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Introduction

There is much argument today about the economic
justification of new production technologies (Edwards and
Heard [1984], 1Ingersby [1988], Kaplan [1984], Tatikonda
[1987]). Very few people dispute that whereas production
technology have developed very rapidly in the last few
years, management methods have not been able to keep up
with this process (Burstein [1986], Ettlie [1988], Kaplan
[1983], Kaplan [1986]). We can not perform economic analysis
based on traditional methods, because many new
considerations have emerged which the traditional - highly
production quantity oriented - methods are unable to
consider, for example in the <case of a flexible
manufacturing system. Publications concerning the JIT
systems, especially, emphasize the changes required in
current methods for control and economic analysis of
production processes (Jaouen and Neumann [1986], Jaouen and
Neumann [1987], Maskell [1988], Hiromoto [1988]). In the
fields of both planning and control of new production
technology many open questions are waiting for answer.

In this paper we are going to focus our attention on the
cost control of high technology production systems where due
to the expensive resources used, the ratio of fixed cost is
relatively high. Standard costing is a widely applied
method, especially in the manufacturing industry. Some
recent publications however are skeptical about its future
(Dorward [1985], Dilts and Russell [1985], Inman [1985],
Tait [1985]). We think that the reason for this pessimism is
the fact that critics concentrate mainly on the application
of the current methods in the new environment, instead of on
the modifications required because of changing conditions.

In this study we suggest a generalized approach to standard
costing which we believe will help in understanding many
control issues stimulated by the changed cost-structure of
modern production systems (Schwartzbach [1985]). After the
modification of standard costing we justify its viability in
the new technology environment.

However we have to emphasize that our primary objective is
not the development of standard costing, but rather the
exploration of some important control issues characteristic
of high fixed cost systems. We have found that variance
analysis - after a slight modification - might be a useful
help to this effort.

The train of thought presented in this paper is supported by
experimental calculations.



1. Generalization of standard-costing

When we are talking about the generalization of standard-
costing our starting point 1is the traditional philosophy
hidden behind the currently applied method, that is, to try
to keep the costs that emerge in the course of production as
close as possible to the planned costs that were set up as
cost-standards(Benett [1958], Galway [1985], Steffy, Ahmed,
Reyes [1980]). Based on this, traditionally determined
variances supplied the information for either the management
by exception or the evaluation of management performance
(Dearden [1973]). Due to the high variable cost ratio of the
production systems the variable cost-related areas were the
primary interest of cost control. Consequently the current
method of standard-costing is far too production quantity
oriented.

There is no need to justify this assertion in the case of
direct material variances, because these primarily depend on
and have direct relation with the quantity produced. Even
the examination of overhead variances tries to suggest that
the best policy is to produce as much as possible while
keeping to the predetermined time norms and costs. The
change in the cost structure of modern production systems,
however, raises some new issues. High level of production
(and selling) do not necessarily mean efficient system
performance. They can be inefficient in terms of profit, but
even a high profit is not by itself proof of appropriate
performance.

To demonstrate this claim let us consider a highly automated
production cell which produces a very simple product having
a high contribution margin. The quantity produced is enough
to cover the overhead and yield some profit, but to engage
the capacity with this product deprives wus of the
possibility to utilize the technological potentials of our
system. It might mean that we give up considerable profit
for the more secure capacity utilization. This question
mainly belongs to the planning sphere but we will reveal
some aspects concerning the field of control as well.

Another controversy about quantity orientation is the system
consideration. Suppose that we put a great emphasis on the
capacity utilization of a computer integrated manufacturing
cell. The technological potentials are utilized, but this
requires so much effort from the system that many joint
subsystems (subcontractors, infrastructural units, etc.) can
not work at their required efficiency. Apart from the
planning and organizational issues raised by this problem
some control aspects are also worth considering.

In order to be able to handle the new control issues in the
highly integrated and automated production systems, we



formulate standard costing in an abstract way. This abstract
formulation will help us to work out a method valid for a
much wider set of practical problems compared to the method
applied so far.

1.1 General formulation

Let us consider the following very plausible objective as
the basis of our further discussion:

The objective of standard costing is to keep the price
of the resources applied in the course of production as
near as possible to the planned costs.

In this context, resource means the direct (invested in
every production period and built in the product) and
indirect (invested for the establishment of the system)
resources, as well as the technology available for
production. The direct materials as direct resources (in
accounting terminology, current assets) or the machines,
buildings, as indirect resources ( in accounting terminology
fixed assets) are classical elements of the prevailing
costing systems (Deakin and Maher [1984]). Under the term
technology we mean the applied method of production in terms
of the physical process and the operation management
technology. Resources belonging to this last group represent
the information applied to realize a certain type of
technology.

By examining the cost behavior patterns of these resource
categories some well defined classification possibilities
can be found:

- The cost of direct resources inherently relates to the
quantity produced. This literally means that the more we
produce the more the accumulated cost of these resources
will be. Of course there are other factors influencing
these costs, i.e. market situation, inflation, but these
can be overlooked in this initial approach.

In the further discussion the set of these resources will
be examined in the cost-quantity dimensions.

- The cost of indirect resources inherently relates to
time. This literally means that the more time passes, the
more the accumulated cost of these resources will be. The
fixed overhead costs belong to this field. (We have to
note that, depending on the method of depreciation, some
indirect resources may belong to the cost-quantity
dimensions).

In the further discussion the set of these resources will
be examined in the cost-time dimensions.



- The cost of technology-type resources inherently relates
to the information belonging to the current way of
production. Theoretically the higher the technology
requirement of the product the more the accumulated cost
of technology will be.

In the further discussion these set of resources will be
examined in the cost-technology dimensions.

Furthermore one of the basic element of our approach is to
divide the costs intended to be controlled among the
previously defined dimensions. In every dimension pair the
following four values should be determined in order to
provide information for cost control:

(a) The resource utilization variance means the difference
between the standard cost of resources applied and
planned.

The cause of this variance is that the quantity applied
was not the quantity that had been planned for. Some
possible reasons why this occurs include the use of more
direct material for one piece of product, less working
hour per unit, or higher capacity utilization.

(b) The resource price variance means the difference between
the actual price and the standard price of the resources
applied in the course of production.

The cause of this variance is that a higher or lower
price had to be paid for the resources effectively
applied in the production.

(c) The passive cost means the cost of resources being
engaged in the production but not representing products.
We might call it the cost of nonproductive production.

The cause of this cost is that while the system is
existing and working no output can be perceived. These
costs may be caused by the paid idle time of workers,
non-utilized capacities, production of failed products,
etc.

(d) The system cost means the cost of resources not utilized
due to reasons that derive from inherent characteristics
of the 'whole' process.

The cause of this cost is that the system examined is
not an individual entity separated from the environment.
Connection to associated systems impose numerous
restrictions that need to be considered in the course of
cost control. The technological conditions and capacity



bottle-necks are the most typical examples. To determine
the system boundaries of the 'whole process' the
flexible system boundary principle (Koltai and Farkas
[1988]) can be applied.

It might be misleading that we used passive cost instead of
a some kind of variance, but since this terminology is
widespread in practice we adhered to the current usage.
Sometimes the term capacity variance is used for the passive
cost as well(Galway [1985]). The system cost is very similar
to the passive cost by nature and the term system variance
might be confusing; therefore we preferred to use system
cost. In both case however we are talking about some kind of
cost variance denoting the bias from the ideal cost of
production.

In the next section a detajiled examination of the various
cost dimensions is presented.



2. Detailed analyses of cost dimensions

2.1. Cost-quantity dimensions

In these dimensions those costs related to the direct
resources are examined. A possible behavior pattern of these
costs is shown in fig.l. The classical elements of this
group are the direct material and direct labour cost. In the
case of quantity-related depreciation, however, the
otherwise indirect-type resources have to be ranked here
(Deakin and Maher [1984]). A general cost function of the
resources belonging to this group can be represented on the
following way:

Cvar=f(pIQIu) (1)
where

p - the price of the direct resources used in the
course of production;

q - the produced quantity;

u - the resource utilization coefficient.

There are of course other variables determining the gross of
variable cost but from the point of view of control of
production these  three factors can be considered
particularly relevant. Using the terminologies of managerial
accounting the variable costs and the variable overhead are
controlled in these dimensions (Dearden [1973], Reece,
Anthony, Welsch [1985]).

(a) The resource utilization variance defined in 1.1. can
be expressed as follows;

Vq,util=f(PgerIrug +AU) =£(Pgy 1 druge) (2)

The resource utilization variance in the cost-quantity
dimensions expresses the improper utilization of direct
resources. The cost deviation caused by the change of
direct material norms or direct labor norms and the non-
expected energy consumption can be ranked here.

(b) The resource price variance defined in 1.1. can be
expressed as follows;

Vq,pr=f(PsttAPrd uge+tAu) ~£(pgy  qrugetou)  (3)

The resource price variance in the cost-quantity
dimensions expresses the unexpected purchase cost
changes. Since the time period embraced by the
production control does not generally coincide with the
procurement period, different prices may be incurred in



one control interval. In this case some kind of average
unit price can be used (Benett [1958]).

(c) The passive cost defined in 1.1. can be represented as
follows:

Vq,pas=cv_f(pst+Aplqlust+Au) (4)
where

Cv - the variable cost incurred in course of the
production.

The passive cost in the cost-quantity dimensions
expresses the costs incurred during the production but
which did not contribute to the output of the system.
These can be the production of failed products where
the direct material and labor cost belonging to the
rejected units are costs not represented by products at
the output. Paid idle time is another very important
element of variable - passive costs. In concrete
situations other specific elements belonging to this
cost variance will certainly be detected.

It is in the sum of the variances of the cost-quantity
dimensions that the essence of the whole examination
becomes apparent.

Vq™Vq,util*Vq,pr*Vq, pas Cv I (Pstrdrust) (5)

(5) represents the difference between the actual and planned
value of the variable cost. The three components help to
analyze the causes of these differences. The final objective
of cost control is to define the areas in which management
is to intervene. The variances determined above might help
to achieve the reduction of operation cost by detecting the
causes of superfluous expenditures, or may help to reveal
the reasons for the erroneous planning. Cost control based
on these variances has been and is currently an efficient
tool for the management of traditional production systems
having high variable cost ratios.

2.2. Cost-time dimensions

In these dimensions those costs related to the indirect
resources are examined. A possible behavior pattern of these
costs 1is shown in fig.2. The general form of the cost
function related to resources belonging to this group can be
represented on the following way:

ctime=f(pltlu) (6)



where

p - the price of the direct resources used in the
course of production; '

t - the time spent on the performance of the system;

u - the resource utilization coefficient.

Generally the period of control embraces a time interval
where these costs can be considered constant or stepwise
functions. One of the reasons for this is the applied
accounting practice which records these costs as if they
incurred periodically. However, if we distribute this
constant across the period to which it belongs a more
realistic cost function is gained. If for example we
predetermine that the value of a machine has to be
depreciated within a certain period we do not commit a big
mistake if we distribute it in hourly, daily or weekly
details instead of yearly. This does not coincide with the
requirements of the accounting system, but it better
reflects reality from the management point of view.
Something similar is suggested by Hakala (1985) in raising
the question of hourly-based machine cost recording. The
cost function introduced this way will be named 'time
related' standard cost:

Ctime,st™E(P,t,u) (7)

In order to simplify the interpretation of our thoughts we
disregard some factors influencing the above cost but not
strictly belonging to the production control sphere.

(a) The resource utilization variance defined in 1.1. can be
expressed as follows:

Vi, util™f (Pgprtrugetu)-£' (pgi bt ugy) (8)

f'(ps rtiuge) is a modification of (7) taking into
con51geratlon the constraints imposed by the bottleneck
of the 'whole' system. If, for example, only 70% of our
examined capacity can be utilized because of a
subcontractor who can not deliver more parts, then the
time related costs have to be distributed over this
apparently shorter period.

The resource utilization variance in the cost-time
dimensions reflects the non appropriate intensity of
system performance. Since the resource utilization
coefficient belonging to the time related resources
expresses the time norm or time requirements of the
given production task, the difference due to the change
of this coefficient means informal capacity
underutilization. In other woxds, more  capacity
(machines, hourly paid workers) was engaged for a
certain task than was previously required. These



(d)

capacities were engaged but did not produce. The
elimination of this difference means more rigorous time
norm control which may lead to more available capacity.
Of course planning errors may also be a cause of this
variance.

The resource price variance defined in 1.1. can be
expressed as follows:

Ve, pr=Ce~f' (Pgtr Lot rUst) (9)
where

Cg - the time related cost incurred in course of the
production. The f subscript reminds us that the
fixed overhead belongs to the system examined.

The resource price variance in the cost-time dimensions
expresses the unexpected costs incurred due to the
change of resource ©purchase price. For example
unexpected wage raise, higher energy price, etc. Using
the terminologies of managerial accounting the fixed
overhead costs are controlled in these dimensions.

The passive cost defined in 1.1. can be expressed as
follows:

Vi,pas~E' (PgrrtgrrUge) -£' (Pgertrugy) (10)

The passive cost in the cost-time dimensions expresses
the value of resources not applied in the production.
The elimination of this difference can be achieved by
new job orders. This cost will always be incurred as
long as we want to have the possibility to produce, and
therefore we maintain a reserve of idle capacities. We
can consider it as the cost of possibility or
flexibility, a cost we have to pay for the fulfillment
of would-be orders.

The system cost defined in 1.1. can be expressed as
follows:

Vi, sys E(Pgtrtruge)-£' (Pgyrtiugt) (11)

The system cost in the cost-time dimensions means the
cost of capacity available in the system Dbut
underutilized due to the capacity constraints of the
'whole' system. When the subsystem examined is the
bottleneck of the 'whole' system the value of (11) is
zero. The elimination of this cost requires either
strategic intervention (reduction or widening of
capacities) or the help of the control concerning the
'whole' system.
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If we examine the sum of variances in the cost-time
dimensions some interesting results similar to the ones
gained in 2.1. can be obtained. That is,

Vt=vt,util+vt,pr+Vt,pas+Vt,sys=
=Cg-£(PgprtiUgy) (12)

(12) represents the difference between the actual value of
fixed cost and that fixed cost belonging to the engaged
indirect resources in the actual production. We compare our
current fixed cost to an ideal system which has the same
cost characteristics as our system but in which the current
production is at total capacity utilization. In (12) only
v pr Means extra expenditures compared to the planned cost.
Tﬁé other part of (12) is always incurred, and when a
decrease of these variances is suggested we strive to drive
the system toward a performance which assures coverage of
these costs. The components of (12) help to identify the
areas that are to be examined in order to achieve this goal.
This effort is one of the primary issues in the high fixed
cost production systems.

2.3. Cost-technology dimensions

In these dimensions those costs related to the technology
type resources are examined. A possible behavior pattern of
these costs is shown in fig.3. The general form of the cost
function related to the resources belonging to this group
can be represented in the following way:

Ctech=f(Prisu) (13)
where

p - the price of the technology-type resources
available in the production system;

i - the technology-type resources represented by the
output (in terms of information);

u - the resource utilization coefficient.

Generally (13) is some kind of discrete function because a
wide range of output representing different information
content can be covered by a given system. We may suppose
that every step of the discrete (stepwise) function
represents an increase in the costs belonging to the higher
information level output. Practically it might mean a change
of machines for more sophisticated ones, application of more
highly-paid skilled workers, introduction of new quality
control systems or production control systems, etc. in order
to gain higher level output in terms of the technology
represented by the product. The difference in the cost of
various technologies comes from the alternate value and
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ratio of fixed and variable costs. It has to be remarked
again that there are other factors influencing (13) which
can be disregarded from our point of view.

(a) The resource utilization variance defined in 1.1. can be
expressed as follows:

Vi uti1=E(Pgprisugethu)-£(pgerisugy) (14)

The resource utilization variance in the cost-technology
dimensions reflects the non appropriate utilization of
available used technology-type resources. It means that
the objective of the production was an output
representing a certain level of information, but the
information resource content of the actual output
differs from this. The lower than expected quality, or
less than planed functions are some examples of this
situation. One of the most important ways to decrease
this variance is by improving of quality assurance.

(b) The resource price variance defined in 1.1. can be
expressed as follows:

Vi,pr=f(psthlust)+f(pstltlust)—f(pstlistlust) (15)

The resource price variance in the cost-technology
dimensions means that higher costs than the standard of
the expected information level of output were planned.
The planned overpayment of work-force as compared to
wages that can be considered standard for the required
tasks 1is a characteristic example of the possible
reasons. The decrease of this variance requires analysis
of the reasons that led to the planning of higher costs
than standard. More explanation of this variance can be
found in 3.2.

(c) The passive cost defined in 1.1. can be expressed as
follows:

Vi,paS:f'(pst’iSt’uSt)—f(pst'ilust+Au) (16)
where

f'(pst,i,ust) - the technology related system
standard cost.

f'(pst,i,ust) is a modification of (13) by taking into
consideration the constraints imposed by the
'information' bottleneck of the 'whole' system. We can
consider as an example the case when the parts delivered
by a subcontractor are not suitable for the production
of a product having the highest information content it
would be possible to achieve in our system under optimal
conditions.



The passive cost in the cost-technology dimensions
expresses the value of technology-type resources not
applied in the production but available in the system.
The elimination of this variance can be achieved by
raising the information level of output by taking orders
for higher quality products, for production of more
complex parts, etc.

(d) The system cost defined in 1.1. can be expressed as
follows:

Vi, sys~E(Pstrigrruge) -f' (PgtrigtrUst) (17)

The system cost in the cost-technology dimensions means
the difference in information content of the output at
standard level, on the one hand in the case when the
system is considered as a self-contained unit and on the
other hand when it is considered as an integrated part
of the 'whole'. The decrease of this difference means
that the connecting subsystems impose fewer and fewer
constraints in terms of the information level of the
output.

Examining the sum of differences in the cost-technology
dimensions the result similar to (5) and (12) can be
obtained, that is,

Vi=V +V

i,util*Vi,prtVi,pastVi,sys™

=f(psthlust)+f(pstltlust)_f(pstlilust) (18)

(18) expresses the difference between the planned variable
and fixed cost of an output of certain quantity and quality
and the general standard cost of the same output. By
general standard cost the accepted competitive expenditures
based on the current state of engineering science is meant.
We have to emphasize that the 'i' variable contains the
technology resources represented by the produced gquantity
and quality. Thus if our production represents a small
lotsize than we can not use as a standard the information
level of automated continuous production. Obviously the
accepted standard refers to the currently competitive job
shop technology.

12
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3. Detailed analyses of variances

In the previous section the variances in all cost dimensions
were defined. The variances denoted by the same name in the
certain dimensions have many common features but significant
differences as well. Both the general elements of our
approach and the reason of the shift of emphasis in cost
control can be understood by a comparison of the same types
of variances.

3.1. Resource utilization variance

As was stated in 1.1., resource utilization variance means
that the different kinds of norms referring to the
utilization of resources were not kept. The effect of this
phenomenon is that a more than expected resource quantity
was used up or built into the product. Depending on the type
of resource the cost consequence as well as the control
policy for elimination of this kind of variance will be
different.

The higher than expected (or less than expected) resource
usage causes higher (or lower) expenses only in the cost-
quantity dimensions, where the result might be (for
examples) higher or lower labour and/or material cost.

In the other two cases the effect is more indirect. In the
cost-time dimensions the outcome is less available capacity
which means decreased potential profit. This potential
profit would be achieved by an increase of production. It
means that the more efficient resource utilization does not
necessarily yield higher profit or less cost. In the case of
this variance attention is directed toward the possible loss
of return. Thus the incentive is not only to gain profit but
also to consider the 'price' in terms of profit-yielding
resources.

In the cost-technology dimensions the case is similar to the
previous one but the emphasis is put on the 'knowledge' of
the system. We assume that we utilize the technological
capacity of the system to a certain extent but the reality
is different. Consequently the non utilized 'knowledge' of
the system is greater than planned. If we would produce our
output in a system having less 'knowledge' at a lower price,
then it would increase the competitiveness of our product.
The other possibility is to produce an output of higher
information level in the same system which would improve the
efficiency of the 'smarter' system. The philosophy is the
same as before; profit is not the only performance measure,
the price of profit in terms of profit yielding resources
has to be considered too.




In all the three cases the control policies are either
measures to ensure accurate observance of the resource
utilization norms, or the modification of them in order to
eliminate possible planning errors. However this
intervention has direct consequences only in case of norms
belonging to the set of direct resources. In the two other
cases further steps should be taken in order for the effects
of interventions to be reflected in terms of profit.

3.2. Price variance

The resource price variance indicates that we spent more
than planned for the procurement or maintenance of
resources. The higher expenditures are approached here from
the direction of resource procurement policy.

In the cost-quantity dimensions this means that the more we
produce the more overpaid direct resource will be required,
and the result is the higher production cost.

In the cost-time dimensions the variance does not directly
correlates with quantity. The more we pay for the indirect
resources the higher the overhead burden for a time unit and
the more difficult it is to ensure the competitive product
background to recover this burden.

In the cost-technology dimensions some more detailed
explanation is required. The resource price variance in this
field reflects the higher cost acknowledged as the standard
of our system than the competitive standard of the industry
in question. There may be different reasons for this
(manpower policy, erroneous technology or process planning)
but if the system output does not reflects this higher
information level then the recovery of these costs can not
be assured. This variance may help to understand why a
product produced with the same technology but under
different operations management strategy can have different
competitiveness. This variance is also relevant to the
product-process relationship (Hayes and Wheelwright [1979],
Hayes and Wheelwright [1979a]). Sometimes it is hard to
judge the trade-off between producing small lots in a job
shop environment or large lots in a continuous production
environment. The technology standard - which apparently is
not easy to determine - can help in the evaluation. The
possible conclusion is obvious; if the production technology
is uncompetitive, no matter how strictly we keep the norms
in the long run, the calculable variance will indicate
inefficient performance of the system.

It has to be emphasized that the difference between the
ideal cost and the current production cost of our system
contains all the three variances, but the effort to decrease
these gaps requires different type of interventions. The

14



variance in the cost-technology dimensions reflects the
accepted higher cost while the other two components create
additional expenditures which can be eliminated by more
strict cost control.

3.3. Passive cost

The passive cost indicates the value of resources applied in
the production but which did not contribute to the output.
It means that the system was in operation but did not yield
products.

In the cost-quantity dimensions a typical example is the
production of rejected products. In this case we incurred
all the variable costs but could not sell anything. By
eliminating this variance we have less variable cost, that
is, we save direct expenditures. The cause of this cost in
the other two cases is the same but the effect of their
reduction is different.

In the cost-time dimensions the passive cost does not mean
direct cost saving. It only means that resources of certain
value are idle. If we use these resources and produce
something, then the passive cost does not vanish, but we may
be able to recover this cost by the contribution margin of
the product. The conditional mode was used to indicate that
producing a product does not necessarily mean that we will
really be able to ensure the revenue side of the costs.

The passive cost in the cost-technology dimensions indicates
that our production system is able to produce output of
higher information content, that is, it 1is possible to
perform the current production in a system of lower
technology cost. The reduction of this cost drives the
system into a more efficient utilization of the
technological capabilities.

It is important to understand the difference between the
passive cost and resource utilization variance. In both
cases increased resource usage may be experienced but while
in the first case those resources are necessary to the
actual output, in the second case the resources are idle and
can directly be transformed into useful products.

3.4, System cost
The system cost indicates the expenditures paid for the
nonutilized resources due to the structure of the 'whole'

production system.

In the cost-quantity dimensions it is not easy to separate
the resource utilization variance from the system cost. It

15



is difficult to express explicitly - especially in general
discussion - which part of the changed resource utilization
belongs to improper performance of the activity in question
and which belongs to causes derived from the system's
surroundings. Whereas theoretically the system cost exists
in these dimensions, from the point of view of practical
control we suggest that the 'system effect' should be
considered when the reasons for resource utilization
variance are investigated. .In the other two cases system
cost 1is well defined, easily expressed and has great
importance.

In the cost-time and cost-technology dimensions the meaning
of the system cost is the same as that of the passive cost,
that 1is, we paid for resources non-represented in the
output. However the reason for this is different and so
consequently is the method of its elimination. In the first
case there are direct ways of eliminating passive cost by
increasing production. In the second case, without the
influence of the system structure there is no way to
eliminate system cost. In a situation where capacity
underutilization derives more from system cost than passive
cost it would be a mistake to blame it upon lack of customer
orders (Koltai [1986]).

The system cost in the cost-time dimensions refers to the
effects of capacity bottleneck while in the cost-technology
dimensions it indicates problems due to technology
bottlenecks. These are new issues especially characteristic
of flexible manufacturing systems where the constantly
changing material flow makes the system more sensitive to
the logistics of the process.

16



4. Comprehensive consideration of the generalization of
standard costing

The main issue in the foregoing points was very simple: we
considered on one hand the cost of actual production and on
the other hand the competitive cost of the performance of
the same production task. The difference between these two
was divided into parts. The principle of this division was
that we tried to detect the possible causes of the
difference and to determine the different causes to which
those parts belong. Some hazy definition - but not
overlapping - can be experienced (e.g. in case of the system
cost) however we assume that this organization of
differences can be an appropriate guideline to the cost
control. Some of these variances are not new (Benett [1958],
Dearden [1973], Reece, Anthony, Welsch, [1985]) but the
introduction of system cost and the variances in the cost-
technology dimensions means new viewpoints dictated by very
lively and uptodate requirements (Brimson [1988], Maskell
[1986], Meredith [1988]). Examining the sum of all
differences this basic idea becomes clear:

V=V V4V =CotCe-f (Pgy i rugy) (19)
The first two elements of (19) are the current costs of the
production rendering an output of definite quantity and
quality . The last element means the 'absolute' standard
cost of the same production task. The definition of this
cost is not easy but has primary importance. It is a task
not without difficulty to determine the best possible
technology resources, operation management strategy, etc. in
order to obtain this cost as reference point. However this
effort is crucial primarily for the following two reasons:

(a) Beside the design and technology a third major element
of the competitiveness of a production system is the
production organization. A good example is the success
of just-in-time systems which sometimes produce the same
product with much greater success than a traditionally
organized process. The significance of the product
technology relation can not be neglected. The absolute
standard cost of production forces management to drive
the system in the best possible design, technology and
production organization.

(b) With the appearance of high-value flexible manufacturing
systems the technology utilization obtained greater
emphasis. Many failures of the introduction of new
technology can be derived from the selection of improper
product profile. Sometimes high technology is used only
for the substitution of the traditional one and the
surplus expenditures are not reflected in the output.
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The cost-technology dimensions are to support the
correction of a policy of this kind.

If we examine all the variances it turns out that only some
of them can be considered direct variance. Under 'direct
variance, is meant those costs that actually cause more
expenditures. The indirect variances have to be paid in
every case. Their elimination does not necessarily mean less
cost but the possible recovery of the current cost by
increased revenue. Considering the definition of variances
given in point 2. the value of direct and indirect variances
are the followings:

Vair=Vq™Ve,prtVi,pr (20)

Vindir=VetVi-Ve,prVi,pr (21)

The ratio of (20) and (21) reflects one of the reasons

leading to the change of control issues in high technology
production systems.



5. Simulation model for the examination of variances

In the previous sections we have described the theory and
method by which we suggest the information for cost control
should be calculated. In the following a computational
example will be provided. The absolute value of data used
may be debatable but the ratios (ratio of direct labour
costs, overhead costs, etc.) are based on surveys published
in the literature. Since most of our conclusions are based
on changes in percentage and ratios of values, we strived to
use simple absolute data. It will be borne out by the
analysis, however, that this fact does not affect the
validity of the results.

The principle of the examination is to set up a model for
the calculation of variances. The structure of the model
makes it possible to change the cost characteristics of the
system examined and the data intended to describe a certain
performance condition. The possibility of flexibly changing
the data allows us to examine and compare the variances of
standard costing in different production systems working
under similar conditions, or in the same system exposed to
the change of operation characteristics.

5.1. The structure of the model

Our hypothetical production system is over-simplified in
order to emphasize the main issues we want to examine. The
basic supposition is that only one type of product is
produced and the control period is one month. Also, for the
sake of simplicity immensely aggregated date have been used.
Instead of a detailed list, resources are grouped according
to the following cost categories:

direct material,
direct labor,
variable overhead,
fixed overhead.

The basic data of the model can be grouped as follows:

(a) General data concerning the main characteristics of the
system structure and working conditions (Table 1.):

- total planned cost is the expenditure the system
considers acceptable for this production,

- variable cost ratio is the ratio of direct and
variable overhead costs in the total planned cost,

- available time is the time period available to perform
the planned production,
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(c)

(e)
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relative maximum is the maximum quantity it is
possible to produce considering the capabilities of
the subcontractor, attached processes, etc.,

planned quantity is the output the system is to
provide.

General data concerning the output (Table 1.):

actual quantity produced,
actual time used for the production.

Detailed data of cost and resource utilization standards
(Table la.):

resource utilization standards expressed in terms of
the quantity of resource in one unit of output,
variable cost standards expressed in terms of the
cost paid for one unit of resource,

fixed cost standards expressed in terms of the cost of
indirect resources used during the control period.

Detailed data of technology standards:

standard fixed cost of the technology of production
unit examined (Table 2a.),

detailed data of cost and resource utilization
standards of the  technology of the production
unit examined (Table 2a.),

standard fixed cost of the technology of the 'whole
system' examined (Table 3a.),

detailed data of cost and resource utilization
standards of the technology of the ‘'whole system'
examined (Table 3a.),

standard fixed cost of the technology of the planned
production (Table 4a.),

detailed data of cost and resource utilization
standards of the technology of the planned
production (Table 4a.),

standard fixed cost of the technology of the actual
production (Table 5a.),

detailed data of cost and resource utilization
standards of the technology of the actual
production (Table 5a.).

Detailed data of actual production (Table 6a.):

actual resource utilization expressed in terms of the
quantity of resource in one unit of output,

actual variable costs expressed in terms of the cost
paid for one unit of resource,

actual fixed costs expressed in terms of the cost of
direct resources used during the control period.
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5.2. Generating data for the analysis and simulation

To facilitate analysis of the different kinds of production
systems, auxiliary formulae are used to (¢enerate the
required information. The type of relations applied refers
to the data groups defined in 5.1. respectively:

(a) Generating general data concerning the main
characteristics of the system structure:

- the variable cost ratio serves to set the basic cost
structure of the supposed production system used for
examination.

(b) Generating the general data concerning the output:

- the rejection ratio, expressing the rate of actual and
planned output, serves to set the general working
conditions.

(c) Generating the detailed data of cost and resource
utilization standards (Table 1b.):

- the resource utilization standards are determined
directly,

- the cost standards are generated by the determination
of the ratios of the variable cost components and the
total variable cost.

(d) Generating the detailed data of technology standards
(production unit (Table 2b.), whole system (Table 3b.),
planned production (Table 4b.) and actual production
(Table 5b.)):

- the fixed cost is generated by the determination of
the ratio of change compared to the previously planned
fixed cost,

- the resource usage standards are generated by the
determination of the ratio of changes compared to the
previously planned resource usage standards of the
planned production,

- the cost standards are generated by the determination
of the ratio of changes compared to the previously
planned cost standards of the planned production.

(e) Generating the detailed data of actual production
(Table 6b):

- the actual resource usages are generated by the
determination of the ratio of changes compared to the
resource usage standards of planned production,
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- the actual cost standards are generated by the
determination of the ratio of changes compared to the
cost standards of planned production,

- the total actual cost of the denoted resource
categories are generated by the determination of ratio
of changes compared to the total costs calculated by
the actual resource usage and cost standards.

3. The presentation of results

With the help of the generated data described in 5.1. and

5

.2. we performed the analysis suggested in point 2. The

following results are calculated and presented either in
tables or in the form of graphs:

the variances concerning the different resource categories
in all the three dimensions (Table 7., 8. and 9.),

the sum of the various differences in the several
dimensions (Table 10.),

the ratio of the same variance in different dimensions in
form of a bar chart (Fig. 4a),

the ratio of variances in the total variance in form of a
pie chart (Fig. 5a),

the distribution of variances in the different dimensions
in form of a bar chart (Fig. 6a),

the ratio of dimensions in the total variance in form of a
pie chart (Fig 7a),

the sum of direct and indirect variances in form of pie
chart (Fig 8a),

the change of the variances in function of the variable
cost ratio in absolute and relative values (Fig. 9 and
10).
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6. Experimental calculations, evaluation of the results

6.1. The data and initial conditions applied

The model formulated in the previous points was tested with
a wide range of data. In order to be able to draw
conclusions of general concern a data structure based on
information from the relevant literature was set up. The
results gained are undoubtedly highly dependent on the
initial conditions, therefore it is important to examine the
underlying assumption applied in the generation of the data
structure. In the course of the experimental calculation we
supposed the following:

- From the introduction of computer aided manufacturing in
a traditional job-shop environment a considerable change
in the cost structure of the production system can be
expected. In a conventional job-shop the overhead is
expected to be 10-40%. Due to\the introduction of high
value machines and equipment as well as the changed
requirements of maintenance and work force characteristics
this ratio in a CIM environment is expected to increase up
to 70-90% (Dhavale [1988], Patterson [1984a]).

- Compared to the 5-25% direct labor cost rate in a
traditional job-shop environment a significant drop can be
expected in the case of CIM systems. The expected ratio of
these costs is 1-6% (Dilts and Russell [1985], Patterson
[1984a]).

- In the total cost of the manufacturing of a product a
considerable shift can be experienced from the material
costs to the transformation costs. The significance of
transformation costs as opposed to the direct material
costs presumably will increase (Dhavale [1988]).

- Sensitivity to the changes of both capacity and
technological bottlenecks is a general feature of every
job-shop system. The significance of technology
bottlenecks are increasing in a CIM environment
(Production Engineering [1984], Stecke and Solberg [1985],
Koltai [1986]).

Some further assumptions were applied in order to generate
data describing the current production. Some of these
preconditions were used in order to make some trends
traceable. Others were used to simplify the complexity of
the real situation. The latter do not restrict significantly
the validity of the results. The actual production has the
following characteristics:



24

- The deviation of the resource utilization and cost norms
expressed in percentage are summarized in table 6b.

- It was supposed that the actual production could have been
produced in a system of lower fixed cost, with 10% lower
resource utilization norms and 2.5% lower variable cost
norms. The data used for generating the technological
standards are summarized in table 3b., 4b. and 5b. These
data express the percentage change of fixed cost, variable
cost and resource utilization standards compared to these
data of the planned production.

- While examining the effects of the changing cost structure
we kept the ratios of table 3b., 4b., 5b., and 6b.
constant. This assumption means that for example the
change of the resource utilization norms in terms of
percentage is the same in the traditional technology and
in the CIM environment. We have to emphasize that it does
not mean the equality of the absolute values. It only
means that for example the variable labor cost norm is
exceeded by 10% in both cases but in absolute values it is
a higher change in the traditional technology environment
where the variable 1labor «cost ratio in the total
production cost is higher. This assumption is probably not
always true but can be considered as a compromise in order
to avoid the overly complex situation.

In the experimental calculation two systems having 0.8 and
0.2 variable cost ratio were examined first. The former
represents the traditional technology system while the
latter describes a CIM environment. The detailed data of the
system cost characteristics, resource utilization, cost and
technology standards as well as the result of the actual
production are presented in table la.-6a. After the detailed
variance analysis of the two system we examined the change
of the direct and indirect variances with the change of the
variable cost ratio of the production system.

6.2. Evaluation of results

The results of the detailed variance analysis and the
summary of variances can be found in table 7-10. The visual
representation of the results concerning the system of 0.8
and of 0.2 variable cost ratio can be found in fig. 4a-8a
and 4b-8b respectively.

In fig. 4a and 4b the ratio of the same type of variances in
the different dimensions can be studied. It is borne out by
the figures that the resource utilization variance has much
less significance in the cost quantity dimensions in the
higher fixed cost system than in the lower one. The resource
price variance in the cost-technology dimensions is negative
in both systems, which indicates low planned costs. The



distribution of passive costs has changed too. In the lower
variable cost system the passive cost of the cost-quantity
dimensions is less significant.

In fig 5a and 5b an aggregated form of the variances can be
seen. As is seen in the figures the significant difference
are in the system cost and the resource price variance. Of
course the equal ratio of a variance in both system does not
necessarily mean similarities in the system performance
since the same aggregate data can be composed of different
components. The case of the passive costs well characterizes
this situation.

Figure 6a and 6b show the distribution of the variances in
the different dimensions. It is borne out by the figures
that the distribution of variances both in the cost-quantity
and cost-time dimensions is similar in both systems but
there are changes in the emphasis. The significance of the
cost-quantity dimensions is less in the lower variable cost
system while the cost-time dimensions is more important in
the other one. The distribution of the variances in the
cost-technology dimensions is different.

In fig 7a and 7b the aggregated ratio of the variances
belonging to the specific dimensions are presented. The
dramatic decrease of the variances of the cost-quantity
dimensions and the increase of the variances in the cost-
time dimensions can be experienced in the system of high
fixed cost.

Fig 8a and 8b show the ratio of direct and indirect
variances. The big shift toward the indirect variances in
the system representing the CIM environment is obvious.

Figure 9 presents the change of the absolute values of
direct and indirect variances furthermore the sum of all
variances. We supposed that the total planned cost is the
same but the variable cost ratio is changing between the two
hypothetical extremes, 0 and 1. Every other condition is
similar. Figure 10 shows the same thing but for relative
values. From the figures it is clear that the increase of
the ratio of fixed costs leads to relatively and absolutely
higher indirect variances.
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7. General conclusions

The presented model and the attached calculations have
mainly demonstration purpose. A model based on estimated
data is always manipulable and the conclusions drawn by the
results may be questionable. We think however that the
results of this model taken together with experience of
current management practice relevant to the field, and with
trends we presume will prevail in the future, allows us to
make some general remarks. These remarks try to highlight
the changing emphasis of the control issues in high
technology production systems.

One of the most important results of the train of thought
presented in this paper is to show the increasing
significance of indirect variances. It means that the effort
made to improve resource utilization in a production system
can not necessarily be measured by more favorable cost
performance. In cases of high value, high technology
oriented production systems a major element of the
performance measures is the value of the non producing or
passive resources. Thus the effort of improving the
utilization of direct resources and of keeping to the cost
norms does not necessarily mean the recovery of the high
overheads, and even if it does the system can not
necessarily be considered efficient. This assertion has some
very theoretical and some strongly practical consequences.

One of the more interesting philosophies of today the
entropy world view which observes many phenomena prevailing
in the world in new perspective. Riffkin (1980) applies the
second law of thermodynamics in many spheres of life and
proves its significance in industrial, agricultural,
educational, social, political, and other fields. The very
basic idea is that every energy (or material) transformation
is accompanied by energy dissipation. This energy loss
sometimes shows up very 'far' from the real transformation
process. The more developed the system the further the
dissipated energy can be found and/or the more difficult to
detect. Therefore sometimes it is not easy to measure or
even estimate the energy efficiency of a process. This
perspective suggest that every effort which tries to
incorporate into performance measures the indirect
consequences of a production process brings about a
practical contribution to Riffkin's philosophy. The indirect
variances try to focus on that part of the energy
dissipation which can be controlled in the operation
management sphere.

We would 1like to point out the importance of three
particular changes in relation to the practical
consequences.
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In a high technology environment the overhead control
has particular significance. A considerable part of the
indirect variances comes from the inefficient
utilization of those resources belonging to the system
overhead. In the new environment however overhead
control takes on a new dimension. Efforts can be made to
directly decrease the cost caused the high overhead.
This policy though may have its limitations. The direct
reduction of overhead cost may endanger appropriate
system performance (inefficient maintenance, unstable
energy supply, inappropriate logistics, etc.).
Furthermore overhead control of the system has to focus
on the contribution margin of the products the overhead
were used for.

The efficient performance of the minimum necessary
overhead is again a very complex problem. So far not
much attention has been paid to this question when the
system (company) was apparently successful enough. This
has had severe consequences for the international
competitiveness of American industry (Thurow [1987]).
The inefficient utilization of available technology may
be successful in the short run in a monopoly situation
or an isolated market, but does not lead to long term
stability. This assertion may be justified by the
example of the Japanese success in many industrial
fields versus the failure of many American companies
which have tried to change technology while continuing
to produce the same product structure. The introduction
of the cost-technology dimensions is to enforce the
system toward an efficient performance in terms of the
available technology utilization. In addition referring
back to the entropy philosophy, efficient technology
utilization serves the efficient wutilization of
nonrenewable resources also, by considering more
efficient a less complicated system that results in less
energy dissipation, although sufficient profit can be
ensured even in the more complicated system.

Talking about this issue one might have the feeling that
the topics of this paper belongs more to the strategic
field instead of to the control sphere. This leads to
the second change we are trying to point out.

The interrelation between the control and strategic
issues are becoming stronger. Many problems which up to
now have belonged to the control sphere gain strategic
importance and strategic issues now have stronger impact
on the control area. If we consider the fields that were
touched upon in this study, of which main topic was the
control based on operating costs, we can see that the
strategic field was ineluctable. When we examined the
capacity utilization of the system we found that we had
to consider both control and strategic factors (passive
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cost and system cost). The appearance of the technology
dimension and the increasing emphasis on technology
control shows how strategic issues have become elements
of the control sphere.

Conversely, the increasing role of scheduling also
proves this process. The influence of scheduling on set-
up times and work-in-process inventories indirectly
effects the production management philosophy suitable
for application in a system. In the traditional systems
it was also true, but with the amplified importance of
capacity utilization and inventory issues the set-up
time has acquired strategic importance (Hall [1983]).
The application of just-in-time systems in Japan is a
clear example of the strategic effect of set-up times
(Monden [1983]).

(c) The third change we think worthy of mention is the
increased role of system effects. The system cost in
both the time-cost and technology-cost dimensions tried
to grasp these effects from the cost point of view. The
relatively high system costs direct the attention to the
fact that high technology systems are sensitive to
system interrelationships. Any change in the operating
characteristics of a certain subsystem may change the
site of both the technology and capacity bottlenecks.
Approaching this phenomenon from the other direction,
when changing the technology in a subsystem we may find
the operation of another subsystem becomes inefficient
from cost point of view. The chain of analysis of the
kind presented in this paper might help to answer the
questions raised in this field.

The issues discussed in this section are only parts of a
very complex problem with far-reaching ramifications for
different disciplinary fields. To ignore the interrelated
consequences in managerial accounting, operations
management, process control or even in some human
disciplines may lead only to particular solutions. We took
the risk of making mistakes when using the terminology of
accounting. However our objective was not to do research in
accounting but to understand and highlight issues that might
be interesting for the further research in the control of
modern production systems from operations management point
of view.

Computations presented were to serve the above mentioned
objective. The model, even in this very simple form raised
some interesting questions which are worth to consider at
the control of high technology systems. Further refinement
of the examination shown (introduction of probability
variables, resolution of the constraints applied,
examination of a multy-product situation, etc.) may give us
on one hand a deeper insight into the nature of cost control
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of high technology production systems and on the other hand
may provide efficient means for the operations management in
practice.
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INITIAL DATA CONCERNING THE PRODUCTION SYSTEM

Total planned cost: 100000.00 S

Variable cost ratio 0.80

Available time: 2860.00 hour/period
Relative maximum: 2000.00 pieces/period
Planned production: 1500.00 pieces/period
Reject ratio: 0.20

Actual production: 1200.00 pieces/period
Actual time: 2250.00 hour/period
Maximum quantity: 2200.00 pieces/period
Rel. avail. time: 2600.00 hour/period
Actual standard t.: 1560.00 hour/period

Table la.: COST AND RESOURCE USAGE STANDARDS OF PLANNED PROD.
PLANNED resource usage cost
STANDARDS (quant. /piece) var.($/q.) fix($/period)
Direct material 3.00 7.11
Direct labor 1.30 12.31
Variable overhead 10.00 1.60

Fix overhead

20000.00

Table 1b.
STANDARD resource usage cost (ratio)
(quant. /piece) variable fix
Direct material 3.00 0.40
Direct labor 1.30 0.30
Variable overhead 10.00 0.30

Fix overhead

1.00
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TECHNOLOGY STANDARDS

Table 2a.: PRODUCTION UNIT

Fixed cost:
Variable cost:
Var. cost ratio:

24000.00 $/period
64896.00 $/quantity
0.73

PRODUCTION UNIT

resource usage cost

STANDARDS (quant. /piece) var.($/q.) fix($/period)
Direct material 2.93 7.40
Direct labor 1.27 12.80
Variable overhead 9.75 1.66
Fix overhead 24000.00
Table 2b.
PRODUCTION UNIT resource usage cost (ratio)
STANDARDS (ratio) variable fix
Direct material -0.025 0.04
Direct labor -0.025 0.04
Variable overhead -0.025 0.04
Fix overhead 0.20

Table 3a.: WHOLE SYSTEM

Fixed cost:
Variable cost:

22000.00 $/period
63840.00 $/quantity

Var. cost ratio: 0.74
WHOLE SYSTEM resource usage cost
STANDARDS (quant. /piece) var.($/q.) f£fix($/period)
Direct material 2.85 7.47
Direct labor 1.24 12.92
Variable overhead 9.50 1.68
Fix overhead 22000.00
Table 3b.
WHOLE SYSTEM resource usage cost (ratio)
STANDARDS (ratio) variable fix
Direct material -0.05 0.05
Direct labor -0.05 0.05
Variable overhead -0.05 0.05

Fix overhead

0.10




Table 4a.: ACTUAL PRODUCTION

Fixed cost:
Variable cost:
Var. cost ratio: 0.75
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20400.00 $/period
60800.00 $/quantity

ACTUAL PRODUCTION resource usage

cost

STANDARDS (quant./piece) var.($/q.) fix($/period)
Direct material 3.00 6.76
Direct labor 1.30 11.69
Variable overhead 10.00 1.52

Fix overhead

20400.00

Table 4b.

ACTUAL PRODUCTION resource usage cost (ratio)
STANDARDS (ratio) variable fix

Direct material 0.00 -0.05

Direct labor 0.00 -0.05

Variable overhead 0.00 -0.05

Fix overhead 0.02

Table 5a.: ACTUAL OUTPUT

Fixed cost: 15000.00 $/period

Variable cost: 56160.00 $/quantity

Var. cost ratio: 0.79

ACTUAL OUTPUT resource usage cost

STANDARDS (quant. /piece) var.($/q.) fix($/period)
Direct material 2.70 6.93
Direct labor 1.17 12.00
Variable overhead 9.00 1.56

Fix overhead

15000.00

Table 5b.
ACTUAL OUTPUT resource usage cost (ratio)
STANDARDS (ratio) variable fix
Direct material -0.10 -0.025
Direct labor -0.10 -0.025
Variable overhead -0.10 -0.025

Fix overhead

-0.25
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Fig 1: Cost-quantity dimensions

Cyar §
f(p,q,u)
<+ quantity
Fig 2: Cost-time dimensions
'}
Ctime :
J
£(p,t,u)
5 time
Fig 3: Cost-technology dimensions
Ctech }

f(p,i,u)

> technology




Fig. 4a: The ratio of the same variance

in different dimensions (0.8)
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Fig. 4b: The ratio of the same variance

in different dimensions (0.2)
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Fig. 5a: The ratio of variances in the

totol varionce (0.8)

gystem cost (8.9%)
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Fig. Sh: The ratio of variances in the
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(0.8)

in the different dimensions

Fig. 6a: The distribution of variances
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Fig. 6b: The distribution of variances
in the different dimensions (0.2)
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Fig. 7a: The ratic of dimensions in the
total varionee (0.8)
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Fig. 7b: The ratic of dimensions in the

total vorionce (0,2)
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Fig. 8a: The ratio of direct and

indirect variances (0.8)
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Fig. 8b: The ratio of direct and 49

indirect vorionces (0.2)
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Fig 9 : The change of direct and

indirect variances
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Fig. 10: The ratio of direct and

Indirect varionces
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