taken as a starting prbfoxype in this study of
productivity analysis to provide additional performance measures
such as price recovery and profitabi]ity. This enables the decision
maker -to trace the effects of productivity improvement progects both

on total product1v1ty and profitability of the firm.

Three of thé four stages Sink pointed out were adopted to construct

the basic model.

These are:
i. Calculation of weighted change ratios,
ii. Calculation of monetary changes ,
jii.Calculation of performans indexes:
productivity, price recovery and profitability for all the'
classes types, levels and sub-Tevels of inputs and outputs. ‘'‘Whereas

MFPMM of Sink covers performance index calculation for only inputs.

The fiourth-step is expressing the effects of performance changes on

profits in monetary terms which outstands the domain of this thesis.

Laspeyres index was utilized in the calculation of weighted
quantity change ratios whereas Paasche index was utilized in the
calculation of weighted price change ratios. This enabled maintaining
the product relationshib between quantity, price and value change |

ratios in%the higher levels of the hierarchical model.



Besides being the product of weighted quantity and price change ratios
a weighted value change ratio is the ratio of total value in current
period to total value in bése period. This is because any group of
inputs/outputs have a common value unit in‘monetary terms.

Calculation of change ratios results in the drop of units.

Monetary effects of changes were calculated to provide
additional insight to factorial changes. quetaty effects of quantity
changes were calculated by fixing the prices to their base year level
and moving the quantities to their current yéar level. While monetary
effects of price changes were calculated by fixing the quantities to -
their current year level and moving the prices to their current year
level. Summation of monetary effects of these two changes gave the
monetary effects of value changes. Calculation of monetary effects of

changes is depicted in Figure 3.1

Price
A
b ‘monetary effects of
£ value change
at Nap = Vin 5 (Pop Q)
it i0 "¢f
. : o~
” 4 -
- ‘
P monetary effect of
//- price change: Q1t(P
~ : W
Pqu " : =1 (P10 Q1t)
: (P'O 0 monetary effect of
i : . n -
i ~ quantity change i PiO(Qit Qio) )
g _ B o 'f Quantity
T Qo ' e Qi |
Figure §!T*' Ca]cu]at1on of Manetary Effects of Changes , -

(for output "3 ")

Pio)



Performance indexes (productivfty, price recovery and
productivity) of an input were calculated by dividing the weighted
quantity, price and value change ratio of total outputs to quantity,

price and value change ratio of that input respectively.

In the caicu]ation of performance indexes of an output, change ratios
of that output took place in the numerator while weighted change ratios
of total inputs were put in the denainator of the performance indéx
expression. By this, product re]atiohships between productivity,
price recovery and profitability indexe; were maintained at all Tevels

of the model.

Productivity measurement formulas are given in Table 3.2

e i e A T S




PERFORMANCE.

WEIGHTED CHANGE RATIOS MONETARY CHANGES
. Unit Produc-
Quantity Unit Volue Value Quantity { Value Value .
tivity
<. PigQit . Q, . Q
¢ BRSPS P et g P BT e P O A
= = = - v =[5 ot <[ Vi
O E Rl | | rPiplic|  FPeQig| T . S
/o N . Qe s | A
U =Qit/Qig | Pi-Pt/Pig [VizVit/Vig |1+ “ﬁ¢% FavieVig | A
’ o] -:(Pt Pﬁ)Qi* ql"-
e o Z P O YR ™ TL .
q _d 3 it o J bt . %a{: e ;1L=Zq": F;:'r ZPTL VI"':%JJ Qov Pox
N Rl L2 B Ty S og094] 3 |
" fpw Qg 23'_P_~,¢QJ{: %—P‘MQJ¢ Qe
q. At /qiy |p-Btleyg |vi=Vit/Vie f@f 1 Sl -P)% Vi Vi Vig | Qer
j= J J¢ 1= Jg J= 1 ) TSk gl 73

Table 3.2 Productivity

Measurement System Formulas
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3.2. Data Refinement

Although data collection and data base constrdction phases of
this study went down to sub-level details, productivity measurement
model was decided to be bounded by class and type categories of data.
This was to simplfy both the measurement and analysis of productivity.-
Refinement of the collected data was necessary before feeding them into
the measurement model. "Data Refinement Sheet" is given in Appendix .

A.9.

3.2.1. Generation of Interva] Data

Dynamic productivity indexeé‘invo]vebcomparison of productivity
ratios of two time periods which necessitates quantity, unit pricé and
‘value (or any two) of outputs produced and inputs consumed during both
of those periods. As mentioned above, fixed capital and stock data
represent the nece§sary figures at the beginning and at the end of -the
‘analysis periods. The "interval data" were obtained from the type total

‘,(each representing sum of the figures in the associated levels/sub-

 levels) of the data base.



The following formula was applied for outputs of the model.

Production = Sales = Starting : Ending
Finished, Semi-finished4-Finished , Semi-finished
product stocks product stocks

It sheuld be noted that, finished ahd semi-finished production amounts

were expressed as a sum in terms of their finished product equivalents

for each wheel: type.

Material consumption during the analysis periods were calculated

as follows:
Material Consumption = Purchases <+ Starting — Ending
' Material Material

‘Stocks Stocks
Fixed capital is the "least changing"; one of all inputs. So,
it was assumed that, starting book value of a fixed asset would répresent

the related quantity of fixed capital input during an analysis period.

Energy.conSUmption and human inputs data didn't necessitate any

extra operation.
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3.2.2. Scaling of Data

Proforma income statements are prepared by the accounting
department to inform the top management at the end of every two v
months. In the saée of June, inventory was counted onbthe twenthyfifth
to make the income statement ready on the first of July. Thus it was
necessary to scale the sixth period's data except fixed capital and

human inputs.

. Quantities and values of production, material and energy
consumption were increased by 4/3. - Unit values were not changed
assuming the monthly average would be near to the first three weekis

average.

3.3 Information Flow in PMS

After the‘refinément,data. were available for-thguproduCtivity '
measurement and ana]yﬁis, Information flow (between the sheets)
in PMS is debicted in Figuré 3.2. File names, sheet functions
and the Tevel of information flow between sheets are shown in the

.figure. Analysis sheets will be explained in the following sections.
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3.4. Analysis Sheets

Completing data preparation and construction of the general
model framework, brought Us to the step of productivity measurement
and analysis. Two seperate "analysis sheets", based on the general
“model framework were prepared for measurement and analysis purposes.
Contents of these sheets are given in Appendix B .  As shown in ‘
Figure 3.2 both of these sheets were linked to the Data Refinement
Sheet to transfer the "Productivity Data Table" (given in Appendix
B.]), In addition to the Productivity Data Table the first analysis

sheet covers:

i. Change Ratios Table,
ii. Performance Indexes Table and
iii. Productivity Weights Table

while the second analysis sheet covers:

i. Monetary Changes Table and

ii. Relative Sensitivities Table

Being basically related to productivity measurement, three of the above:
Change Ratidbs Table, Monetary Changes Table and Performance Indexes

Table will be described in this section.
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3.4.1. Change Ratios Table

Change Ratios Table (givem Appendix B.2) was prepared by
utilizing the "Weighted change ratios" formulas depicted in
Table 3.2.  This tabfe covers, change ratios of quantity, unit price
and value of each item at the six ana1ysisvperieds. .Change ratios
represent changes with respect to the base period so, change ratios

of the base period are obviously equal to 1.0.

Hierarchical structure of the model was also maintained in
this sheet. Change ratios of type category items were calculated
by simple ratios. Whereas change ratios of class totals, total

inputs and total outputs were calculated by weighted ratios.

3.4.2. Monetary Changes Table

Monetary Changes Table (given in Appendix B;3) wasoprepared
by utilizing the "monetary changes” formulas depicted in Table 3.2.
Th1s table covers, decompes1t10n of monetany effects of va1ue changes

to quant1ty change and un1t price change based components, for each.
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item in each of the six analysis periods. Monetary changes represent
monetary effects of changes with respect to the base period. Thus,

monetary changes of base period are obviously equal to zero.

Hierarchical structure of the model was also maintained in
this sheet. Monetary changes of btype category items were calculated
by the above mentioned formulas. Monetary changes of cTass totals‘
are the sum of monetary changeé of related types, whereas that of

inputs and outputs are the sum of t]éss totals.

3.4.2. Monetary Changes Table

Performance Indexes Table (given in Appendix B.4)was prepared
by utilizing the "performance indexes" formulas depicted in Table 3.2.
This table covers productivity, pr%ce recovery and profitability -
indexes of each item at the six analysis periods. Since those
indexes represent performance compared to that of the base period,
base beriod performahce indexes are assigned the value 1.0.‘ |
Hierarchical structure of the model‘was maintained by taking the

éppropriate simple change’ratio or weighted change ratio into the

performance index expression.
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Productivity measurement was completed by khe preparation of
the above mentioned three tables. Furthermore,two additional tables:
Productivity Weights Table and Relative Sensitivities Table were
prepared to provide insight in eva]uafion and analysis of the
productivity measores. These two tables will be described later, but
self-control facilities in the productivity measurement system

should be pointed out as a final note of this section.

Extensive linkage between data and analysis sheets and
hierarchical, aggregated and indexed structure of the model enables
the analyst to observe data declaration, data handling or punching
errors easily. The following errors were detected after a rough!

inspection of the measurement tables:

i. A data declaration error in "SDC Combring" stocks

Date " Declared Stock : Actual Stock
December 31, 1983 16500 6500
January 31, 1984 10166 4166 -

ii. A punching error in "SDC Gobek" stocks

Date False True

May 31, 1984 - 58880 5888
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iii. A data handling error in factory personnel costs at June 1984.
The fuel payments (4.450.000 TL) and the holidays payments (1.090.000 TL)
made at the end of the sixth month were equally distributed to the six

analysis periods.

The above errors were basically noticed from the abnormal jumps in change

ratios or performance indexes,
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IV. THEORETICAL ISSUES

Precéeding three chapters cover conceptual framework; data
base construction and basic productivity - measurement model of the
unit of analysis. It is possible to monitor performance of the
organizational system by the ease of this model. However,
interpretation, evaluation and ana]ysislof.these measures.are neces-
sary for generation, implementation and control of productivity
improvement projects. This chaptér will cover the construction
of an analytical framework and sdme theoretical contributions to

constitute a base for the productivity analysis.

Total productivity can be defined as the "ratio of total
tangible  output (in value terms) to the sum of all tangible
inputs (in cost terms)." (21) Product-oriented total prodﬁctivity
model of Sumanth and Mﬁ1t1—factor productivity measurement model of
Sink were decided to be the a]ternative prototypes for this . study.
.Total producfivity index is expressed as a ratio of total productivity
values of two periods in the first model, whereas multi-factor |
productivity index is expressed as a ratio 6f aggregate changes of

outputs to that of inputs in the second.
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However the similarity of these approaches is obvious from the following

equivalence.

Output(J) Outgutgj}
Input(j) Output(i)
Productivity index(jv) = =
Outgutgﬁz Input(J)
Input(i) Input(3)

Productivity value(j) _. Change of outputs

Productivity value(i) ~ Change of inputs

where (i) represents the base period and (j) represents the current
period. Furthermore, Sumanth's example (21) was analyzed by Sink's

approach and the Same results were obtained for total and partial

productivities of inputs.

Sink's model seemed to be more advantageous since it provides
-additional performance measures. Although ilack of past data disabled
construction of a product-oriented total productivity model, Sumath's

paper was used as a basic reference throughout this study.
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4.1. Productivity Matrix

Let us consider a firm consuming five inputs: human,matérial,
capital, energy and others and producing "N" types of outputs. The

following table can be prepared for the base period (period @) (Table 4.1)

The above table is called "Productivity Values Matrix" for the base

period 1in which

0,9 : base period value of product it

OF, : base period value of total outputs of the firm,

IijO : base period value of consumption of input "j . for product'"i“
IjO : base period value of total consumption of input "j".

IiO : base period value of total input consumption of product "i".
IFO : base period value of total input consumption of the firm

A similar Productivity Values Matrix can also be prepared for the

current period (period t) (Table 4.2)

The previous notation applies to the above table and all terms represent

current year values in base period terms.
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Productivity indexes of the current period are defined to be the ratio
| of . productivity values of the current pefiod to that of the-base period.
So, "Productivity Indexes Matrix" ‘of the current period can’ be

obtained by diving all terms of the later value matrix by the

related terms of the former. (Table 4.3).

The above table is consistent with the previous notation and all
terms represent changes in input/output values (in base period terms)

respectively.

It is obvious from the above table that, the productivity indexes of
the current period can be obtained either from the ratio of productivity

values or from the ratio of output changes to input changes.

For the sake of simplicity "productivity indexes" part of Table 4.3

are represented in Table 4.4.

The above table covers the productivity indexes of the current period

in which:

Ppijt : bartia]'productivity index of input "j" with respect to prqduct
"i"‘in.period "t '

PPth': partial broductivity’indeX'of input "j""in period "t",

Tpit'= total productivity index of product "i" in period "t" and

TPF% :  total productivity index of firm in period "t".
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Aggregate productivity measurement models deal only with the last
~row of the Productivity Indexes Matrix i.e partial productivities
of inputs and total productivity of firm. Whereas, product-oriented
proddctivity measurement models focus on the whole matrix that is
they are additionally interested in partial productivities of inputs

with respect to individual products and total productivities of

products.

Partial productivity of an input with respect to a specific
product is related to the *consumption of the former during the
production of the Tater. Total productivity of a product is related
to the total input consumption of that product whereas partial-
prqductivity of the firm of an input is related to the consumption
of that input during the whole production process. tha1 productivity
of the firm~ is related to the totaiity‘of inputs consumed to produce

the totality of outputs.

Total productivity value of a product represénts the value of
that prbduct (in base period terms) produced by consuming one unit of
the associated inputs mix. Whereas tota]Iproductivity index of a
product repreéents the change of the above mentioned value
cbmpared to that of the base period.  Now, total outputs can be

cansidered as the Um#]) st product produced by consuming the

total inputs mix. Then, total productivity value of.the firm
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represents the value of that hypothetical product i.e total outputs
(in base period terms) per a unit "total inputs mix" consumption
while total productivity index of the firm represents the change

of the above mentioned value compared to that of the base period.
Partial productivity value of an input with respect to a specific
product representé the value of that product (in base period terms)
and partial productivity value of an input represents the value of
the "total product" (in base period terms) both produced by
consuming one unit of that input. Obviously the indexes renre-
sent changes of these values compared to those of the base period.
An“impbrtant note about these partial productivity values is that
while focusing on the value of the output produced by the consump-
tion of a unit of the associated input, they ignore the necessity
of the usage of other ‘inputs during production. Assuming all
inputs have the same significance in prbduction (i.e they are all
_necessary) these partial productivity - values should be divided by

the numbey of inputs to obtain better indicators of performance.

éeing an aggregate model, the productivity measurement model
of this study focases on the partial productivity of 1nputs and ﬁbe
total ﬁrodqctivify of firm;b The relationship between the partial
productivities of 1npu£s and the total productivity of the firm is
covered in the next seétion. Furthermore, the relationship between

output productivity iformulation of the model (Table 3.2) and the

rwﬁgtotal nrproduct1v1ty of pro ct formulat1on in the Productivity

'-Indexes Matr1x (Tab]e 4. 4) W111 be 1nvestggated
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4.2. Productivity Weights

‘It can easily be verified that, "total productivity of a
product is the weighted sgm of itg partial productivities and the
total productivity of firm is a weighted sum of the partial
productivities (of inputs) of the firm" (21) The above statement

is true for both productivity values and productivity indexes.

Let us take productivity values first. Total productivity

value of product "i" in period "t" (T% satisfieé the following

t)
equivalence (for every product "i" and time period “t"):

TP. :—.Z;:. W

it PP .. | where

Partial productivity value of
PPi .y = input "§" wrt product "i" in period "t g
o number of inputs

"Productivity value weights" are:

List
3t T

for i=1,2, ..n and j€ (H,M,C,E,X)
it ’
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Obviously:

= wijt =1 for i=1,2,....n
d

Whereas, total productivity value of firm in period "t" (TPFt)

satisfies the following equivalence (for every time period "t"):

TPFt = b wjt PPth where
] .
_Partial productivity value of input
PPE - J" in period "t", and

/Jt number of inputs

"productivity value weights" are:

I
it
W = ————  for 5 (HM,CLE,X)
ETrF
t
Obviously:
| o= 1
}; th :
j

Next, let us consider productivity indexes. Total productivity index

of product "i" in period "t" (Tpit) satisfies the following
equivalence (for every product "i" ia'nd time period "t");

3 . [ !

P = % wijt PPijt where
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"productivity index weights" are:

o Liso st Lise
W.. =
ijt

) for i=1,2..n and
i0 it Lit € (MM,C,E,X)

I

and obviously,

> Nijt =1 fori=1,2,....n

Whereas  total productivity index of a firm in period "t" (TPF;:) satis-
fies the following equivalence (for every time period "t"):

TPF = W, PPF
t T Jgt it vihere

"productivity index weig'hts" are:

, I, I, f.,
Hy = it o= 38 ror g€ m,0,EX)
IF, IF', IF,
and obviously,
Wi, =1
2.t
J

Then, being a weighted sym of the partial productivity indexes of
inputs, total productivity index of firm is always between the above

mentioned partial productivities. Similar rules hold for the three

other cases.
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Furthermore, if current period value (in base period terms) of an
input consumption is zero then, productivity index weight of that
input will be zero which will prevént total productivity index of
firm from being infinity while the partial productivity of that

input is infinity.

If base period value of an input consumption is zero then it will be
impossible to moenitor partial productivities of the following periods.

It is necessary to shift the base period.

4.3. Total Productivity of Products

It is a commanly aceepted fact that a product-oriented total
productivity model, providing total broductivity indexes of each
product in addition to the aggregate indexes, will be  a more .useful
tool to a manager than an aggregate model. Tﬁe cha]]enging disadvan-
tage of product-oriented-models is that, they involve a considerable
amount of record keeping and computations. The later can be overcéme
by the ease of computers but the former necessitates an effective _
managemént information - system. Lack-qf detailed past data disabled
construcfion of a product—otiented total productivity model in this
study. However, an output productivity formulation (on the data base

of the aggreqate model)ﬁiﬁS'propO§éd-td*dbt&fﬁ3reliab1e "estimates"
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of total productivity indexes of products in certain circumstances.

Output productivity formulation involves decomposition of total
productivity of firm into output components and the relationship
between this formulation and total productivity indexes of products

will be investigated in this section.

Let (_)ﬁt) denote output productivity vector of the model
in period "t" and (Et) denote total productivity index of products

vector in period "t" Then, using the previous notation:

F v ) r 7
0,y I o' ; IF
1t 1t it t
—T—Et = i X = 5 where
L N .
I.
‘ i0 \
IF . =Z -
"-IFO it
We cah continue as follows:
=X, i =1 for i =1 n
AL lt iff IFt o \
IF =1 iff
t it
i) _I' = I;t for 1=1 n and




A

I.
; it
Furthermore, I.. = ——— that is
it I
i0
It = Iit for i=1l...n

where IO’ It and I' are the arithmetic means.

t
To state it in words, the above mentioned two vectors are equal
if and only if both the base period input consumption of products
and the current period input consumption of products are equal fo
their arithmetic means respectively. Next, the current period

conditions are changed and discrepancy between the two vectors is

analyzed.
Let
*
_ & Lo e .
Iit = Iit +~5 for i =1 Lo while

Then IF = IF and the vector X is unaffected. But,
t t t
- |
™o and
1 _
|*-
=T -

it it




=F; - TP = - 2ti g
o+ C i it IF,

it

Re]ative sensitivity of the total productiorty index of products
vector with respect to percentage changes in current period value

of a product is

ATPit /TP oy |
=] and
Al My ’
LLaFF it £ i
TP - T,
it t

That is, percentage error occur during the use of the output productivity
vector is bounded by the percentage difference of the current period

product value (in base period terms) from the arithmetic mean.

Productivity index weights of the output productivities should
be added to complete the 1ist of productivity weights. Total productivity
index of a firm in period “t" (TPFt ) satisfies the following

‘equivalence (for every time period "t"):

TPFt :;.2? Wit Xit where
S




C"productivity index weights" are:

' 00
wit = — for i=1...n
: OFO

and obviously,

Zi.w%t = 1

1‘
Then, being a weighted sum of the output productivity indexes, total

productivity index of firm is always between these output producti-

vities. -

Furthermore, if the base period production of an output is zero the
productivity index weight of that output in the following periods

will be =zero.

4.4 Relative Sensitivity

The above mentioned “produutivity weights" point out dominant
factors of total productivity of a firm. Relative sensitivities of

total productivity of a firm due to percentage Changes,in input
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consumption show the potential factors of productivity improvement.
This section covers formulation of relative sensitivities of
productivity, price recovery and profitability indexes of inputs and
profit of a firm due to'percentage changes in quantities-and unit

prices of all the outputs and inputs.

An illustrative example will be given before the relative

sensitivity formulation: Profit of a firm in period "t" (Vt)

is defined to be:

Vi = 21 Pir Q¢ “é Pit Q¢
where (Pit) and (Qit) repreéent unit price and quantity of product

Hwan

i in period "t" and (P and (th) represent unit price and

2
quantity of input "j" in period "t" vrespectively. Let us analyze
percentage change in the profit due to a percent change in the
quantity of input "A" in period "t". Relative sensitivity of
profit due to percéntage changeé in input quantity is definedu'td
be: : :
a ViV Pat Qag

Ry, = ——————— = -

e A0,,/0, | Ve

Relative sensitivity formu]as are depicted in Table 4.5




PRODUCTIVITY PRICE RECOVERY "PROFITABILITY PROFIT
 QuTPUT ANY INPUT |TOTAL INPUTS ANY INPUT | TOTAL INPUTS ANY INPUT |TOTAL INPUTS
b —_— Pae Qe | Pat Qat Pat Qe | Pat ae Pat e
At E 5 S p. Q. |5r. .0 v,
7P Qg —-TP‘.t Qit oAt it e ittt t
Pao Qat | Pao Qat | Pat Qat Pat Qat Pat Qat
2P0 X Z.pP.. Q.| &, P, Q. v
3 10 it 1.P1.0 Qit i it it i it Yt t
INPUT B | TOTAL INPUTS | INPUT B | TOTAL INPUTS - |  INPUT B TOTAL INPUTS
o Pat gt Pt gt "Bt Upt
——— -] - — - —
3 2. p.. Q.
e 1y
| A "so %t | | Pt gt Pet Uat
Q. | -1 S —_— —_— - ]
Bt | s
B , X- P.. Q.. ‘ . P.. Q. )
J 30 "t Jjoat tit t
, N : Table 4.5 Relative Sensitivity Formulas
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Although changes in quantity or unit price of an output affect
performance indexes of all the inputs, price changes in quant1ty
or unit price of an input has no effect on the performance indexes

of other inputs. It is obvious from Table 4.5 that

2: Rp. + 2{ RP and -
;

it =
J

I\

jt

i

R R
% G+ %th

where (R) denotes relative sensitivity of profit.

It should be pointed out that, relative sensitivity of total productivity f
of a firm due to percentage changes in quantity of input "A" 1is equal
to productivity index weight .of the partial productivity of that input.
That is

N At

= W'

> o0y, IF, At
i o0 ‘

{
I

This is because dominant factors of productivity are obviousty the
potential factors of short term improVements i.e they do not Toose

their dominance against incremental changes.
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V. PRODUCTIVITY ANALYSIS

Evaluation and analysis of the productivity measures are
necessary for the generation of productivity improvement projects.
Other performance measures (price recovery and profitability)
provided by the productivity measurement model were considered
to be out of the domain of this study so analysis effort was
focused only on productivity measures. The necessify of model
validation before the analysis is gquite evident. This is followed
by determination of dominant and potential factofs of’productivity
by the ease of the analytical framework described in the preCeéding

chapter.

5.1. Model Validation

Hierarchical productivity measurement model. of this study is
based on a detailed data base. Accounting records of .the company
do not cover all the necessary data contradicting the suggesticns
of prevailing approaches. Howevef, proforma incbme statements
which are prepared by the accounting department at the end of every

two months were used as basic references for validation of the

‘measurement model.
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That is, model validation was performed via a comparison of related
records of the model and the proforma income statements. Table 5.1
covers comparison of the accumulated figures of the model with

related records of the proforma income statements in a two monthly

basis.

MODEL INCOME Jan-Feb Jan-April Jan-June
(M) STATEMENT (IS) M IS MoIS Mo IS
Total Sales revenue 367 334 791 680 1131 1107
outputs

Total Total costs ‘

inputs : 273.3 302 597.9 597 859.7 844
Matéria] Material4BS-ES 163 196 376 380 525 509
Fixed Depreciations 60 52 120 105 180 166
capital

Energy Energy 3.3 - 4 6.9 7 9.7 10
Personnel  Labor4 Personnel 47 50 95 105 145 159

1.Soc1a]'aids

Table 5.1 Comparison of Related Records of the Model ahdv
the Proforma Income Statements (million TL)

The figures in the above table do not point out any significant

discrepancies between the model and the income statements. Values
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of the beginning (BS) and ending (ES) stocks of finished and
semifinished goods in terms of their raw materié] equivalents

are embedded in.the material costs wﬁi]e the depreciations allowed-
for the investment overheads are embedded in the deprecidtions in
the proforma income statements. Stock values were not depicted

in the proforma income statement of February.

The above analysis was followed by a comparison of the
stock figures of the model with that of the income statements.

Table 5.2 depicts comparison of the stéck values

Jan 1 st June 30 th
Stock type M IS M IS
Finished and semi finished goods - 97 142 172 172
Material 2202 206 140 135
Total Stocks 299 348 312 307

Table 5.2 Stock values (Million TL) of the Model and the Proforma
Income Statements

The 45 million discrepancy in the starting finished and semi—fiﬁished
product stocks of 1984 arises from the inconsistency between the

production and accounting departments in the classification of

scrapped items.
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Being indirectly related with the(operations, the following

items were excluded from

Other prodUction costs
Managerial overheads

Financial costs

Total

the measurement model:

Jan-Feb Jan-April Jan-June

20 49 70
1 33 43
61 128 197
92 210 310

Table 5.3 Items Excluded From the Model (million TL)

The above mentioned expenses could be equally distributed to the related

time periods and added to the model (for the sake of completeness).

Base period Vvalue of the expense should be taken as the "quantity"

while current period value consists the "vaiue" of that item. It

is obvious that an appropriate deflator should be taken as the

"unit value", to maintain the relationship between quantity, unit

value and value of the item. These expenses were not added to the

model assuming they would have negligable éffect on the performance

indexes.
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5.2. Determination of Dominant Factors

It is possible to point out the dominant factors of productivity
by graphical analysis of productivity indexes and evaluation of

productivity weights.

5.2.1. Graphical Analysis of Productivity Indexes

Graphical analysis is a common way of 1dentifyfng trends of
the indicators through time. Providing additional insight to the
development of organizational performance;productivity graphics are
valuable tools of an operations manager. Productivity graphics -
covering fhe productivity indexes obtained from the productivity
measurement system.for the six analysis periods are given in
Appendix C . The hierarchical decomposition stfategy was also

followed during the analysis of the following graphics:
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.1. Input factors productivity indexes (AppendixC.1)
i1. Material productivity indexes (Appendix C.2)
iii.Fixed capital productivity indexes (Appendix C.3)

iv. Personnel productivity indexes (Appendix C.4)

v. Output productivity indexes (Appendip C.5).

Since, the company did not implement any productivity improvement
programs the indexes show the trend in the operational performance
other than the degree of success of‘a productivity improvement
project. So. no variations were expected in fixed capital,

personnel and energy consumptions during a six months period. -

Productivity indexes of fixed capital, energy and personnel
inputs follows simi]ar.trends. Further analysis shows that fluc-
tuations in the change ratios of these input factors are negligable
i accordance with the expectations. Thus, productivity indexes of
fixed capital, energy and persénne1 inputs can be considered as a

function of output change ratios.

However, it can intuitively be stated that material productivity
is dominant during the determination of total productivity of the firm.
But,being a function of fluctuating productivity indexes of the ‘three
types; material productivity index does not.follow a similar trend

to that of the other‘inputs. Further analysis shows- the tnconsistency
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between éhange ratios of outputs and material consumption. It is
found that profile consumption during truck wheel production varies
from 17 kg/wheel (in May 1984) +to 39 kg/wheel (in March 1984).
However, profi]e consumption standarts very from 22 kg/wheel to

29 kg/wheel depending on the model of the wheel. The role of
nonstandard material consumption in the above mentioned variatfon
is obvious. Unfortunately, bounding the measurement model by the
class and type categories of data for decision support purposes can

have an accelareting effect on this'fluctUation.

Note that, change ratios of type category data were calculated to

be simpje ratios of type totals (representing 5um of associated
levels) other then weighted total change ratio of associated Tevels.
By this, characteristical differences within both the output levels

and the material levels were assumed to be negligable.

5.2.2. Productivity Weights Table

Productivity weights‘tab1e»giveh in Appendix B.5 was prepared

by using the formulas developed in section 4.2,

e gane i T
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It was stated that, total productivity of a firmwas a weighted
sum of the partial productivities of inputs. Productivity index weighfs
of these partial productivities arevdefined to be the current period
input conéumption percentages defined in terms of the base period.
Furthermore, these weights are found to be the product of base period
consumption percentages and current period change percentages. Whereas,
the latter is defined to be the ratio of value change of the input to
that of total inputs, while all values are expressed in base period
terms. This is summarized by the following formula:

I I

b - jt 0 it
W, =
J IF, IF

U

0

Productivity index weights were computed by multiplying the base
period consumption percentages by the current period change percenta-
ges. Current period consumption percentages in current period terms
ére additionally provided 1n-the‘£ab1e. Note that, productivity
index weights of outputs are constant and equal to base period
production percentage of outputs. Hierarchical structure of the
model is again maintained in this table, productivity index weights
of classes add up to one while that of types add up to the re]ated
class weight.‘ It.can'easi1y be seen from the following table that,'
‘truck wheels are the ddminant factor in total productivity of outputs
(with 51 percent weight) while, material consumption is:the dominant

factor in total productivity of inputs. (with 56 percent weight)



Outputs - Tractor wheels ....... 22%
= TTF Disc . iveiivivnnnnn.. 16%
- Truck wheels .............. 51%

Light Commercial wheels....11%

Inputs

Material ...t 56%

- Sheet Metals ..ovvninnnn. ...

- Profiles.............. e

- Fixed Capital ........... ... 25%

- Plant and Machinery ........ '
- Tools and factores ........

- 0thers oot e

- General Management .......

- Salaried .....ciiiiii..

Table 5.4 Productivity Weights of

90

June 1984
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It is interesting to point out the 31 percent weight of profiles which
is over all the other input classes. The dominating role of technological
input (fixed capital) with a 25 percent weight on human inputs with

18 percent weight should be noticed.

Graphics of productvitity index weights of input factors and

outputs are also included in Appendixes  C.1 and C.5 respectively.

5.3. Determination of Potential Factors

It is possible to point out the potential factors of productivity
by evaluating the relative sensitivity of total productivity of firm

due to percentage changes in input quantities.

5.3.1. Relative Sensitivities- Table

~Relative sensitivities table given in Appendix B.6 was
prepared by uc1ng the formulas depicted in Table 4.5. The table

covers re]at1ve sens1t1v1ty f1gures at the end of June 1984.
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Relative sensitivities of performance indexes due to percentage
changes in inputs were represented by negative numbers indicating the
opposing effects of these changes.

Figures in the table denote the expected percentage change in the
performance'indexes due to a percent change of any input or output

factor.

Hierarchical structure of the model exists in this table also.
That is,relative sensitivities of classes add up to one while that of
types add up to the related class sensitivity. As explained before,
profit is an exception of this rule. However, sum of relative

sensitivities of profit due to output and input factors add up to

one.

Relative sensitivity vector of total productivity is equal

to productivity index weights vector of June 1984 as it was proved

in Section 4.4..



93

VI. CONCLUSION

Organizatiohal systems performance measurement is a critical
component in the general management process. Reliable measurement
systems constitute a sound basis for continous monitoring and control
of organizational performance. It is obvious that, reliability of
a performance measurement system dependéron effectiveness of the
management information system and validity of the performance
measurement mode]L Continous monitoking and control of organizational
performance enables the manager to point out bottlenecks of improvement,
notice potential factors of improvement and evaluate success of
implemented improvement projects. In " this context, performance

measurement systems can be thought as decision support systems.

Productivity is one of the performance measures of an
organizational system. Simplification of complex structure of
organizational systems is necessary toconstruct a measurement model.
This is done by défining productivity as a ratio of total tangib}e.
outputs to tetal tangib1e inputs.  That is 1ntangib1e input and
output. factors such as hoice; sun light, psychological motivation

of workers will not be explicitly stated in the measurement model.
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Since classification of inputs and outputs depends on the organizational
structure, it is impossible to construct a general purpose productivity

measurement model for every organizational system.

Prevailing approaches to productivity related topics are inves-
tigated and an iterative productivity improvement procedure is suggesfed.
Briefly, the procedure includes measuremeht and analysis of productivity,
generation of productivity improvement projects and a decision concerning

the project to be implemented for productivity improvement.

This thesis covers application of the first step of produc?ivity
improvement procedure to an existing company. Construction of the
productivity measurement model and the analytical framework for
productivity analysis was performed in a systematic manner. It was
stated that, profitability is a function of price recovery and
prodUctivity. In addition to productivity measures, -price recovery
and profitability measures of the unft of analysis werera1so provided
by the same measurement model. But analysis was focused only on

productivity measures.

Lack of an effective management information system was onee.\
of the main obstacles. throughout this study:of:past data. It caused
exclusion of some factors from the analysis and disabled construction

of a product-oriented measurement model. Data base of the model was
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constructed by the ease of a table handling package. Productivity
measurement formulas were adopted to perform the calculations on the

data base by the same package.

This enables automatic information £low from the Towest to highest
levels of the model. It was interesting to observe the above mentioned
self control facilities and the sensitivity of high level results due

to changes in low levels of this hierarchical structure.

Main theoretical issues of this study are productivity weights
defined on the productivity matrix in order to help in ana]yéing the
dominant factors of productivity and relative sensitivities defined
in order to point out the potential factors of productivity
improvement. It was found out that, dominant factors do not loose
their dominance in shorf term (as copTd be expected) and are the

potential factors of productivity improvement at the same time.

Estimation possibi]ﬁties of tota]lproductivities of products with
the same data of an aggregate measurement model were investigated.
Fortunate1y, it is possibie to estimate total productivities of
products by an aggregate measurement model in certain conditions.
Importance of this fact can'easi1ybbe understood=by comparing data
volumes of product-oriehted models with that of'aggregate models.
Further investigation of estimation poSsibi]ities of total produtti-

v?ties of products by aggregate models is suggested for the forth

- comings.




The factors amount of which are not directly related to the

operations were not included in the model and the model was bounded

by type and class categories of data for simplification purposes.

But, it is.possible to extend the analysis to level categofy data

end include the unoperational factors in the model. Covering a similar
data, income statements are good references for model validation. It

should be obvious at this point that productivity measurement systems

make use of the same data in a more illustrative way than the classical

managerial control ratios.

Finally, productivity measurement and analysis applications
will gradually increase and a sound theory of productivity will be

developed. This study should be treated succesfull if it contains

any useful material for the future.
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