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ABSTRACT

Organizations have control systems for behaviors, costs, prices,
information, decisions, financial performance, production, quality and
so forth. We can classify them with respect oflthe type of "organizational
system performance" they'aré attempting to control or manage. Productivity
being an important component of organizational system performance
measures, although much attention has:been paid to productivity, is still

one of the most confusing concepts of the management area.

This thesis éovers a systematic approach for productivity
measurement, evaluation and improvement ; aﬁalyzing profitability as a
function of productivity and price recovery. Selected methodology for
productivity meaéurement.is tested on an existing company in the Glass

Industry.

 An interactive package is designéd as a Decision Support System
for managers who are not accustomed to use computers, and they are-

allowed to make scenerio analysis for future applicationms.



0ZET

Organizasyonlar; maliyetler, fiatlar, kararlar, davranislar, tire-
Atim, kalite ve finansal performans iginikohtrol sistemleri kurarlar. Bun;
lara "orgénizasyonal sistem performans Slgﬁmleri"'denir. iretkenlik bu
organizasyonal sistem performans Slciimlerinin nemli bir birimidir ve
tasidlgi dneme ragmen isletme konularinda karis;k_birAkavram élarak,kal—

. mistir,

Bu tez iiretkenlik &lciimii, degerlendirmesi ve gelistifmesi konusun~
da; karlilik, tiretkenlik ve fiat artisi iliskisi kurarak sistematik bir

yaklasim izlemistir. Segilen method Cam Endiistrisinde uygulanmistir.

‘ Etkilesimli bir paket program, ydmeticiler icin karar destek sis-
temi olarak hazirlammistir. Yéneticiler bu paket yardimi ile gelecek dd-

nemler ic¢in senaryo analizleri yapabileceklerdir.
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I. INTRODUCTION

1.1, Basic Concepts and Definitions

Organizations have control systems for behaviors, costs, prices,
information, decisioné, financial performance, production, quality and so
forth. We can classify control systems with respect to the resource they
are supposed to manage (eg._financial control systems, production control
systems, and behavioral control systems) or we can clasify them with
respect to the type of "organizational system'performance" they are
attempting to control or mahage. In general, there are at least seven

distinct "organizational system performance" measures:
. Effectiveness
. Efficiency

. Quality

. Productivity

1
2
3
4, Profitability
5 .
6. Quality of Work life
7

. Innovation

Let's now examine each of these measures in more detail.

Effectiveness: It is the degree to which the "right" things are
completed. The following criteria need to be used to evaluate the degree

of effectiveness.



1. Quality: Did we do the "right" things according to predetermined
specifications? —
2. Quantity: Did we get all of the "right" things done?

3. Timeliness: Did we get the "right" things done on time?

The goals, objectives, activities are set and we work toward them.
To measure effectiveness, we compare what we intended to accomplish
against what we actually accomplished. Effectiveness is therefore an

"output" or "accomplishment" issue.

Efficiency: It is the degrée to which the system utilized the

"right" things. Efficiency can be represented by the following equation:

Resources expected to be consumed
Resources actually consumed

We utilize budgets, standards, estimates, forecasts, projections
and so forth to develop quantitative expressions for the numerator, and
accounting systems, records, estimates and so forth to develop quantitative
expressions for the denominator of the eduation. Efficiencey is thereforé'
a measure of organizational system's performance that is related:to the

input side.

Quality: It is the degree to which the system conforms to require-
ments, specifications, or expectations. Key-quality related questions .
are: Was the product built or delivered the way. it was intended or
required? Is the customer satisfied with the good and/or service? Will

. the good or service do what it was intended to do? and so forth.

Profitability: It is the relationship between total revenues-and

total costs. o : : v

Quality of Work Life: It is the way participants in a system

respond to sociotechnical aspects of that system. People's psychological
reactions to working in an organization are the factors affecting

performance.



Innovation: It can be defined as applied creativity. It is the
process by which we come up with new, better, more functional products
and services. An organization that does not innovate in product, service

and process will likely not be able to compete for the long run.

Productivity: It is a relationship between quantities of output

produced by a given organizational system and quantities of inputs
utilized by that organizational system to produce those same outputs.

Productivity ='9%%§§%§

Input variable is any controlable factor or resource eg. materials

energy, capital, labor.

Output variable is any controlable factor or resource that result

from a transformation of the input variable (Fig,l.l).

Productivity is connected with the other organizational system
performance measures. All these seven measures are highly interrelated

with each other.

The next step is to analyze what pfoductivity is.: Productivity -
appears to be a concept capturizing the attention of managers in all
types of organizations and at all levels within those organizations.
However it is still a-very confused term. Following questions will help

to define productivityg

- Is productivity equal to performance?
No, productivity is not equal to performance, it is a component of

a performance measure.

- Can productivity be measured in all organizations?
Yes, in both service and manufacturing industries productivity can

be measured, usually with considerable success.



- Is productivity a critical component of the organizational systems

performance?

If the answer is "yes" to the following questions, then productivity

is a critical component.

(1) Would productivity relationships give you new insights into
the performance of your organization? '
(2) Could productivity relationships improve the diagnostic face

of management and help to see where management interventions

are required?

Inputs such asj labor, materials, energy, capital and other are
transformed into outputs; goods and services. Productivity is the rela-
tZonship between outputs and inputs. In otherwords, productivity measures

eifectiveness in the numerator, and efficiency in the denominator.

_——->J Transformations ! -
Inputs: | | Qutputs:

Labor ’
Capital

e equipment

» {acilities

e etfc.
Energy .
Materials
Data

Productivity

[
1

Figure 1.1. General Productivity Concept

Quality of work Ife and
innovation are pervasive criteria
influencing performance in many ways
\ influencing perfo y ways  ,

8. Paths
> - Efficiency
A. Goals
. : Are we doing
Effectiveness things right? 1 - Productivity
Are we doing
the right . Quality
things? .
Is there consensus .
about this? slnputs -
- - e Transformations - Profitability
¢ Qutputs ‘
« Outcomes

Figure 1.2. Interrelationships of Seven Performance Criteria
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Productiviy increase or decrease makes significant effects on
prices, market and sales power, profitability, and people. The following

figure gives the effects of increasing and decreasing productivity.

Consequences of

0 Eftects of
declining productivity

increasing groductivity

Productivity Further productivity
decrease increase
Positive etfects on
Cost per unit o Capital e Materials e People
increase
Less )
competitive Market  Sales e Profitability
increase
Market & sales
decline
More
comgetitive
Profitability
.declines
Cost per uﬁit
decrease
Negative effects on '
o Capital " o Materials e Peopie
Productivity
Further productivity increase

decrease

Figure 1.3. Effects of Increasing and Deéreasing Productivity

In general there are two basic categories of pure productivity

measures:

a) Static Productivity Ratios - simply a measure of output divided

: . . 3 o
by input for a given period of time, in other words it is a "snapshot"

of a particular period of time.

b) Dynamic Productivity Ratios — a measure of a given static
productivity ratio at one point in time divided by the same ratio at
some previous period in time. A dimensionless index is obtained which

reflects the change in productivity from one period to the next.



There are: also three types of productivity measures within each

category:

a) Partial factor measure - only one class of input is captured

b) Multi factor measure - more than one class of input is captured

c) Total factor measure — all classes of inputs are captured

TABLE 1.1. Examples of Productivity Measures

TOTAL Total outputs All Goods and Services Produced
Total inputs ’ All Resources Utilized.
MULTT Output Output
Labor, Materials, Energy 2 Labor, Materials, Capital
PARTIAL | Qutput Out?ut , Output OutPut
Labor >  Materials Energy *> Capital

Once a productivity measurement system is developed, the system

can be operationalized and standards can be generated. That is the ratios

‘and/or indexes can be implemented.

Standards can be generated by using the following methods:

I. Economic, accounting based, absolute measurement systems

a. Estimation

b. Engineering Approach

c. Comparison; previous period or historical

TII. Normative, participative, relative measurement systems (NPMM)

Actual performance is evaluated against standards and appropriate

management actions range from doing nothing to immediate intervention

are set in motion.
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NPMM is an action-research, involvement-participative, organizational,
development oriented approach to productivity measurement. The comments,
assumptions, premises or statements laid much of the foundation for the
research of NPMM. Nominal Group Technique (NGT)vis a kind of NPMM which
is a special-purpose téchnique useful for situations where individual
judgements must be tapped and combined to arrive at decisions that cannot
be reached by one petsoﬁ. Since NGT is not itself a program but a parti-
cipative data collection and consensus—-forming device, it can be an
important companent of participative, group-oriented programs. It is
because of its participétive character, appropriate primarily for smaller
units of analysis, such as the work group and the department. If sampled
representation, delﬁhi technique, coupling of the various measurement
systems were used, these approaches could alsb;be utilized for larger
units of analysis ég. Many organizations substitute other performance
attributes for actual output and input measures. These substitutes are
.called "surrogate measures" (sales/operating costsSProfitability, Earned
Hours/Actual HoursZEfficiency, Jobs Completéd/Jobs Scheduled=Effectiveness) .
Advantages of NPMM are shared commitment, understanding, higher probability

of successful-implémentation and positive behavior change.

The economic, accounting-based, absolute measurement systems are
based on the premise thet profitability is a function of productivity and
price recovery, that is an organization can generate profit growth from

productivity improvement and/or price recovery.

Two famous approaches 'in that area are Sumanth's Total Productivity
Factbr (TPF) and Sink's Multifactor productivity measurement model,(MFPhﬂi)f
Sumanth measures productivity for each type of input\and output, whereas
sink measures productivity £0r.each:type'of‘input as an aggregation of

outputs.



Ratio of Output Quantity x Ratio of Output Price = Ratio of Revenue
n o

L ole, . . .
i1 [él perlod2 Py perlodz_] TRperlod2
= x _— = . _T_R____
P> [é. . Pi periodl:] , period1
i=1 i perlod1

n .

z . . . . : .
121 Iél Pgrlod2 pl perlodz:] TCperl.od2
n X T = T
5 |q. Pi periodl:] period1
i=1 i period1 ' ;

I - m

Ratio of Costs

Ratio of Resource Quantity x Ratio of Resource Costs

Column 1 X Column 2 - Column 3

[

"Productivity" ‘ X "price ;ecovery" " "Profitability"

Figure 1.5. Productivity, Price Recovery, Profitability Relationship

~ Changes infproductzvity‘consist of at least two distinct and often
controllable factors: changes in capacity utilization, changes in
efficiency (reflects a combination of factors such as product mix,
employee satisfaction, sales volume, quality of raw material). Changes
in price recovery are largely a function of the market place (uncontroll-
able element of the organization's performance). An organization can be

profitable, without being productive, but not over a long term.

Revenues and costs do not always present a complete picture because
of underlying complex relationships between controllable and uncontroll-

able factors. The net profit figure alone.is an inadequate basis for
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judgement as to whether industrial opérations are being carried out
efficiently and labor and materials utilized effectively. With essentially
the same basic accounting information used to calculate revenues and

costs, however it is possible to use the MFPMM to gain additional and
significantly more detailed insight into what is driving profits. If

other factors_are held constant, namely prices and costs, a positive

change in the productivity index will cause or tranmslate into a positive
change in profits. Similarly if quaﬁtities are held constanﬁ and price
recovery index is positive (output prices increase at a faster rate than

resource costs), then profits, at least in' the short run, will be positive.

After "obtaining output and input quantities and prices for class-

type-level categories either by estimation or actual data MFPMM will be

used.

‘ By engineering and estimation approaches, total faﬁtor, partial
factor and multi factor productivity can also be measured total sales
and total expenses for several time periods in the past are used as
estimates of (total) output and (total) input values respectively by
Vusing regression or time series analysis methods. Linear programming is
another method used in the estimation of optimal (total) output and

(total) inputs values.

MFPMM provides following advantages:

1. Obtains an overall, integfated measure of productivity for the
firm -

2. Provides an analytical audit of the past performance

3. Provides budget control of current performance v

4. Assesses and evaluates bottomr-line impact on profitability, as
a result of productivity shifts.

5. Tracks the results of specific productivity improvement efforts,
such as quality criclés, quality coﬁtrol, incentive systems,
technological innovation

6. -Provides common price financial statements

7. Assists with setting prodqéélvity objectives andvgeneral

strategic planning with regard to capacity utilization,
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marketing efforts, cost management, staffing, quality management,

pricing strategies.

- Incase of product variety and multiplicity of various resources
utilized, TL (money value) is a convenient common denominator, eg. person?
hours cannot be combined with tons of sand, TL of capital, kilowatthours
of eleqtricity and so forth for a resource total. However, TL in the
current ecomomic period is a variable standard. Therefore a "revaluing",
"devaluing" or "indexing" mechanism is required. The MFPMM selects a base
period for the model and "automatiéally" indexing prices and costs back
to that period. The analysis simply partials out or removes the influence
in price and cost changes from the base period to the current period. Wheh
these two values are compéred for the base period, we establish a
productivity ratio. An organization's financial performance is a result
of interactions of a wide variety of controllable and uncontrollable

factors.

Typical uncontrollable factors are:

a. Economic environment ‘

b. Industry/Market growth or decline

6. Resource prices (costs) in an inflationary period
d. Budget allocation

e. Organizational processes and procedures

" Typical controllable factors are:

a. Technological innovation

b. Resource substitutions.

c. Tfaining and motivation of employees
d. Resource quality

e. Asset redeployment

The MFPMM makes it possible to measure explicitly in terms of TL,
the profit impacts of the uncontrollable as well as controllable factors
and to determine and analyze how various managerial strategies could
increase or decrease profitability,VWith its relationship to productivity

and price recovery. It is in contrast to NPMM, consultative, significantly
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less involvement, participative oriented database/accounting system
oriented (primary source of data is not people but system documentation),
top—down as opposed to bottom~up in character. More restrictive interms

of operationalizations of the definitions of productivity. Diagnostic

in a passive, absolute and objective sense, providing & highly developed

DSS. Each approach; NPMM and MFPMM has its own individual benefits, costs
and risks.

1.2, Prevailing Approaches’

‘Prevailing approaches to productivity can be categorized as

"follows:

I. Economic, Accounting Based, Absolute Measurement Systems

a. Estimation: Regression or time series analysis are used to
estimate output and input values to provide a basis for partial factor,

multi-factor and total factor productivity measurement. Sumanth, Yévuz(17)(*2

b. Engineered Approach: Linear programming is used to estimate

optimal output and inpdt values to provide a basis for partial factor,
multi-factor and total factor productivity measurement. Econometric
models are also used to.estimgte output and input values to be used as'a
basis of productivity measurement techniques Sumanth, Yavuz(18), Dogra-
mac1(3,4). V

By Productivity-Cost-Profitability Model: Three levels of
measurement are integrated the network of productivity relationships,

the structure of cost relationships and the managerial control ratios.

c. Comparison, Previous Period or Historical: Actual output and

input values for different periods are used for comparison purposes, by

calculating partial factor, multi-factor and total factor productivity

(*) Numbers enclosed in brackets refer to the references at the end.
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values. Sink(8), Miller(7) MFPMM and Sumanth(16), Craig(2), Taylor(21)

Total and partial factor productivity measurement model.

II. Normative, Participative, Relative Measurement Systems

Nominal Group Technique (NGT) is a participative data collection
and consensﬁSfforming technique, where individual judgements must be
tapped and combined to arrive at decisions that cannot be reached by one
person, Sink(12). In the place of (normal actual output and input
measures other performance attributes are substituted. It is called
"surrogate measures" Stewart(lﬁ). By sampled representation or delphi
‘technique these approaches can be used for larger units of analysis,
Sink(13).
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IT. THEORETICA‘L ISSUES

2.1, Productivity Measurement Using a Product-Oriented Total Factor Model

Sumanth (1979, 1984) has developed a total productivity model
based on work done by Kendrich and Creamer (1965), Craig and Harris (1973)
and Hinesj(1976). This model relates toté} outputs and inputs,
incorporating product orientation (Fig.2.l.1). The actual computations in
Sumanth's model are quite similar to Sink's MFPMM calculationms.
Product1v1ty indexes are calculated by product and then a weighted total
is made for each product (Flg.Z 1. 2). All MFPMM results by product are
then combined to prov1de a flrm—level evaluatlon of total factor

productivity (Flg.2 1.3).

=}

Sumanth's TPF = I (W Wy )PPl —> measures productivity for each
i=1 - type of output and input

' Input, : .
i=product types; domestic, exports, etc.
j=input types; labor, materials, etc.

Vi T Total Inputs
Input]._j
W, .S ————
1] Inputi

Outputi

PP. .= ——
1] Iuputij

Sink's TPF = w, . PP.=> measures productivity for each type of
‘ J input as an aggregation of outputs.

Input. . '
w. = J PP. = Total Outputs‘

j  Total Inputs 3 Inputj
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Sunanth also develops a break-even concept of total productivity.
He relates profits to productivity in an analogous fashion similar to the
MFPMM does when it calculates effects on profits. For detailed formulas

about Sumanth's TPF refer to Appendix A.

Firm F
g
“ 3! Product 1 Ou =
I o
Y > Product2 |—'
’!I OJI .
IF, R Product 3 > OF,
I lil On l
| P~ Product i > |
| ]

' |
| o, _| B
l R ot TP,,'= 'i - ) ‘
l [ - . I

1 .
| / ! o,
l alid P Product N, - > }
| |
| |
} ]
OF
L TPF,= 1?' <——
t

[N

Figure 2.1.1. Total Productivity Model (TPM) for a firm and its
individual products in time period t. :
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2.2. Multifactor Productivity Measurement Model

Figure 2.1.2. depicts the format for the MFPMM. The easiest way to
describe the model is to work through the format, moving from left to

~right from column 1 to column 19.

Column 1-6

The first 6 columns of MFPMM are input data, Column 1 represents
quantities of outputs the organizational system produced (not sold) and
quantities of input resources consumed in order to produce those outputs
for period 1 (base period). Base period isbthe period that normal
operating conditions are achieved for an organization. In otherwards
base period is a representative period in time against which a current
period performance is compared. Another parameter to be determined prior
to application of this model is the length of the analysis period.
Depending on decision-maker needs and interests, data availability,
product cycle time, and so forth, the length might be. almost ahy period
of time (weekly, monthly, quarterly, semiannually, annually). When
determining the length of period, data collection requirements should be
kept in mind. The goal is to match outputs produced during a given period

to the input resources utilized during the same period in time.

So Column 1: Represent quantities of outputs produced during the
base period and quantitiés of inputs utilized to produce those outputs
during the same baéevperiod. The categorization of outputs and ihputs by
class~type-level hierarchy is a decision that can be made by the analyst
‘or the decision maker(s) or the user(s) of the model. Since the model is
computerized, it can handle, depending on how it is programmed, almost

any number of rows.

Column 2: Représents the unit price for outputs and unit cost for
inputs during period 1 (base period). Since the analyst or the user of
the model can define the unit of measurement to be utilized for each output
and input, the unit price and cost is also controllable. For instance,

labor cost can reflect base salary, or wage rate plus bonuses or benefit
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calculation. The only requirement is that unit cost remain consistent

with the units of quantity.

Column 3: Reflects the value (quantity x price) for each row
element (outputs and inputs). In otherwords Column 3 shows revenues for
outputs and costs for inputs. Column 3 is calculated automatically in

the programmedvversion of this model.

Columns 4-6: are the same as Column 1-3, except that the data
inputted is for period 2 (current period). Column 4 represents quantities
of outputs produced, and quantities of input resources consumed producing

those outputs in period 2.

Columns 5: represents the unit price for outputs and unit cost for

inputs during period 2.
Column 6 is simply column 4 x Colﬁmn 5.

Columns 7-9
The next 3 columns in the MFPMM are titled as "Weighted Change
Ratios". The following indexing methods are generally used to calculate

"Weighted Change Ratios".

1. Laspeyrex IndeXi Uses base year prices as.weight.
2. Paasche Index : Uses currentyear prices as weight.
3. Edgéworth Index: Uses arithmetic means of the base and current
year prices as weight _
.4, Fabricent Index:'Usesbgeometric means of the base and current

year prices as weight.

Sink in his MFPMM Lmilizes Laspeyres Index in the calculation
of price weighted quantity changes and Paasche Index in the calculation of
quantity weighted price changes. Refer to Appendix B for the detailed

information of Laspeyres and Paasche Indexes.
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The basic purpose of designing columns 7-9 and formulas are as
follows:

Column 7: Price weighted and base period price indexed ratios in
quantities. The effect of prices are hold constant and price weighted
changes in quantities of outputs and inputs are calculated through the

rows considering all output and input class—type-level (categorization)

items.

n Mg

Quantityt2 p3 Pricetl

i=1

Column 7 =

Quantityt1 X Price
1 f1

t™MpB

i

Down' through column 7, each row element quantities of output/
input type i for period 2 will be multiplied by the unit pfice/unit cost
of the same output/input type i of period 1. Siﬁilarly quantitiy‘of,
output/input type i of period 1 will be multiplied by the unit price/unit
cost of the same output/input type of period 1. The former multiplication
result will then be divided to the latter one. Summation for each output
categorization will be calculated for the/row:indicaﬁing total outputs
and similar to that summation of each input class—type-level categoraziton
will be calculated for the rows iﬁdigating total raw ﬁaterials, total

labor, total emergy, total capital etc.

If the calculated figure is less than 1, it indicates a decrease
in the quantity of the output/input type i while the effects of prices

are held_éonstant, when the current period is. compared to the base period.

eg. If 0,95 is the price-weighted base period price indexed change
of output A, it means 5 per cent decrease is observed v
in the quantities of output A, when the effect of prices are partialed

out, comparing current period to base period.

If the figure is greater than 1, it indicates an increase in the
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quan;ity of the output/input item while the effects of prices. are held
constant.

.eg. If 1.20 is the index of output B, it means 20 per cent increase
is observed in the quantities of output B, when the effects of prices are

partialed out, comparing current period to base period.

Column 8: Quantlty-welghted and current period quantity indexed
ratlos in unit prices and unit costs. Column 8 partials out or holds
constant the changes in quantities of outputs andinputs, just examines

the changes in unit prices and unit costs from base period to current

period.

I~ P

Quantity ¢ X pricet
. _i=1 ’ 2 ' 2
Column 8 = .

e

Quantity t, x price
i=1 2 £1

Down through column 8, each row element quantity of output/input
type i of period 2 will be multiplied‘by the unit price/unit cost of the
same output/input type i of period 2. Similérly, quantity of output/input
type 1 of period 2 will be multiplied by the uhit price/unit cost bf the
same oﬁtput/input type i of period 1. The former mu_ltiplication result
will then be divided to the latter one. Summation of each output/input
‘categorization items will be calculated for the rows indicating total

outputs, total materials, total labor, total emergy, total capital, etc.

If the calculated figure is less than 1, it indicates a decrease
in the unit price/unit cost of output/input type i, while the effects of
changes in quantities are held constant, when the current period is

compared to the base period.

eg. 1f 0,80 is the quantity-weighted and current period indexed
change by output A, it means 20 per cent decrease is observed in the

unit price of output A, when the changes in quantities-are partialed
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out, comparing current period to base period. .

If the figure is greater than 1, it indicates an increase in the

unit price/unit cost of output/input type i, while the effects of changes

in quantities are partialed out.

eg. If 1.30 is the quantity weighted and current petriod indexed
change of output B, it means 30 per cent increase is observed in the

unit price of output B.

Column 9: Examines the simultaneous impact of ratios in price and
quantity from period 1 to period 2 (from base period to current period).
% Quantityt X price t
i=1 2 2

Column 9 =

=

X Quantityt X price c
i=1 1 - h

Down through column 9, each row element quantity of output/input
type i of period 2 will be muitiplied by the unit price/uﬁit cost of the
same output/input type i of périod 2. Similarly, quantity of output/input
type i of period 1 will be multiplied by the unit price/unit cost of the
same output/input type i of period 1. The former multiplication resultr
will then be divided to the 1atter,oné¢ Sumnmation for each output/input
items (i=1,...,n) will be calculated for the rows indicating total oﬁtputs,
’total materials, tdtél labor, total energy, total capital etc. If the
calculated value'is less than 1, it indicates a decrease in the value
(price x quantity) of output/input type i, when the current period is
compared to the base period. If the calculated value is greater tham 1,
it indicates an increase in the value of output/input type i?compariné

period 25to period 1.

Columns 10-11

Columns 10 and 11 are labeled as "Cost/Revenue" ratios. They indi-

cate the ratio of input row elements for Columns 3 and -6 to total output

row elements for columns 3 and 6. Column 10 is the cost/revenue ratio for
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period 1 (base period), and column 11 is for‘period 2 (current period).

The purpose of these two columns is not to provide new information
but to integrate this information into the MFPMM, so as to provide a
manager with insights as to where leverage exists. The manager can make

productivity improvement decisions interms of cost reduction.

Input elements, Columns 3
0= 2
Column 1 Total outputs, Column 3

- Down through column 10, input element quantitiy of i class, j type,
k level of period 1 will be multiplied by the unit cost of the same
input element (class-type-level). In otherwords. the cost of each input

element will be divided by total revenues, for period 1.

Input elements, columm 6

Column 11 = == outputs, column 6

Down through column 11, input element quantity of i class, j level,
k type of period 2 W111 be multlplled by the unit cost of the same input

element, for perlod 2.

eg. If 0,10 is the Cost/Revenue ratio of iabor costs for period 1
and 0.20 is the Cost/Revenue ratio of .labor costs for period 2, it shows
that 10 per cenmt of total revenues is labor costs for the base period,
and an increase is observed in the labor costs for the current period

(labor costs increased to 20 per cent of total revenues).

Columns 12-13

Columns 12 and 13 are labeled as "productivity Ratios", Column 12
‘reflects the output—to-input ratios for period 1, while column 13 reflects

" the output—to-input ratios for period 2.

Total outputs, Colummn 3
Input elements, Column 3

Column 12 =
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Column 13 = Base period price weighted value for total outputs
Base = period unit cost weighted value for each
input element

Column 12 is the division of the value of total outputs for period
1 (Column 3), to the value of input elements i class, j type, k level for
period 1 (column 3). Therefore productivity ratio (static) for each input

element (class-type-level) will be calculated for period 1.

Column 13 gives productivity ratio (static), again for each input
element for period 2, while effects of unit prices and gnit costs are
partialed out. Quantity of outputs for type i of period 1 is multiplied
by the unit price of the same type of output for period 1. Each input
element (i class, j type, k level) quantity for period 2 is multiplied
by the unit cost of the same type input element for period 1. The former
multiplication is divided by the latter ome, in order to obtain
vproductivity ratio for period 1 considering base period price weighted

values for outputs and inputs.

eg. If labor productivity index is 28.18 for period 1 and 37,75
for period 2, it indicates that output-to-inputs ratio is increased in the

current period compared to base period.

‘Columns 14-16

Columns 14,15 and 16 are titled as "Weighted- Performance Indexes"

(dynamic). Column 15 shows quantity-weighted price recovery indexes and
column 16 indicates profitability indexes. Column 14~16 calculate and

depict dynamic performance indexes. Fig.2.3 shows what MFPMM is doing.

The above figure indicates formulas and development of dynamic
productivity indexes. A snapéhot of the organizational system's partial,
multi and even total static productivity ratio is developed for period 2.
An equivalent snapshot of the organizational system's productivity ratio
is also developed for period 1. Then the productivity ratic for period 2
is divided by the productivity ratios for period 1, and this calculation

is shown in Column 14 of the MFPMM.
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Column 14 = Solumn 7, for total outputs
Column 7, for each individual
input element

Down through column 14, price weighted and base period price
indexed changes in the quantity of total outputs is divided by the base

period price indexed changes in the quantity of each input element.

Column 7 for total outputs _ 1.27

Column 7 for total labor  0.95 1.34, means that the

eg.

quantity of total outputs increased by 27 per cent, when the current
period is compared to the base period, holding the effects of prices
constant. Quantity of total labor, holding labor costs comstant, is
decreased by 5 per cent. As a conclusion the labor productivity is

increased by 34 7.

Column 7 for total outputs _ 1.27

or if Column 7 for total materials 1.36

= 0.93, means that the

quantity of total material, when the material costs are partialed
out is increased by 36 per cent. As a conclusion material productivity

is decreased by 7 per cent.

Column 8, for total outputs

Column 15 = Column 8, for each individual input element

Down through column 15, quantity weighted and current period
indexed changes in unit prices for total outputs is divided by the '
current period quantity indexed changes in the unit costs of each input
element. This column reflects rate of price increases in relation to the
rate of cost increase. In othef words it reflects the degree to which
the organizational system was able to increase its price in relation to

elemental input costs.

Column 8 for total outputs _1.15
Column 8 for total labor 1.10

eg. If: = 1.045
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The costs of total labor, when the quantities are partialed out
comparing period 2 to period 1 are increasgd'by 10 7 and the prices of
total outputs are increased by 15 per cent. As a conclusion prices of
total outputs is increased by 5 per cent faster than the increase in the

costs of total labor, in other words price recovery for total labor was

up 5 per cent.

Co' .A.v . . R
lumn 8 for total eutputs - _ 1.15 0.67

or if, Column 8 for total materials 1.70

The costs of total materials, when the quantities are held
constant are increased by 70 per cent. Costs for total materials are
increased by 33 per cent faster than the management was able to raise
the priceé of outputs, in otherwords price recovery fell off by 33

per cent.

Column 9, for total outpﬁts

Colum 16 = Column 9, for each individual input element

Down through column 16 the simultaneous impact of changes in
prices and quantity from period 1 to period 2 of total outputs is divided
by the simultaneous impact of changes in price and quantity for each

individual input element,

Column 9, for total outputs _ 1.46
Column 9, for total labor  1.075

eg.

= 1.36

The value of outputs is increased by 46 per cent, also the
value of total labor is increased by 7,5 per cent. As a conclusion labor
contributed by 36 per cent increase to profitability.

" Column 9, for total outputs _ 1.46
or i

> Column 9, for total materials T 7.298 0.64

The value of total materials, comparing period 2 to period 1 is
increased by 129.8 per cent. As a conclusion, total materials declined

profitability by 36 per cent.
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Columns 17-19

Columns 17,18 and 19 reflect the TL equivalence of corresponding
cells in columns 14, 15 and 16. In otherwords, these columns indicate
what impact an increase in productivity, or price recovery has on profits.

The total impact on profits from productivity and price recovery is

indicated in column 19.

Column 3, for each Column 7, for| _ [Column 7 for
individual input total outputs each indivi-
’ dual input

Column 17 =

The difference between the base period price weighted changes in
the total outputs and the base period price weighted changes in each
individual input element, is multiplied by the value for each individual

input element of period 1.

eg. If Column 17 = 6400(1.27-0.95) = 2065 TL
(for total labor)

Labor productivity contributed to profits by 2065 TL, from peribd,l
to period 2. ' ' ‘

Column 18 = Column 19 — Column 17

Column 18 indicates the effect of‘price recovery on profits.

‘ Columg 3.f9r Column 9, for C°1um? 9.f9r
Column 19 = each indivi- total outputs g each indivi-
dual input P dual input

eg. If Column 19 = 6400(1.46-1.045) = 2679 TL
(fo: total labor) ‘

Labor contributed positively to profits between period 1 and
period 2, by means of 2679 TL. 2065 TL came from productivity gains and
613 TL came from price recovery gains. A minus value in TL value of
price recovery section reflects the drain on profits caused by an

inability to recover rising costs from period 1 to period 2.



This section of the MFPMM allows the user to make sensitivity
analysis. How much a percentage increase in productivity will make an

increase in profitability, and what is its total TL effect on profits.

The description of the MFPMM is compliied by 19 columns. It is a
relatively simple model and yet it has tremendous potential as an integ-
rative decision support system. Like any decision support system, the
model itself is a critical but rather minor component of an application.
Integrating the model into an existing control system, collecting the
Adata, getting management to accept and feel -comfortable with the

system actually play a more critical roie.

For detailed information about formulas refer to Appendix C, and

for capital section in MFPMM refer to Appéndix D,
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TII. APPLICATION

3.1. Description of the Company

MFPMM is applied to a Glass Manufacturing Company. Since it is a
capital intensive production system, capital costs as a part of inmput

class—-type-level categorization carry essential importance.

Outputs are d1v1ded 1nto two main classes; domestic and exports.
Domestic production is also divided into two (sub—classes) types;
construction and manufacturing. Demand for outputs is generally
seasonal; 3 mm, 4 mm, 5 mm and 6 mm are the thicknesses of glass that are
generally produced Accounting records of the firm are kept as TL/ton on
monthly basis for output prices, w1thout con31der1ng the differences in
thicknesses, as well as mg prices for each thickness. As far as the
ease in thekapplicatiopAof the model and the interview made by the
assistant genefal.manager of the firm are considered, prices will be
calculated as TL/ton on ﬁnnthly basis without taking into comsideration -

the thickness variation of glasses produced.

Inputs are divided into four main classes; labor, material, energy

and capital. Each class is also divided into types and levels.

3.2. Productivity Measufement'System‘for'A'Glass Mahufacturing Company

The critical decisions to be made before starting a productivity

measurement study are as follows:
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1. Thinking productivity and performance are synonymous, and

‘therefore viewing productivity measurement as being a larger and more

complex task.

2. Matching outputs with the corresponding inputs. Outputs and

inputs will be categorized by class-type—level hiearchy.

3. Understanding how to use indexed prices and costs as a

weighting and aggregating device in the productivity ratios and indexes.

4. Being unwilling to accept precise definitions of productivity,

thus causing ambiguity in the measurement process.

Organizations should have a strategic plan for measuring
productivity. Productivity measurement strategies are characterized by

the following parameters:

1. Planning horizon
2. Desired outcomes
3. Scope

4. Development plans and procedures.

Those parameters focus on how the organizational system will
design, develop, implement and maintain a productivity measurement

system.

Planning horizon does mnot only mean the length of the plamning
>process itself, it also means the length of time that‘needs'to reach

some stage of accomplishment of the prqject.

Desired outcomes are as follows:

1. To end up with a productivity measurement system that

accurately 1dent1f1es areas for product1v1ty improvement, -

2. To end up with a product1v1ty measurement system that is well

understood and accepted by the users of the model.
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3. To end up with a dynamic, flexible measurement system over time.

4. To end up with a productivity measurement system that is as

simple as possible and cost effective.

The scope of the plan refers essentially to the units of analysis
to be covered by the development of the productivity measurement system.

For instance the scope could be defined as the firm.

The strategic plan will obviously need to contain system development
plans and procedures. This plamning will include the specific measures
such as; how the data will be collected, how the measures will be built
into a decision support system since capacity utilization is a critical
factor for cost reduction, productivity méasuremenet and improvement
becomes also, a critical factor for a Glass Manufacturing Company.
Referring to the introduction and theoretical issues sections of the
thesis, clear definitions of productivity and its integration as a
Critical component of performancé measures are given. It is decided to
design a decision support system based on productivity measurement,

evaluation and improvement for A Glass Manufacturing Company.

In a glass manufacturing company the only output produced.is
glass, the main difference between domestic and exports glass is packaging
costs. Type of production is a continuous flow system. The firm cannot
distribute its total costs. on the types of outputs produced. Therefore
productivity will be calculated for each type of input as an aggregation
of outputs. Database/accountlng source of data is present in the firm.
Finally, maklng sen51t1v1ty analysis for measuring the impact of changes
in productivity and price recovery on profits, carries an essential

importance in a glass manufacturing company.

Therefore, providing all aboVe_méntioned advantages MFPMM will be
used in a glass manufacturing company, as a computerized, dynamic
productivity measurement model, with a software support which will be

used for operatlonal and educational applications.
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IV, MODELLING WITH COMPUTER

4.1. Description of the Spreadsheet Design

Lotus (package program) is used do design "A DSS on
Productivity Measurement Evaluation and Improvement" package. The package
will allow the user to play a "what if" game. Projected period section

will provide data for future applications.

35 columns are designed considering the whole MFPMM (Refer to'Fig.
'4.1.1). The first 9 columns (3x3) are used for data input; quantity,
price and value columns for each base, current and projected periods.
Projected period section will allow the user to forecast thé price index
and cost index for each class-type-level categoraziton of outputs and
. inputs -for a future period. Considering~the'years 1987-1990, a table of
forecasted price and cost indexes for different units of outputs and
inputs are provided taking Turkey's economic conditions into considera-
tion, to the user on the screen. The user will either choose an index
ffom'the.table or he/she will enter his/her own index. Matrix will
automatically calculate the projected period unit price/umit cost by
multiplying the current period unit price/unit cost with the selected
: index. Quantities of the projected peribd will be entered by the user.

Price and cost indexes are given in Table 4.1.

The model calculates weighted Ratios, Cost/Revenue Ratios, Produc-
tivity Ratibs, Weighted Performance Indexes, and TL Effects on Profits

for Base/Current period analysis as well as Base/Projected period analysis
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The following 13 columuns are designed for Base/Current period analysis;-
ratios and indexes and an additional 13 columns are designed for Base/
Projected period analysis. Weighted Change Ratios are made of 3 .columns;
Quantity, price and value, Cost/Revenue Ratios are made of two columns g
period 1 and period 2 (base and current periods for Base/current period
analysis, base and pr&jected periods for Base/Projected périod analysis).
Similarly Productivity Ratios are made of 2 columns; Period 1 and Period
2. Weighted Performance Indexes contain 3 columns‘;‘ Productivity, price
Recovery and Profitability, similarly TL Effects on Profits contain 3
columns; Productivity,.price Recovery and Profitability. Forﬁulas related
to each column are inputted to the spreadsheet (Refer to the theoretical
issues section of the thesis for detailed information on formulas). Rows

of the spreadsheet indicate input-output class-type-level categorization.

The major aim in designing the package is to make it userfriend.
Therefore macro keywords of lotus is used in order to generate menués; |
and to design an interactive package. 35 columns designed generates the
main file, also 23 columns are designed for macrokeywords. Data file;
1985, 1986 is also designed in anothér_lotus file. All macrokeywords
(menu items) are commected tolletter A. When (Alt) and (A) are pfeséed
‘simultaneously, menu iﬁéms‘appear on top of'thé screeﬁ. The following
tree shows the menu items connected each other. For detailed information

about menu items refer to Appendix E. User's Manual Section.

Data Input Results | Graphics

Figure 4.1.2. Initial Menu Items’
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4.2. Evaluation of the MFPMM Applied to Glass Works Industry

January (1986)/January (1985) Analysis

A. Weighted Change Ratios

a) Outputs

Quantity of Domestic goods is increased byr 13 per cent in January
1986, compared to January 1985, and quantity of Exports is decreased by
39 per cent, as a total quanty- of outputs of January 1986 did not éhange,
when compared to January 1985. Price of Domeétic goods is increased by52 per
cent and price of Exports is increased by 53 per cent, as a total price
of outputs is increased by 52 per cent, when January 1986 is compared V
to January 1985. Value of Démestic goods is increased by 72 per cent, and
value of eprrts is decreased by 6 per cent, as a total value of outputs

is increased by 53 per cent.

b) Inputs

Quantity of total materials is decreased by 1l per cent, quantity
of total labor did not change when January 1986iis compared against
January 1985, quantity of total emergy is decreased by 12 per cent and
quantit& of total capital is increased by 45 per cent, as a total quantity
of inputs is increased by 41 per cent, when January 1986 is compared
against January 1985. Price of total materials is increased by 27 per
cent, price of total labor is increased by 52 per cent, price of total
energy is increase by 67 per cent, and price of capital is decreased
by 2 per cent, as a total inputs' price did not change, when January

1986 is compared to January 1985.

Price of Capital is the cost of capital, the decreasing value of
Cost of capital indicates positive financial leverage, although

liabilities increased, its vaule is decreased by 2 per cent.
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Value of total materials is increased by 14 per cent, value of
total labor is increased by 53 per cent, value of total energy is
_1ncreased by 33 per cent, value of capital is increased by 42 per cent,

and as a total,value of inputs is increased by 41 per cent, when January o

1986 is compared to January 1985.

B. Cost/Revenue Ratios

For January 1985, total materials/Revenue is 0,27, (and) total
labor/Revenue is 0.066, (and) total energy/Revenue is 0.17, whereas

capital is 7.27 times of Revenue.

For January 1986; total materials is 20'per cent of Revenues,
total labor is 6 per cent of Revenues and total energy 16 per cent of

Revenues, and whereas capital is 6.76 times of Revenue,

C. Productivity Ratios (Static)

For January 1985'0utputs—to-tota1 materials ratio is 3.64,
outputs—to-total labor ratio is 15.11, outputs—to—total energy ratio is

5.78, and outputs—to-total capital ratio is 0 13.:
For January 1986 outputs—to-total materials ratio is 3.68, outputs-—

to~total labor ratio is 15.25, outputs—to-total energy ratio is 5.83,

and'outputs—to—total capital ratio is 0.09.

D. Weighted Performance Indexes (Dynamic)

Total materiaié is 12 per cent more productive, total labor; 1.
per cent less productive, total emergy is 14 per cent more productive
total capital is 31 per cent less productive, and as a total, inpuﬁs are
29 per cent less productive when 1986 January is compared to 1985

January.

Prices of tdtal outputs are increased by 19 per cent faster than
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the prices of total materials, prices of totalboutputs;are increased
with the same rate in the prices of total labor, prices of'total energy
are increased by 10 per cent faster than the prices of total outputs,
prices of total outputs are increased by 54 per cent’faster than the
prices of total capital, as a total, the prices of outputs are increased

by 51 per cent faster than the prices of total inmputs.

Total materials increased profitability by 34 per cent, total
labor-declined profitability by 1 per cent, total energy increased.
profitability by 14 7Z, total capital increased profitability by 7 per
cent, as a total, total inputs increased profitability by 5 per cent,

when January 1986 is compared to January 1985.

E. Total Effects on Profits

Total material's productivity contributed to profits by
55.453.398,54 TL, total labor's productivity contributed to profits by
-223.984,60 TL (it is a loss), total emergy 's product1v1ty contributed
to profits by 38.109.034,26 TL., total capital's productivity contributed
. to profits by -5.705.777.783,2 TL and as a total, total inputs produc—
tivity contributed to profits by -370.171.313, 23 TL. '

This conclusion is a result of the maintenance program ofvthe»

furnaces. during the early-months of 1986.

Total ﬁaterial‘s price recovery COntriboted.to.profits by
135.967.200,6 TL, total labor's price recovery eontributed'toiprofits
by 92.213,72 TL, total energy's price racovery contributed to profits
by 23.488.998,75 TL, total cap1ta1 s price recovery contributed to ‘
profits by 7.093.850.965,1 TL and as a total, total 1nputs price recovery
contributed to profits by 478.401. 674 01 TL.

Total materiaiis contribution in profitabilityfis‘by 191,420,599;15
TL, total labor's contribution in profitability is by 4131}770;8 TL (it
' is a loss), total emergy's contribution in profitability is by |
61.598.033,01 TL, as a total, total inputs' contribution in profitability



is by 108.230.360,7 TL, when January 86 is cdmpared with January 85.

For detailed information on input class-type—level items categori-

zation of January (86)/January(85) anelysis Refer to Appendix F.

4.3. Differences and Smllarltles With the M.S.Thesis Prepared by Vedat

- Verter in 1985 in Bogazu;l University of Industrial Englneer:mg

Department

Both of the thesis are concentrated onm a systematic approach of
productivity measurement, evaluation and improvement. Sink's productivity
measurement system, named MFPMM is suggested, by analyzing potential

factors for productivity improvement.

The thesis prepared by Vedat Verter in 1985 in the Department of
Industrial Engineering of Bofazicl University is applied on an existing
wheel producing company. Multiplan of B20 series is used to obtain ratios
and indexes for the comparison of current to Base period. It is not an
interactive design of spreadsheet and the model does not provide-'a
projected period analysis optlon. Weights of input items are calculated
as potential factors for product:.vq.ty improvement. In otherwords the ‘
ratio of each input cost is divided to the total imput costs.Capital is
included in the model as an input item, but only fixed assets are ‘

calculated as quantity and depreciation rates are calculated as prices.

This‘ thesis is applied on an existing Glass Manufacturing Company.
An interactive program is designed using Lotus package on an IBC pc. By
the h'elpb of menu items provided, especially managers who do not know'
using computers will be able to work with the package as a dec:.smn support
. system. The package using MFPMM not only compares current period to the
base perlod but also provides a scenerio analysis option for future
applications. It provides a comparison optlon of projected perlod to the
base period (for detailed information, refer to section 4, l@odelhng with
" computer). Since capital is an important input item in Glass - Works

industry, it is imcluded in the model. Total assets are calculated for
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quantity and cost of capital is calculated for price (for detailed

information, refer to section 2.3.2. Theoretical Issues Capital Section).

This thesis added two sections; named Cost/Revenue ratios and
static productivity ratios to the MFPMM used in Verter's thesis. Cost/
Revenue ratios section is added to provide an insight to managers to make
productivity improvement decisions, in terms of cost reductioh, on the
higher priority input resources. Static productivity ratios section is
also added to_reflect.ohtput—to—input,ratios for both periods; period 1
(base period), period 2 (current or projected period), seperately. Static
productivity ratio of period 2 is calculated by Partialing out the effects
of prices and costs. Therefore this section will give an immediate
insight to managers, how their output-to-input ratios are changed from
period 1 to period 2. The program aléo provides a graphs option by the
help of menu items. Two pie charts as potential factors for productivity
improvement are drawn on the screen if graphs is selected among the menu
items. One is the ratio of each input cost; to the total input costs

and the other is the ratio of each input cost to the total revenues.



- 43 -

V. CONCLUSION

Organizations have control systems, with respect to the resource
they are supposed to manage, or we can classify‘them.with respect to the
type of "organizational system performance" they are attempting to control.
In general there are seven distinct "organizational system performance

measures".

. Effectiveness

Efficiency

Quality
Profitability

Productivity

Quality of Work Life

U < W - T S VOB R
.

. Innovation

‘Productivity is a critical performance-measure for organizational
systems. It is a relationship between quantities of outputs produced by
a given organizational system and quantities of inputs utilized by that
organizational system to produce those same outputs. Once a productivity
measurement system is developed, the. system can be operationalized .and
standards can be generated. Standards can be generated by two methodsé
Normative, participative, relative measurement systems (NPMM), and
Economic, accounting based, absolute measurement systems. Economic,

. accounting based, absolute measurement systems.are based on the premise
that.profitability is a function of produgtivity‘and-price recovery.

. Sink's MFPMM is a model uses this relationship. MFPMM is applied to an
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existing glass manufacturing company considering following advantages:

1. Obtains an overall, integrated measure of productivity for the
firm | | '

2. Provides an analytical audit of the past pérformance

3. Provides budget control by current perfbrmance

4. Assesses and evaluates bottom—-line impact on profitabilitg,.as.
a result of productivity shifts ’

5. Tracks the reéults»of specific productivity improvement efforts,
such as quality circles, quality control, incentive systems | |

6. Provides common price financial statements

7. Assists with setting productivity objectives and general
strategic planning with regard to capacity utilization, marketing efforts,

cost management, staffing, quality management, pricing strategies. .

In case of product variety and multiplicity of various resources
’wﬂﬁ&‘n(mmYmmaisawmmhﬁcmmn@mﬂmwnwaa
TL in the current economlc env1ronment is a variable standard. Therefore
"devaluing", "revaluing" or "indexing" mechanlsm is required. MFPMM '
- selects a base period for the model and automatlcally indexing prices and
costs, partials out or removes the influence in price and cost changes
from the base period to the current period. A detailed output and input
class—type-level categorization is the initial step of MFPMM. Then monthly
data is collected for the analysis. Since glass works industry is a
capital intensive industry, capital is also added to the 1nput items.
Total assets are calculated as the quantity of capital, and cost of

_capital is calculated as the price of capital.

An interactive program is designed on Lotus (a package program) on
lIBM pc, named prodﬁctivity Improveﬁent, Evaluation and Measurement. The. '
'paCkage is designed as a Decision Sﬁpport System that also provides
scenerio analysis option to the user. By projected period analysis_
section, the user not only makes Current period/Base period analysis but.
also prOjecfed'peind/Base period analysis. The main aim of the package

is to make managers get used to the model, even if they  are not accustomed

to use computers.
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Simply, by obeying the commands on the screen, users will be able

to work on the model, make the analysis of their organizational system.

Finally, being a critical but a confused component of Orgaﬁizationai'

system performance measures; productivity measurement and analysis
applications will gradually increase. This study should be treated

successful if it contains any useful material for the future.
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APPENDIX A

Sumanth's TPF Model

n n
z Oi z 0l
_OF _i=1 =~ 1i=1
TF =15 =3 "Ll
r o1, ij H
i=1 -t
Where; OF = Total tangible output of a firm
Oi = Tangible output corresponding to product i
IF = Total tangible input to the firm
Ii = Total tangible input corresponding to product i
m
= L I,,
=t M
j = H,M,C,E,X H = Human - E = Energy
i=1,...,n v M = Material X = Others
n = total number of C = Capital

product manufactured

TPi = Total productivity of product i
' PPi = Partial productivity ofrbroduct i, for-tangible input types
Oi Oi

ek S P

z Iij

3

m
0. 01 =TP. . I IlJ TP, = L Iij = PPlJ . IlJ
PP,, = — => j i
Y I..
= = . —xl
01 PPlJ' IlJ TEy PPij L I.. Vi3
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TP, = W.., x PPij’ for all j

i ij
N
TFF = ,Z WfTP- (by substituting the first expre531on in the second
1i=1 expression) :
N
TPF = I . (W...PP..), 5
i W;(le PPlJ), for all j
N
= ¥ (W,.W.,.) PP,., for all j
i=1
I1 113 -
W; =35 » Wy5 =5 » for all j

. .. I.,
o= =L g 21 1]
WiJ Wi - ¥y IF ¥ Ii 7o for all j
TPF = ¥ W! .PP, = I W! .PP ITW PP, = % Wl .PP._ = I W! .PP‘
) ) M . . , : .
i=1 iH  T1H i=1 M i=1 C iC i=1 iE 1iE | i=1 1X 1X
= 1 ] 1 v o 1
5TPF .E WiH'PPiH + ?WiM'PPiM + ;WiC.PPiC + ?wiE'PPiE + ?WiX'PPiX
: i=1 _ i i i 1
- = 1 v a) ; ' . v :
TPF (? Wi .PPiH + E wiH'PPiM + ?wiC'PPiC + ? wiE’PPiE + ? WiX'PPiX)

Sumanth also develops a breakeven concept of total productivity. He
‘relates profits to productivity in an analogous fashion to- what the MFPMM

does when it calculates effects on profits.

Oi = Qutput in value terms for product i
. = Total Costs associated w1th the productlon of product i
; = Total Profits for product i
Oi =C; + Pi
0. ' C, + P,
TPi =ff% , by definition TPi = 11 1
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L = Working Capital used for product i, expressed in constant
, .

dollars of base period.

»CW

C. =1I.-1.
i 1 "i,cw
I, - 1. + P
_ 1 1,CW 1
TP, = 2
1 I.
1
TP,.1, = 1. ~ I + P
1771 i,ew i
P, = (TP,-1) I, + I.
i 1 1L Ti,cw
PF =‘tota17profit at the firm level
PF =1 P, =L ((TP,-DI, + L ew )
1 1
= ? ((Tpi-l)li)+21i’cw
=% TP..I, -~ II, + L I,
o- 1 1 . 1 . 1
1 1 1
OF

I = - +
—>PF=OF-IF I

OF = TPF . IF:

PF (TPF-1)IF + Icw

PF (TPF—l)(IH+IM¢I

a =Ty Iy Top Ip Iy Iey

a(TPF):— b

n

PF

TPF (IHfIM+ICF+IE+IXflcw) - (IHfIMfICF+I +1 ),f

CF+IE+I ) + 1

X Cw

E

= total input for a given period -

= all ihputs.other than working capital:
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Case 1: TPF = 0, Than PF

= = -b

Case 2: TPF = 1, Than PF = a-b
=1

cw

If these situations are plotted on a graph, the breakeven point &f
TPF is observed. -

Prafit of a firm PF

Ie s

!
1.0 ~2.0 3.0

\ Total productivity TPF

I
. \(TPF)5£= - ik

/ Tl e gl o tlp+iy

o

%/

Uyt Iy +1e p+le+ 1

Figure A. Relation between profit and total productivity
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APPENDIX B

Laspeyres Index ~ Base period priée weighte&, quantity change

ratios:
n n Q. n Q..
5 Q.. .P. £ Q. .P. .22 5q,.p. .t
t . .
j=1 1 io i=1 i1t 10 Qlo . =1 10 10 Q10
n n n
I Q... r Q. .p Z Q. .P,
j=1 0 1o .o, 19 io joq Lo’ 1o
n
Zm, .y.
jop 071
n
Z:m:i.o
i=l &) .
Qit = Quantity of outputllnput type iin the current period
: Qio = Quantity of output/lnput type i 1n the base perlod
Pit = Price/cost of ou;putllnput type i in the current period
Pio = Price/cost of output/input type i in the base period ‘
Mio = Base period money value of‘Qutput/input type i
Y. = Quantity relative output/input type i = Qit/Qio
X, = Price relative of output/input type i = Pit/Pio

Since different input and output types have different unit_prices- _
and unit costs and used‘with:different‘quantities, for example when total
, materials is considered taking only the ratio of current period
quantity to the base perlod quantity will not actually give the:
quantity change ratio of total materials. However when the summatlon of
quantity change ratios of all materlal ‘types times their base period values
are taken and d1v1ded to the summatlon of base perlod values of all
| aterlal types, base period price Welghted quantlty change ratios will be

calculated.
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Assumed that cost of material type A is 100 TE/unit and 20 per. cent
more in quantity is used, cost of material type B is 1 TL/unit and 50
per cent mbre in quantity is used in the current period when éompared to
the base period. As a total, it is wrong to éay that 70 per cent more
material A and B is used in quantity. Actuélly 20 per cent more material

A and B is used in quantity,

100 x 1.2 + 1 x 1.5
101

= 1,20=20 per cent

Paasche Index: Current period quantity weighted unit price change

and unit cost change ratios.

n n P, Q n P, Q.
t 1t
% P. .Q ZP. Q. .—=2,22 g3p .q ..
i=1 1tv 1t _q 1t it Pio Qio j=1 0 10 Pio‘ Qio
n n Q. n Q.
P, .Q. LP. .Q.. . =2 TP, .Q. . &
i=1 1° 1t j=1 © it .,Qio {=1 10 10 Qio
n
LI M. .X..Y
. io 1 1
_i=1
n
Z'Mio.Y1
i=1

Since different inpuﬁ and output types used with different
quantities, for example when total materials is considered, téking only
tﬁe ratio of current year costs to the base year costs will not actualiy'
give the unit cost changes of total materials. However when the sumation
of quantity change ratibs of all material types times cost change ratios
times their base period values are éalculated and divided to the
‘summation of base period values times: quantlty changes ratios of all
mater1al types, when current period is compared to the base perlod If
significant changes in quantlty of output or 1nput items are made
between current and base period those will be reflected to thetunlt price.

or unit cost changes..
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Assumed that price of finished good type A is 100 TL/unit. It is
20 per cent expensive in price and 10 per cent more in quantity,
comparing base period to the current périod price of finished good type B
is 1 TL/unit. It is 50 per cent expensive in price and 15 per cent more
in quantity. As a total it is wrong to say that finished goods A and B
is 70 per cent expensive in prices. Actually goods A and B are 20 per cent

expensive in prices.

100 x 1.2 x 1,10 + 1 x 1.5'%x 1,15
1.10 + 1 x 1.1

1 = 1]
100 x 1.1 15 = 1,20 == 20 per cent:
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APPENDIX C

Where;

Weighted Change Ratios
n
| o GaFy
Column 7 = = i=1,...,n
p) Q-P, i=Output/input categorized item
521 L il
n
L %2t
Column 8 = '
n
Lo Q59-P5y
1=1
n
o G2Fip
Column 9
n
ZoQFyy
i=1
QiZ = Quantity of output/input type i for period 2
Pil = Unit price/unit cost of the same output/input type i for
period 1 '
Qil = Quantity of output/input type i for period 1
PiZ = Unit price/unit cost of output/input type i for period 2.

Cost/Revenue Ratios

Iijk i Cijkl .. Input elements, Column 3
Total outputs, Column 3

Column 10

Input elements, Column 6
Total outputs, Column 6

Column 11
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Where;
'Iijk = Quantity of 1nput element of 1 class, J level k type of period 1
1. (base period)
Cijkl = Unit cost of input element of i clase, j 1eve1,kk type of period 1.
Oi = Quantity of output type i, period 1.
1 ' .
Pi = Unit price of output type i, peried 1
1
Iijk = Quantity of input element of i class, j level, k type of period 2
2 (current period)
ijk2 = Unit cost of inmput element»of,i class, j level, k type of period 2.
Oi = Quantity of output type i, period 2
) T
Pi = Unit'priee of output type i, period 2.
2 :

Productivity Ratios

n -
L 0:7 - Pg L :
'  Column 12 = i=1l ' _ Total outputs, Column 3
A ik ':Ci'k Input elements, Column 3
S N A | L ,
n : : o
z Oiz»’ P]._1 Base period price weighted value
. _i=1 o "for total outputs
Column 13 = g—=———F—— = Base period unit cost welghted
. 13k2 1jk

1 ‘value for each input element

Weighted‘Performance Indexes

n
IO, . Ry
n_l . .
o .
Z 00 L] Pl . ’ . ,
1 14 = i=1 il 1l _ Column 7, for total outputs:
Column I.., . P. - Column. 7, for each individual
1_]k2 il . ) :
. input element:
Lisk, - Fi1

1,
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n
iiloiZ’P12
n .
X 012 . Pil , .
_i=1 _ Column 8, for total output
Column 15 = = ———
Il'k . Ci . Column 8, for each individua
1% 2 ~input element :
.. . C. :
1Jk1 1,
n
L 059-P59
i=1
n
L Oil' il
Column 16 = i=1 _ Column 9, for total outputs _
: sy P2 Colum 9, for each individual
1% 12 input element '
Lise, * Fi
1 1
Total Effects on Profits
i n - ‘—T
Z0,,.P (1.... . c... '
o B ‘ | i=1 12°711 1Jk2 » 1Jkl
Column 17 = (I... .C.., ) - ,
: 1Jk1 1Jk1 n {3k ° C. k
L 0. .P,. s T L
. . 117711
1=1 f

Column 3, for each|{({Column 7, for _ Column 7, for each
individual input: total outputs individual input

Column 18 = Column 19 - Column 17



n
.Elo 2-Pi0 Iijkz : CleZ
Column 19 = ( i1 Ciie e - i
36 )| o ijk, © Cijk
L p.q.P. 1 1
i=1 11° 711

each individual
input

Column 3, for ||
total outputs| |individual input

' bl
Column 9, forJ_ Column 9, for each



APPENDIX D

Capital Section in MFPMM

In general Capital section is being left out as an input while
applying MFPMM. However for the companies where capital productivity is
very important, especially under dynamic economic conditions, capital

section will be added to the model.

When investment:iﬁ new technology increased, so have productivity
 rates.Potential solution to the problem is to find ways to spark increases
" in capital investment. Uncertéinty and risk afe important terms associated
with the cost of capitéi. Therefore sinée it reflects the company's own
conditions, to calculate cost of capital instead of mihimum attractive

rate of return is a better decision for the price of capital.

Quantity of capital will be calculated as a single value. It is
the summation of current assets, fixed assets and other aSsets, in other4
words total assets generate’the quantity of caﬁital. Pfiée of capital will
be calculated as cost of capifal. It is the Weightedlaverage'of the costs’
of liabilities and stockholder's equity. Current assets of ‘a company can
be obtained from accounting department. However, book value of fixed
assets can not be used as its current value, instead mortgage or insurance
value of fixed assetsvor consensus of the manager cén be used as thé i} .
current value of fixed assets. Since combanies get their funds from |
liabilities, credits and stockholder's equity,~ca1culation of cost of

capital becomes important.

Example for the .calculation of cost of -Capital:

C . o Weighted.
Liabilities ‘Quantity’ (%) "Cost(Z)  Average
Short-term credits , 100 50 = 70 0.35
Long-term credits ' 4100 50 , 50 ©$+0.25

200 " 0.60
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Since liabilities are tax deductable:

0.60(1-046) = 0.32

: Weighted

Quantity (Z) Cost (Z) Average
Liabilities 200 - 50 -0.32 . - 0.16
Equity ' +200 50 0.35 +0.18
| 400 C 0.34

¥

opportunity cost of
using equity

Cost of Capital is 34 per cent.

If profitability leverage is greater than 1, increase in debt
will result with decrease in the cost of capital at the first step. How-
ever than with more increase in debt, risk of the company w111 also
increase with a greater speed than before, hence with an increase in the

cost of capital.

" If the profits obtained by a company are'greater than the cost of .
credits, the difference will be working- capltal and prof1tab111ty 1everage
of the company will be positive.

Profits
Equity .
"Profits + Financial Costs
Total Assets -

Profitability Leverage =

If profitability'leverage is greater than "1", it means leverage

is positive, otherwise it is negative.

Capital Section Qf;MFPMM:

Column 7: Base period cost of capital weighted changes in
assets. Since quantity of capital section is a single figure, as fotalv
assets, column 7 gives the change in assets when current period is
compared to the base perlod If the figure calculated is less than one,

it means asset quantity is decreased (in the current perlod relative to
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base period), or if it is more than one, it means assets quantity is

increased.

Column 8: Base period total assetS’Weighted' chauges in the cost
of capital. Column 8, since quantity ofrcapitalvsectipn is accepted as a
single figure of total assets,rgives‘the change‘in the cost of capital
from period 1 (base period) to period 2 (current‘period); If the figure’
calculated is less than one, it means cest of capltal is decreased, if

greater than one, it means cost of capital is increased.

Column 9: Examines the 51mu1taneous 1mpact of changes in the cost
of capltal and total assets figures, from perlod 1 to perlod 2. If the
calculated figure is less than one, it indicates a decrease in the value
of capital (total assets x cost ofvcapltal), if greater than one, it means

an increase in the value of capital.

Column 10: Examines Cost/Revenue ratlos for perlod 1, in other—
words total assets are divided by revenue. If calculated flgure is greater
than one, total assets of the company is greater than the revenue of the
company for the base period. If calculated flgure ig less than one, it

means total assets is less than the>revenue_of the company.
Column 11: Similar to Column 10, for period 2‘(curreut'period);

Column 12: Examines static'productivity ratiOS,ain otherwords
reflects output—to—lnput ratios for period 1. Calculated: flgure is the
total revenue divided by, total assets tlmes cost of cap1ta1 for the base
perlod. It gives the ratio of total revenue to the value of capital., 1f
the calculated figure is greater than one,clt means total revenue is
greater than the value of capital, if less than one;lit meaus total

revenue is less than the value of capital.

Column 13: Similar to column 12, for period 2. The ratio of base
period price weighted value of total output to the base period cost of

capital weighted value of total assets.



Column 14: Examines dynamic productivity indexes. Calculates the
ratio of price weighted quantity change of outbuts (from period 1 to
period 2) to the total assets change in quantity. If the calculated
figure is greater tham 1, it means capital productivity is increased,

if it is less than 1, it means capital productivity is decreased.

Column 7 for total outputs _ 1.27

€8- Column 7 for capital 0.95

= 1.34

The quantity of total outputs, when prices are partialed out is
increased by 27 per cent and total assets is decreased by 5 per cent,
when cost of capital is partialed out. As a conclusion total assets

productivity is increased by 34 per cent.

Column 15: Examines current period quantity weighted price reco-
very indexes. Calculates the ratio of current period quantity weighted
pricé changes of outputs (from period 1 to period 2) to thefchéngé in the
cost of capital. If the calculated figure is greater than one;.it means
price recovery of tétal outputs is greater than the cost of capital, if
it is less than one, it means price recovery of total outputs is less than

the cost of capital. -

Column 16: Examinesvthe ratio of simultaneous impact of changes
in prices and quantity of outputs to the ‘ratio of changes in the cost of
capital and total assets from period 1 to period 2. If calculated figure
~ is greater than 1, it means change in the total revenue is greater than
the change in the value of capital, if less than 1, it means change in the

total revenue is less than the change in the value of capital.

Column 17: Examiﬁes TL equivalance of fhe corresponding cell
column 14, in otherwords what impact has an increase in capital produc-
tivity on profits. Base period wvalue of capital is multiplied by the
difference of the base ﬁeriod price weighted change in outputs quantity

. from the base period cost of,cépitai weighted change in capital.
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Base period|||{Column 7
eg. |value of for total|-
Capital ‘outputs

Column 7 for
capital

1000 TL x (1.27) - (0.95)

320 TL.

If base period cost of capital weighted change in capital is
greater than the price weighted change in outputs quantity from period 1
to period 2, profitability figure will be a minus value, indicating loss

as an impact of capital productivity on profits.

Column 18: Examines TL equivalence of the corresponding cell
column 1 in otherwords what impact has an increase in price recovery of

capital on profits.

Column 18 = Column 19 - Column 17

Column 19: Examines TL equivalenc; of the cOrrespoﬁding cell column
.16, in otherwords what impact has an increase in capital productivity and
capital price recovery on profits. Base period value of capital is
multipliéd by the difference of the change in the value of outputs from
the change in the value of capital. If the change in the value of the
outputs is less than the change in the value of capital, the calculated

figure will be a minus value, indicating losses.
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APPENDIX E

User's - Manual

"DSS on Productivity Measurement Evaluation and ‘Improvement
Package" of MFPMM is made off 2 diskettes, Containing the main file
(named Sibel) and the data files (named 1985 and 1986) on seperate
diskettes. Initially Lotus file is located in drive A and main file
diskette is located in drive B. After Lotus is loaded, Lotus diskette is
taken out of drive A, and data files; 1985, 1986 diskette is located in

drive A. In order to load the main file; Sibel, the following commands are

made;
/ ;Worksheet, File, Retrieve, Sibel

When the main file; -Sibel is loaded, the heading of the package
and commands to start menu items occur on the screen. (Alt) and [Aj are

pressed simultaneously to see menu items on top of the screen:

DATA INPUT ' RESULTS |~ - |GRAPHICS | -

By the help of the arrows, the user will move the curser on the selected

menu item and press [Retur@ .

Data Input: In order to start the package, first “Daté,Inpﬁt" will

be.selected. Then another menu comes to the screen:

. ' [INPUTS]

Sink's MFPMM categorizes outputs and inputsiby class~type-level
hierarchy. Each of the menu items will be selected for data input,
either outputs or inputs is selected another menu will appear on the

screen:

BASE YEAR { CURRENT- YEAR | - | PROJECTED" YEAR| -
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In order to be able to see the results, one of the following will

»be entered:

~ a) Base and Current period data ‘
b) Base and Projected period data -

c) Base, Current and Projected period data

Either Base Year or Current Year is selected another menu will

come to the screen:

JAUTOMATIC INPUT] ‘ {MANUAL- INPUT|

a) Automatic Input (Inputs‘1985‘déta for the base year and 1986

data for the current yera).

If automatic input is selected another menu appears.

115% quarter|  |2™d quarter||37¢ quarTER| - |4 quARTER| .

One year is divided into 4 qhafters and each quarter represents 3
months, if 15t QUARTER is selected another menu appears showing the -

months.
JANUARY A : |FEBRUARY[ " -!MARCHf‘

If second is selected

[EPR [ - [N

If third is selected -

and finaly is forth is selected .



- 65 -

OCTOBER NOVEMBER DECEMBER

appears on top of the screen. By the help of the arrows, the user will

move the curser on the selected item and press (Return).

Program automatically inputs the selected month's data from the
data file on the main file. While the data is copied, at the upper
right corner "WAIT" command appears, after copying is completed "READY"
command appears. If the user of the packagé wants to change some quantity
or unit price or unit cost data of outputs or imputs, after the completion
of data input, he or she may reach to thé data region that is going to be
changed byvthe help of arrows, in otherwords he/she will move the curser on
the region that will change and will type the new data and press (Return).
The package also allows the user to make a moving index comparison. eg.
He/she may compare the data of January, 1985 (base year) to the data of
January, 1986 (current year) or he/she may compare the data of December

of the base year with the January of the current year, and so on.

b) Manual Input: Brings the data input part onto the screeﬁ to
allow the user to input his or her own data. User of the package will
enter the data of a month, he/she wants to compare. The manual input
section of the package allows the user to make validation of the model.
User of the package may forecast next month's data and enter them to the
projected year and obtain results by Baée/Projected period analysis.

When actual data is collected for that month, he/she may enter them to
the current year section by selecting manual input. This time Base/Current
year analysis will be selected to obtain results. Comparison of the two
analysis will also indicate the reliability of the forecasted data, and N

forecasting power of the user.

If projected year is selected;'the.data input part for the
projected year appears on the screen. Either outputs or inputs is
selected, the user will enter the quantity part by his/her experience.
The package allows unit price and unit cost indexes for outputs- and |

inputs to the user for 1987-1990. He/she may either choose and index from
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the table, according to the year he/she is making analysis or he/she
may enter his/her own index. The package automatically multiplies the

index with the current period data and inputs the result to the price

section.

Results: After data is entered, results part will be selected by

moving the curser on it and pressing (Return)

Another menu appears on the screen:

[BASE/CURRENT| |  [BASE/PROJECTED]

If Base/Current year analysis is selected, base and current period
data are inputted, if Base/Projected year analysis is selected Base and
projected period data are inputted. If the three periods' data are
inputted, both of the analysis can be selected. Either of them will

provide the same menu.

eighte
The Effects Weighted Weighted Cost/Revenue and
. Performance| |Change . e .
on Profits . Productivity Ratios
Indexes  |{Ratios ST T

1. Weighted Performance Indexes: Calculate dynamic performance
indexes: productivity:‘price—weighted productivity indexes are calculated
for each input element (class-type-level categorization), comparing

current period or projected period to the base period.

Price Recovery: Quantity weighted price recovery indexes are
calculated for each 1nput element (class~type~level categorlzatlon)
comparing current perlod or projected period to the base perlod It
reflects the degree to which the organizational system was able to

increase its price in relation to elemental input costs.

Profitability: Indicates profitability indexes comparing current

period or projected period to the base period.
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2. TL Effects on Profits: Productivityﬁ indicates what impact an
increase in productivity has on profits from base period to current

period or projected period in TL values.

Price Recovery: Indicates the effect of price recovery on profits

from base period to current period or projected period in TL values.

Profitability: The total effects of productivity and price
recovery on profits comparing current period or projected period to the

base period in TIL values.

3. Weighted Change Ratios: Quantity: Price-weighted and base period
price indexed changes in quantities when the current period or projected '
period is compared against base period. It indicates decrease or increase
in the quantities of output/input class-type—lével cétégorization when the

effects of prices are held constant.

‘Price: Quantity—weighted and current period quantity'indexed
changes in unit prices and unit costs, when the current period (or
projected period) is compared against base period. It indicates a
decrease or increase in the unit pricé (unit cost) of the output (input)
class—-type—level categorization, when the effects of quantity are held

constant.

Value: Examines the simultaneous impact of changesAin:pfice and
quantity from the base period to the current or projected period. It
indicates a decrease or increase in the value (price x quantity) of

output/input class—type-level categorization.

4. Cost/Re&enue and Productivity Rétios: Cost/Revenue :Ratios
indicate the ratio of the value of each input element (class-type-level
categorization) to total output's value for the.base.period'(pEriod 1)
and the current period or projected period (period 2). Those ratios will
help managers to make productivity improvement décisioﬁs interms of cost

reduction.
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Productivity Ratios reflect output-—to-input ratios for period 1
(base period) and period 2 (current or projected period) (Static
productivity indexes are calculated for each individual input

element).

GRAPHICS: If the graphics option is selected, another menu will

appear on the screen:

pie chart of Inputs as pie chart of Inputs as
Z of tot. Input Costs % of Revenues

If either of the pie charts are seleéted another menu will appear:

PERIOD 1 PERIOD 2  [PERIOD
| [PERIOD 3]

1. Pie chart of Inputs as % of total Input Costs: According to the
Selected period; period 1 (base period), period 2 (current period),
period 3 (projected period), a pie chart showing the percentages of input
costs; total energy cost, total labor cost, total material cost and totalb

capltal cost to the total 1nput costs will be drawn on the screen.

2, Pie chart of Input Costs as 7 of tbtal Revenues: According to
the selected period; base, current or projected, a pie chart showing
input costs (total ‘labor cost, total material cost, total energy cost,
total capital coSf) as percentage of total revenues will be drawn on the
screen. If input costs are gréater than revenues, pie chart will not be
drawn as it will be meaningless. A message will warn the user saying "If
costs > Revenue, do not draw the pie chart". Otherwise to draw the pie
chart will be meaningful and total labor, total material, total energy
and total capital costs as 7% of revenue will be observed on the chart, -the
remaining portion of the pie will indicate the profit.

By pressing 2 times (Esc) and afterwards (Homgj the user will
return to the beginning of the package and presSing'(Alt} and,(AJ

simultaneously, may call menu items again and may observe any section
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e

of the package over and over. If the user wants to make sensitivity
analysis, he/she may change quantity or price of certain elements and

observe differences obtained in the "Results" section.
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APPENDIX F

» January(86)/January(85)

NOTE: "ERR" observed in the outputs, indicates that type of
' material is not used in that period.
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