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Abstract

Recently there has been renewed academic interest in cost system design issues. In
particular, a number of analytical papers have investigated the impact on the accuracy
of product costs of aggregating overhead cost pools. All of these papers have assumed
that the product costs generated by a "fine" ABC system are correct A different
approach is taken in this paper. Instead of comparing hypothetical product costs, the
accuracy of a costing system is assessed by examining how well the costing system is
able to predict actual changes in cost as a function of actual changes in activity. Actual
activity and cost data for 16 accounts in 40 hospitals spanning 18 years are taken from
the Washington State Department of Health database.

A number of choices must be made when designing a cost system. The choices
considered in this paper are which accounts are to be combined and which activity
measures should be used for the combined cost pools. There is no known practical
method of obtaining an optimal cost system design if the objective is to minimize the
cost system errors, given the number of cost pools in the system. A number of heuristics
are employed in this paper. The heuristic that works best and, as a bonus, requires the
least information, sorts accounts based on their size. The largest K accounts are
assigned to their own cost pools and use their own activity measures. The remaining
accounts are lumped into a miscellaneous cost pool that uses the combined predicted
costs of the other cost pools as its activity measure.

Regardless of the method used to design a costing system, when actual activity
measures are used in the costing system, the cost system errors are large and generally
increase as the costing system becomes less refined through aggregation. The
magnitude of the errors should give pause to those who advocate using ABC systems
for decision-making, performance evaluation, and budgeting.

Keywords: Cost aggregation, ABC
Data Availability: Data can be obtained from the Washington State Department of
Health



Page 3

I. Introduction
The growing popularity of activity-based costing (ABC) since the mid 1980s has

rekindled academic interest in cost system design issues. Traditionally, overhead costs
are accumulated in departmental or organization-wide cost pools and then allocated to
end products or services on the basis of a broad-based measure of volume such as
direct labor hours. In activity-based costing, more overhead cost pools are used and the
bases of allocation may include more refined measures of activity such as the number
of purchase orders processed, the number of engineering change orders implemented,
setup time, quality inspections conducted, and so on. Hopefully, by breaking costs
down into finer cost pools which are then allocated using carefully chosen activity
measures, product and other costs will be more accurate.1 Presumably greater
accuracy will more often than not lead to better decisions.2

In an ideal activity-based costing system, there would be one cost pool for each
activity that generates costs. However, an organization is likely to have thousands of
such primitive activities and some simplification is almost inevitable. Simplification
commonly takes two forms: cost pools are combined and surrogate measures are used
for the activities that really "drive" costs. For example, instead of separately
accumulating and allocating costs associated with quality inspections and with statis-
tical process control, they may be combined into a single cost pool. The "cost aggrega-
tion problem" concerns how many cost pools should be used, which cost pools should
be combined, and which surrogate activity measures should be used for the combined
cost pools.

The objective in this paper is to investigate the impact of cost aggregation on
costing accuracy in real organizations — specifically, hospitals in the state of Wash-
ington. The prior literature has universally assessed a cost system's accuracy by using
product costs computed by a complete ABC system as the benchmark; deviations from
the hypothetical ABC product costs are labeled as errors. 3 And in all but one case,
hypothetical cost data were used. In this paper, the accuracy of a costing system is
assessed by how well the costing system is able to predict the actual change in a
hospital's total cost from one year to the next as a function of actual changes in
activities. Instead of assuming that the ABC model is correct and using the product
costs generated by the ABC model as benchmarks, the accuracy of the costing system is
assessed by comparing predicted changes in costs to actual changes in costs. This
approach would seem to be an attractive alternative — especially since, as argued
below, the empirical evidence supporting the ABC model is tenuous at best.

The academic literature on the cost aggregation problem has focused on product
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costing. However, activity-based costing can be used to assign costs to other objects of
interest to managers such as customers and distribution channels. This paper is
concerned with the impact of changes in activity on total costs. A change in activity
could come about because of changes in product offerings, changes in customers,
changes in distribution channels, etc. Nevertheless, to understand the prior literature, it
is necessary to discuss how product costs are calculated in an ABC system.

The basic idea underlying activity-based costing is that products cause activities
such as setups, purchase orders, etc. which in turn consume costly resources. It is
argued that the costs of those resources should be traced back to the products via the
activities that link the products with the consumption of the resources. In an ABC
system overhead costs are partitioned into a number of cost pools. For example, there
might be cost pools for purchase order processing, machine setups, engineering change
orders, etc. Each cost pool is allocated to products or other cost objects using its own
unique allocation base (i.e., measure of activity). For example, order processing costs
may be allocated to products on the basis of the number of purchase orders processed.
If the total cost in the purchase order cost pool is $100,000 and 1,000 purchase orders
are processed, then the average cost per purchase order is $100. If making a particular
product generates three purchase orders, then the product would be assigned $300 in
purchase order costs. The costs allocated to the product from the various overhead cost
pools are summed and added to the direct costs of the product to arrive at the product's
total cost.

Strong assumptions are made about cost behavior when costs derived from such
an activity-based costing system are used in decision-making, performance evaluation,
or budgeting [Noreen (1991), Christensen & Demski (1995)]. For purposes of this paper,
the key assumptions are that total cost can be partitioned into independent cost pools,
each of which depends only upon a single cost driver, and that the cost in each cost
pool is strictly proportional to its cost driver. 4 This is a necessary precondition for it to
be possible to construct an activity-based costing system that would provide relevant
cost data for decision-making.

Formally, if C is the total cost to be allocated under the ABC system, then it is
assumed that C can be partitioned into cost pools q such that

(1)

Furthermore, it is assumed that for every cost pool q there is a cost driver ct such that
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Ci = pidi	(2)

where p, is the cost per unit of activity for cost pool j. 5 If these assumptions hold, it
follows that

C = Epjdi .	 (3)
i

Decisions, performance evaluation, and budgeting all involve predicting the cost
consequences of changes in activity. For example, altering a company's portfolio of
product offerings will affect the activities performed and the costs that are incurred. If
Ad, is the change in a particular activity resulting from a decision, then the change in
the cost of that activity according to the ABC model is

ACj = piAdj .	 (4)

Finally, if the ABC model is correct, a given percentage change in activity will lead
to an identical percentage change in the associated total cost.

ACi p1AdI- Adi
Ci	 pfil-	 dl-

..._ 	 .,..	 (5)

In other words, if there is a 10% change in the number of purchase orders processed
and the number of purchase orders really "drives" purchasing costs, then there will be
a 10% change in the total costs of processing purchase orders. To be more precise, it is
assumed that there will either be a 10% change in spending on processing purchase
orders or that resources in the purchase order cost pool will be redeployed so that the
net financial effect for the entire organization will be equivalent to a 10% change in
spending.6

A number of recent papers in accounting have investigated the behavior of
overhead costs in real organizations: Foster and Gupta (1990), Banker and Johnston
(1993), Datar, Kekre, Mukhopadhyay, and Srinivasan (1993), Noreen and Soderstrom
(1994), Banker, Potter, and Schroeder (1995), Anderson (1995), Noreen and Soderstrom
(1997), and Balakrishnan, Gruca, and Nath (1996). These studies have examined
different industries and overhead costs and have used different models and statistical
approaches. While most of these studies have interpreted their results as supportive of
activity-based costing, it is striking that nearly all of them have found evidence that is
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inconsistent in one way or another with the ABC model as characterized in equation (3)
above. If there is any consensus, it probably would be that 1) overhead costs are driven
by more than just the traditional volume-based measures of activity such as direct labor
hours and direct labor costs7; 2) the relationship between overhead costs and their cost
drivers is more complex than assumed in the ABC model; and 3) at present we know
very little about what really drives most of the changes in overhead costs over time
within an organization. Banker, Potter, and Schroeder (1995), Noreen and Soderstrom
(1994), and to a lesser extent Balakrishnan, Gruca, and Nath (1996) find that overhead
cost functions typically are nonlinear rather than linear as assumed in the ABC model.
Banker and Johnston (1993), Noreen and Soderstrom (1994), Banker, Potter, and
Schroeder (1995), and Noreen and Soderstrom (1997) find evidence that overhead cost
functions exhibit increasing returns to scale rather than constant returns to scale as
assumed in the ABC model. Datar, Kekre, Mukhopadhyay, and Srinivasan (1993)
conclude that cost pools are interdependent—the level of cost in one cost pool can
materially affect the level of cost in another pool. And finally, evidence presented in
Anderson (1995) and Noreen and Soderstrom (1997) suggests that most of the time-
series variation in overhead costs is not explained by easily obtainable activity
measures.

Even assuming that the ABC model with its strong assumptions about cost
behavior is correct, there are problems in implementing an ABC system. One problem
is that in any real organization there are likely to be thousands of activities that affect
cost, but it would be prohibitively expensive to separately track all of these activities
and their associated costs. Actual implementations usually involve just a handful of
cost pools rather than the hundreds or thousands that an ideal ABC system would
employ. The issue is what primitive cost pools should be combined and what activity
measures should be used for the combined cost pools in a simplified, but practical ABC
system.

This paper investigates the impact of overhead cost pool aggregation on the
accuracy of a costing system. Recent papers by Babad and Balachandran (1993), Gupta
(1993), Hwang, Evans, and Hedge (1993), and Datar and Gupta (1994) have dealt with
this issue. All of these papers presume that the basic ABC model with its strong
assumptions concerning cost behavior is correct. All of the papers use product costs
generated by a complete ABC system as benchmarks for assessing the accuracy of
product costs generated by alternative costing systems. This literature tells us how
product costs generated by various simplified costing systems compare to product costs
generated by a complete ABC costing system; this literature does not necessarily tell us
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how product costs generated by the simplified costing systems compare to "true"
product costs.

Babad and Balachandran (1993) examine the effects of cost pool aggregation on the
accuracy of product costs — assuming that ABC product costs computed using primitive
cost pools are correct. In their model, there is an explicit administrative cost associated
with maintaining a complex ABC system. This cost can be reduced by combining cost
pools and by eliminating activity measures. However, there are also costs that result
from basing decisions on inaccurate product costs. Babad and Balachandran simplify
the cost system by combining primitive cost pools and selecting one of the underlying
cost drivers as the activity measure for the combined cost pool. There are other ways
one might go about reducing the complexity of an activity-base costing system, but this
approach is attractive. There is no need to reallocate costs among cost pools and there is
no need to consider new activity measures. You simply combine cost pools and use one
of the existing cost drivers as the activity measure for the combined cost pool. This
approach to cost system simplification can be characterized as an integer programming
problem in which the costs of maintaining separate cost pools are traded off against the
costs of relying on less accurate product cost data. Unfortunately, it is not generally
feasible to solve such an integer programming problem—there are too many possible
combinations of cost pools and too many possible choices of activity measures. Babad
and Balachandran simplify the objective function in the integer programming problem
by ignoring the possibility that costing errors can be offsetting across cost pools. They
then use a heuristic algorithm to search for an approximate solution to the simplified
problem. The algorithm must have access to all of the data that would be needed to
build a complete ABC system, so it is not clear how practical this approach would be.
Babad and Balachandran did not test their algorithm with real data. An adaptation of
the Babad and Balachandran algorithm is one of the methods used in this paper to
combine cost pools and select activity measures.

Datar and Gupta (1994) theorize that simplifying a costing system by combining
cost pools may in some cases increase costing accuracy. Like all of the other papers in
this area, they assume that the ABC model is a valid representation of the underlying
cost behavior and use the product costs that would be generated by a complete ABC
system as a benchmark in assessing the accuracy of product costs. They reason that
when moving from a more refined to a less refined cost system, the costing errors
induced by the additional layer of simplification may be negatively correlated with the
already-existing costing errors. Hence, the overall error may be reduced. The results in
this paper provide some evidence concerning this conjecture.
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Gupta (1993) designed ABC systems for two companies and compared product
costs generated by the ABC systems with product costs from the companies' traditional
costing systems. Under the assumption that the ABC product costs are correct, the
average error in product costs using the traditional costing systems was 28.7% at one
company and 63.4% at the other. Gupta did not consider intermediate levels of cost
aggregation — his focus was on understanding the determinants of product costing
errors.

Finally, Hwang, Evans, and Hedge (1993) suggest an algorithm for selecting the
allocation base for an aggregated cost pool. In the first step of their algorithm the
activity measure for the largest cost in the combined cost pool is selected as the ten-
tative allocation base for the combined pool. Intuitively, all other things equal, it is
better to correctly assign a large cost than a small cost This simple heuristic forms the
basis for several of the algorithms used in the present study. The succeeding steps in
their algorithm cannot be applied in the present study because the necessary data are
unavailable.

When assessing the accuracy of a costing system, we must have a benchmark — a
measure of "true" cost The prior literature assumes product costs generated by a
complete ABC system are correct However, as discussed above, the empirical literature
provides at best scant support for the strong assumptions about cost behavior made by
the ABC model. In the context of the ABC model, products generate activities and the
activities cause costs. In this paper, the link between activities and costs is investigated.
Whatever causes the changes in activity, a cost accounting model such as ABC assumes
that costs will change in proportion to those changes in activity. We can define a cost
accounting system in terms of what costs will be aggregated and what activity
measures will be used and then use the cost accounting system to predict how total cost
will change as a function of the changes in activities. The advantage of this approach to
assessing a cost system's accuracy is that we do not have to know actual product costs,
we only need to know actual total cost

In the tests of costing system accuracy, activities are measured in two different
ways. In the first series of tests, the costs themselves are used as the measures of their
own activity. This guarantees that the complete ABC model is correct in the sense that
predictions about changes in total cost will be error-free when all of the primitive cost
pools are used. Errors are introduced only when the primitive cost pools are combined.
As in the prior literature, when cost pools are combined one of the activity measures for
the underlying primitive cost pools is selected as the activity measure for the combined
pool. These tests provide some idea of the size of the errors that are induced by
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aggregating cost pools in situations where the ABC model is valid and activities are
measured without error.

In the second series of tests, actual activity measures reported by hospitals to the
Washington State Department of Health (WSDOH) are used. These activity measures
are not perfectly correlated with costs. This could be for a number of reasons. There
could be measurement error in the activity measures or in the costs, the ABC model
may be invalid, or the cost pools used by the WSDOH may already be aggregated from
more primitive cost pools. The tests using actual activity measures provide a better
notion of the magnitude of the costing errors that would be encountered in practice in a
world subject to measurement and aggregation error and in which the ABC model may
not be correct.

II. The data
Direct expenses and units of activity were extracted from the Washington State

Department of Health database for all "revenue", "ancillary", and "non-revenue"
accounts for the years 1977 through 1994 for all reporting hospitals. 8 Revenue accounts
accumulate the direct expenses of services such as intensive care, coronary care, and
acute care. Ancillary accounts accumulate the direct expenses of services such as labor
and delivery, surgical services, recovery room, and anesthesia. Non-revenue accounts
accumulate the direct expenses of services such as laundry and linen, accounting, and
general hospital administration.

Very few hospitals offer all services and even in those hospitals, some services
were not offered throughout the period covered in this study. The objective in selecting
a sample was to obtain complete cost data for as many accounts and hospitals as
possible over the 18 year period from 1977 through 1994. The number of hospitals in
the sample had to be traded-off against the number of accounts included in the sample.
The greater the number of hospitals included in the sample, the lower the number of
accounts for which there was a complete cost data for all 18 years. And the greater the
number of accounts included in the sample, the lower the number of hospitals for
which there was complete cost data for all 18 years. The best compromise seemed to be
attained with the 40 hospitals listed in Table 1 and the 16 accounts listed in Table 2.
Increasing the number of hospitals in the sample would appreciably reduce the number
of accounts with complete data and increasing the number of accounts in the sample
would appreciably reduce the number of hospitals with complete data.9 On average
across all hospitals in the sample the costs in these 16 accounts were 44% of revenues in
1994.
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While the sample has virtually complete cost data, about 11.6% of the activity
measures were missing. In addition, some of the activity data appear to have been
coded or keyed incorrectly. This is a much bigger problem with activity data than with
cost data since the cost data have to articulate with financial statements but there is no
external source for verifying the activity data. To identify potential outliers, all of the
observations were ranked based on the absolute difference between the percentage
change in activity for a year and the percentage change in cost. The largest ten percent
were flagged as potential outhers. 1° For these potential outliers and for the
observations with missing activity data, the percentage change in cost was used as the
measure of the percentage change in activity. In other words, for the missing data and
potential outliers (over 20% of the entire sample), an artificial time series for the activity
measure was constructed with the property that it perfectly predicts changes in costs.
Handling the missing data and potential outliers in this way should result in
overstating the accuracy of costing systems that use real activity measures.

The 40 hospitals in the sample are much larger on average than the hospitals not
in the sample. Referring to Table 1, in 1994 the 40 hospitals in the sample had on
average about four times as many adjusted patient-days, about two and a half times as
many beds, and about four and a half times the revenue as the 50 hospitals not in the
sample. The sample selection criteria discriminate against the smaller hospitals which
tend to offer fewer services and to be younger than the larger hospitals.

The statistical analysis focuses on year-to-year changes in costs and how those
changes relate to changes in activity. Part of the changes in costs are due to changes in
input prices rather than to changes in activity. To adjust for changes in input prices,
costs were deflated using the consumer price index of medical care prices compiled by
the U.S. Bureau of Labor Statistics. 11 Since costing system errors are assessed only for
total costs summed across cost pools, errors caused by overestimates or underestimates
of the inflation rates for particular cost pools will tend to be offsetting.

Descriptive statistics for the annual percentage change in cost for both the raw
(unadjusted) and deflated data are reported in Table 3. Let qt be the total cost for cost
pool (i.e., account) j in year t The annual percentage change in cost is computed by
dividing the change in total cost for a particular account (i.e., cost pool) by the prior
year's total cost for that account.

Percentage Cjt - Cit_i ACit
	 _change in cost - C jt_l	 Cjt_1
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Panel A contains the descriptive statistics for the raw cost data and Panel B for the
deflated cost data. There is a great deal of dispersion in the median percentage cost
changes across accounts and across years. In panel A, the percentage change in the
Medical Care Consumer Price Index is also displayed. The time-series correlation
between the percentage changes in the Medical Care CPI and the mean percentage
changes in cost across all accounts is 0.83. Out of a total of 10,880 annual cost changes
(40 hospitals x 16 accounts x 17 years of cost changes), 19.7% were decreases for the raw
cost data and 43.0% were decreases for the deflated cost data.

Correlations among the changes in costs are reported in Table 4. For example, the
median across hospitals of the correlation between changes in cost for Account 1
(Intensive/Coronary Care) and Account 2 (Acute Care) was 0.53 for the raw cost data
and 0.40 for the deflated cost data. All of the median correlations are positive for the
unadjusted cost data and all but two are positive for the deflated cost data. On average,
the correlations are not large. For the raw cost data, the average correlation in annual
cost changes between accounts was 0.252. The corresponding figure for the deflated
cost change data was only 0.192. If the correlations were closer to 1, the cost system
design would not matter much. It wouldn't make much difference what cost pools
were combined or what allocation bases were selected. However, the fairly low values
for the correlations suggests that the design of the cost system may have a significant
impact on costing accuracy.

The distributions of the relative sizes of the accounts are reported in Table 5. For
each hospital, the average annual cost for a particular account is divided by the average
total annual cost for all 16 accounts to arrive at an index of the relative size of that
account. This index is highly skewed. For both the raw cost data and the deflated cost
data, on average the largest four accounts constitute 49% of the total cost of all 16
accounts. And on average, the smallest four accounts represent only about 6% of the
total cost. As Hwang, Evans, and Hedge (1993) argue, a reasonable cost system design
strategy is to concentrate on the cost pools with the largest costs since, all other things
equal, it is more important to get these costs "right".

III. The measure of overall prediction accuracy
In the ABC model, the overhead rate in a cost pool is computed by dividing the

total cost in the cost pool by the total activity for the cost pool:
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Cjt-i
Overhead rateit-i =

where
Overhead ratqt_i: the overhead rate for cost pool j in year t-1
Cat 1: the total cost in cost pool j in year t-1
mjt_i: the magnitude of the activity measure for cost pool j in year t-1.

If input prices are constant, then under the assumptions of the ABC model the
overhead rate is constant from one year to the next This implies that the total cost in a
cost pool in year t can be estimated by multiplying the overhead rate from year t-1 by
the activity for year t as follows:

-
 Hmj

c jt-1
t

mit-1

where
ejt : the predicted total cost in cost pool j in year t.

For decision-making purposes, the objective is to estimate the change in total cost
that would occur as a consequence of changes in activity. Under the assumption that
input prices are constant, the change in total cost would be estimated as follows in an
ABC model:

/les = tit -

cjt-1 mjt Cjt-1.
Mjt-1

Mjt Mjt-1)
=

mit-1

Thus, according to the ABC system, the percentage change in cost from one year to the
next should equal the percentage change in activity. The estimated changes in costs can
be added across cost pools to arrive at the estimated change in overall cost
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/let = Atit

And the actual changes in costs can be added across cost pools to arrive at the actual
change in overall cost:

ACt = EACit

The absolute percentage error in the estimate of overall cost in year, APE S, is defined as
follows:

APES = ect	 t-Ac

Act

All costs are deflated using the Medical Care Consumer Price Index. At the level of the
individual cost pools, deflating by this broad-based price index will result in mis-
specification of the changes in costs. However, the measure of costing system accuracy
is based on changes in overall costs after summing across all the cost pools. To some
degree, these misspecification errors should cancel each other out.

The overall measure of cost system accuracy used in this paper is the weighted
average absolute percentage error, WAPE, defined as follows:

E(APE t x
WAPE – t

El	 t

Other measures of cost system accuracy could have been used. A popular choice
in the literature is some variation on squared errors since terms involving squared
errors are more amenable to closed-form analytical solutions than terms involving
absolute values. Absolute errors are used here because they are much easier to interpret
than squared errors. WAPE is easily interpreted as the average percentage error in
estimating changes in total cost.

Note that since errors in estimating changes in overall cost are used to assess the
accuracy of the costing system, errors in individual cost pools can offset each other.
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From a decision-making perspective, this is the appropriate level at which to assess
errors since it is the change in total overall cost that is relevant in a decision.

IV. Aggregation errors with perfect activity measures
We assume in this section that activity is measured without error. This is accomplished
empirically by using the cost in an account as its own measure of activity. Thus, if the
cost in a particular account increased by 8% in a given year, we assume that the activity
measure for that account also increased by 8%. And if the activity measure increases by
8%, the ABC model will predict that the cost will also increase by 8%. This is circular
and guarantees that there will be no error in predicting cost changes — providing that
the accounts are not aggregated. However, aggregating accounts can lead to error.
Suppose, for example, that the Intensive/Coronary Care account is combined with the
Surgical Services account in one cost pool. The question then arises as to how the
activity for the composite cost pool will be measured. One could define a new,
composite activity for the cost pool. However, if the underlying activity measures are
part of the composite activity measure, there is no clear advantage to combining the
cost pools. It would still be necessary to collect data concerning all of the underlying
activity measures. Following the prior literature, we assume that the activity measure
for a cost pool is the activity measure for one of the accounts in the cost pool. Thus, the
combined cost pool will be either the activity measure for Intensive /Coronary Care or
the activity measure for Surgical Services. Suppose, for example, that the activity
measure for Intensive/Coronary Care is used as the activity measure for the combined
cost pool. Since we assume that each account's activity is measured without error, there
will be some error involved in the aggregation process. In essence, as a consequence of
the aggregation process Surgical Service must use the wrong activity measure.

A series of choices must be made when aggregating cost pools. First, how many
cost pools should there be? Second, how should the accounts be combined? And third,
which activity measures should be selected for the aggregated cost pools? A method for
obtaining an optimal solution to this problem has not been discovered. In this paper, a
variety of heuristic algorithms are used for making these choices. Some of these
algorithms require minimal information and would be useful in practice—but most of
the algorithms require more information than is likely to be available. Nevertheless, the
results still provide useful data for establishing bounds on the cost system errors that
would be encountered in practice.

Random selection of cost pools and activity measures
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One approach to cost system design is to randomly select how many cost pools
will be used, which costs to combine in the cost pools, and which activity measure to
use within each cost pool. This random approach to cost system design was simulated
100,000 times for each hospital in the sample. The average WAPE measure across all
4,000,000 simulations (100,000 x 40 hospitals) is plotted in Figure 1 as a function of the
number of cost pools used in the costing system. Hopefully, this random design
strategy sets something like an upper bound on the average costing errors that would
be encountered in practice if the ABC model is correct but costs are aggregated. By
construction, if there are 16 cost pools, there is no costing error (WAPE = 0) since the
primitive costs (i.e., accounts) are used as their own activity measures. As the number
of cost pools decreases and the costing systems become less refined, the average costing
errors increase — reaching a maximum of about 1.82 when there is only one cost pool
and the activity measure for the cost pool is selected at random from among the sixteen
available activity measures. In other words, when there is only one cost pool, the
costing system on average misestimates the annual change in cost by about 182%.

An approximation to optimal selection of cost pools and activity measures
At the other extreme, we can set something like a lower bound on the costing

errors by selecting from among the 100,000 randomly simulated costing systems for
each hospital the single random cost system design that minimizes the overall error
(i.e., WAPE) for each level of cost system aggregation. For example, for the first hos-
pital we can search through the WAPE scores for all the simulated costing systems with
five cost pools to find the "best" costing system for that level of aggregation. This
procedure is not guaranteed to find the globally optimal costing systems, but it is likely
to do reasonably well—particularly for small and large numbers of cost pools where
the number of possible design choices are limited. 12 The averages across the 40
hospitals of these "best" system WAPE scores are plotted in Figure 1. As before, by
construction a complete 16 cost pool costing system has no error. Not surprisingly, the
costing system errors for the "best" costing systems are far less than the average costing
system error using the entirely random approach to cost system design. Still, the
costing errors are arguably large when the number of cost pools is reduced to the
number usually found in ABC systems in North America. For example, when eight cost
pools are used, the average costing error is about 20%.

Cost system design based on the relative magnitude of costs
One approach to cost system design is to concentrate on correctly allocating the
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largest accounts. Applying this strategy means, for example, that if one is designing a
cost system with 15 instead of 16 cost pools, the 15 largest accounts would be assigned
first with one to each of the cost pools. In each case, the account would use its own
activity measure. The smallest account would then be assigned in some manner to one
of the 15 cost pools and the combined cost pool would use the larger account's activity
measure. There are a number of methods that could be used for assigning the smallest
account to one of the cost pools. Four different methods are used here. The first method
is to assign the smallest account at random to one of the remaining cost pools. The
second method is to assign the smallest account to the cost pool with which its activity
measure is most highly correlated. The third method is to assign the smallest account to
its own "miscellaneous" cost pool which is then assumed to vary in direct proportion to
the sum of the other costs. So if the costs with their own cost pools are predicted to
grow overall by 10% based on their activity measures, then the costs in the
miscellaneous pool are also predicted to grow by 10%. A version of this method is
sometimes used in practice for administrative and miscellaneous costs and is called the
"value added method" here. The fourth method is to assign the smallest account to the
cost pool that would minimize the cost system's overall error. This is done sequentially.
After the K largest accounts have been assigned to their own cost pools, the K+1th
largest account is assigned to the cost pool that would minimize the resulting overall
cost system error (as measured by WAPE). Then the K+2th largest account is assigned
and so on. While this method requires more information than is likely to be available, it
helps to set a lower bound on the errors that can be expected using the size heuristic to
design a costing system.

In this paper the relative size of the accounts within a hospital is measured by
their average total costs across all years. The results of applying these four algorithms
are plotted in Figure 1. By construction, the algorithm that assigns small accounts in
order to minimize the costing errors sets a lower bound for the other three algorithms.
It is interesting that the "value added" method uniformly beats the method that assigns
smaller accounts based on correlations. The "value added" method requires relatively
little information and would be easy to implement. The method also usually performs
better than the two methods discussed next which are considerably more complex and
that require much more information.

Cost pool aggregation based on cluster analysis
K-means cluster analysis was used to identify clusters of accounts that are "sim-

ilar" with respect to their annual percentage changes in costs. The cluster analysis was
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repeated fourteen times for each hospital in order to identify two through 15 clusters.
The accounts assigned to a particular cluster were all assigned to a single cost pool and
the activity measure for the combined cost pool was the activity measure for the largest
account in the pool. The results of applying this algorithm also appear in Figure 1. This
method is dominated by the much simpler "value added" method.

Cost pool aggregation using an adaptation of Babad and Balachandran's algorithm
Babad and Balachandran propose an algorithm for designing a costing system

based on a solution approach to the "knapsack" problem in operations. As discussed
above, the heuristic actually solves a simplified version of their objective function
which ignores interactions among cost pool errors. And the method requires full
information concerning all of the primitive costs and their activity measures.
Nevertheless, it is instructive to see how well their algorithm performs for the sample
in this study.

To adapt their method for this study, the objective function was redefined to
minimize the sum across all cost pools of a measure of the cost pool costing error. The
cost pool costing error was defined to be the average across all years of the absolute
percentage prediction error for the change in total cost for the cost pool. Minimizing
this objective function is not equivalent minimizing WAPE since it ignores offsetting
cost pool errors. The results of applying this algorithm are reported in Figure 1. The
points plotted in Figure 1 represent the average results across all hospitals for which
the adapted Babad and Balachandran algorithm traversed through or terminated with
the indicated number of cost pools. For example, for one cost pool the average WAPE is
slightly more than 1.00 and represents the average WAPE across 24 hospitals. The
algorithm terminated before reaching a single cost pool for the other 16 hospitals. For
this reason, the results for this algorithm for one and two cost pools are not strictly
comparable to the results for the other algorithms. All of the other algorithms were
forced to design costing systems—no matter how faulty—for all hospitals. With the
exception of these two noncomparable points, the much simpler "value added"
algorithm generally dominates the adapted Babad and Balachandran algorithm.

Summary of the results for the case in which the ABC model is assumed to be correct
and the cost drivers are measured without error

The "value added" method of designing a cost system appears to perform rela-
tively well — particularly given its minimal information requirements. This method first
sorts costs on the basis of their relative sizes and assigns the largest K costs to K
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separate cost pools. The remaining costs are then lumped into one miscellaneous cost
pool which is then allocated based on the sum of the costs in the other K cost pools.
There may be better algorithms for designing a cost system that make use of similarly
limited information. Finding such algorithms remains a challenge.

The costing errors induced by using the "value added" algorithm to design cost-
ing systems are rather large. When the number of cost pools is reduced from 16 to 10,
the costing error increases from 0 to about 0.2 and the errors quickly go up from there.
A costing error of 0.2 means that on average, the costing system misestimates the
change in total cost from one year to the next by 20%. And this error occurs even
though by construction the ABC model is correct and the fundamental cost drivers are
measured without error.

An open question at this point is whether the cost system errors are a function of
the absolute number of cost pools used in the system or a function of the number of cost
pools used in the simplified system relative to the number of cost pools that would be
used in a complete ABC system. Since the number of cost pools in a complete ABC
system is likely to be very large for any moderately complex organization, this is an
important issue. If costing errors become unacceptable when only half the number of
potential cost pools are used in the costing system, the implication is that it may not be
practical to build an ABC system that generates acceptable costing errors.
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V. Cost aggregation errors when real activity measures are used
In the previous section it was assumed that the ABC model is correct and that cost

drivers are measured without error. These assumptions were satisfied by using the
costs in the accounts as their own activity measures. In this section, the actual activity
measures reported by the hospitals are used to predict changes in costs. So for example,
if the number of patient days in Intensive/Coronary Care increases by 12%, the
prediction is that the (inflation adjusted) costs of Intensive/Coronary Care would also
increase by 12%.

When the actual activity measures are used, cost system errors could be due to at
least the following four factors. First, the Medical Care Consumer Price Index may not
adequately reflect changes in input prices in accounts; although errors caused by
overestimates and underestimates of the inflation rates in particular cost pools will tend
to be offsetting when the costs are aggregated in the measure of overall system
accuracy, WAPE. The measure of cost system error, WAPE, is a function of errors in
predicting overall total costs and not the costs in particular cost pools. Second, the ABC
model may be incorrect the costs in an account may not be strictly proportional to
activity. Third, the cost driver and/or the cost itself may be measured with error. And
fourth, the accounts used in this study may already be aggregated from more primitive
cost pools.

All of the cost system design algorithms applied in the previous section were
reapplied using real activity measures. The results are reported in Figure 2. First, the
average error with all 16 cost pools is large when the actual activity measures are used
to predict changes in costs.13 On average, a 16 cost pool system misestimates changes in
total costs by about 50%. Second, the "value added" algorithm still performs quite well
relative to the more information-intensive and complex alternatives. Third, the Datar
and Gupta conjecture that simplifying a cost system may increase costing accuracy is
supported in some instances. The accuracies of the "best" cost systems do increase as
costs are aggregated from 16 down to about 9 cost pools. To some degree this may be
due to "overfitting" the data. The "best" cost systems were selected as the result of ex-
post fitting of the data. It is not clear whether this phenomenon would arise if the cost
system were selected without this advance knowledge. Indeed, all of the heuristic
approaches to designing a cost system exhibit decreasing accuracy as the cost system
becomes coarser.

Finally, the magnitudes of the costing errors even with the "best" costing systems
are quite large and should give some pause to those who advocate using ABC costing
systems for decision-making, performance evaluation, and budgeting.
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VI. Conclusion
Recent papers dealing with cost system design have all assumed that the product

costs generated by a "fine", unaggregated, ABC system are correct. The typical
approach is to use hypothetical data to assess the loss in costing system accuracy that
occurs as the result of aggregating cost pools. A different approach is taken in this
paper. Instead of comparing hypothetical product costs, costing system accuracy is
assessed by examining how well the costing system is able to predict actual changes in
cost as a function of actual changes in activity in real hospitals.

A number of choices must be made when designing a cost system. The choices
considered in this paper are which accounts are to be combined and which activity
measures should be used for the combined cost pools. There is no known practical
method of obtaining an optimal cost system design if the objective is to minimize the
cost system errors, given the number of cost pools in the system. A number of heuristics
are used in this paper. The heuristic that works best, and that also happens to require
the least information, sorts accounts based on their size. The largest K accounts are
assigned to their own cost pools and use their own activity measures. The remaining
accounts are lumped into a miscellaneous cost pool that uses the combined predicted
costs of the other cost pools as its activity measure.

Regardless of the method used to design a costing system, when actual activity
measures are used in the costing system, the cost system errors are large and generally
increase as the costing system becomes less refined through aggregation. The
magnitude of the errors should raise questions about the wisdom of using ABC systems
for decision-making, performance evaluation, and budgeting.
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Endnotes

1 As discussed later in the paper, Datar and Gupta (1994) show that a more refined cost

system does not necessarily produce more accurate product costs than a less refined

cost system.

2 However, Banker and Potter (1993) suggest that under certain conditions, it may be

optimal for an oligopolist to use a traditional costing system even though it is less

accurate if the product costs are used as a basis for collusive pricing. For entirely dif-

ferent reasons, Merchant and Shields (1993) also argue that a less accurate costing

system may be preferred to a more accurate costing system.

3 The term "complete" ABC system in this paper refers to an ABC system in which

there is no simplification; all potential cost pools and cost drivers are used in the

system. Cost pools are not combined and the real cost drivers are used as activity

measures.

4 In the ABC literature, the term cost driver is often used to denote anything that causes

significant variation in a cost pool's total cost or in its average cost per unit. For example,

when used to refer to total cost, the number of purchase orders processed might be

considered to be the cost driver for purchase order costs even though the total cost may

not be strictly proportional to the number of purchase orders processed. We should

keep in mind that strict proportionality is required for the ABC model to be valid in

making decisions. When used to refer to average cost, a cost driver is something that

explains why the cost per purchase order is higher in one organization than in another.

The dual meanings of the term "cost driver" can lead to confusion.

An attempt is made in this paper to be consistent in the way the key terms "cost

driver" and "activity measure" are used. In this paper, a "cost driver" is an underlying
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activity that actually "drives" an overhead cost in the strict sense that the total amount

of the overhead cost is proportional to the cost driver. The terms "allocation base" and

"activity measure" are used interchangeably. An activity measure is used to allocate

costs. The allocation base (i.e., activity measure) used in an activity-based costing

system for a particular cost pool may or may not be the actual cost driver for the cost

5 The cost per unit of activity theoretically is the product of a fixed amount of resources

consumed per unit of activity and a fixed price per unit of resource consumed. The

consumption of resources is assumed to be strictly proportional to activity and the cost

of resources consumed is assumed to be strictly proportional to the amount of the

resources consumed.

6 Cooper and Kaplan (1991, 1992) caution that changes in activity may not automatically

lead to immediate changes in spending or redeployment of resources. These effects

may be felt only after a time lag or they may not be felt at all unless management takes

conscious actions to reduce or redeploy overhead resources. The practitioner literature

rarely includes such warnings.

Noreen and Soderstrom (1997) find for their sample of hospitals that virtually all of

the financial effects of changes in activity, if any, occur in the same year as the change

in activity.

7 There is an exception. In a cross-sectional study of manufacturing facilities at one

electronics company, Foster & Gupta (1990) find that manufacturing overhead cost is

more highly correlated with traditional volume-related allocation bases than with

transactional allocation bases advocated in the ABC literature. Banker, Potter, and

Schroeder (1995) criticize the econometric methods used in Foster & Gupta which rely

on bivariate correlation analysis and argue that multiple regression analysis should be

used instead. In their own study of manufacturing overhead costs in 32 different plants

in three different industries, Banker, Potter, and Schroeder use four "transactional
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variables" in addition to direct labor cost as explanatory variables. The main result of

their study is that most of cross-sectional variation in manufacturing overhead costs is

explained by these transactional variables, rather than the more traditional volume

measure direct labor cost (Several of these transactional variables can be criticized on

the grounds that they are measures of overhead resources supplied rather than

measures of activity.) Interestingly, when the transactional variables are removed as

explanatory variables from their multiple regression model, Banker, Potter, and

Schroeder are unable to reject the null hypothesis that manufacturing overhead is

strictly proportional to direct labor cost. The strong ex-post correlations between direct

labor and manufacturing overhead costs observed in both the Foster and Gupta and

Banker, Potter, and Schroeder studies could be an artifact of budgetary control systems

that are based on direct labor. If the budgetary control system assumes that

manufacturing overhead is proportional to direct labor and spending is authorized on

that basis, it would not be surprising to observe that manufacturing overhead is ex-post

correlated with direct labor.

8 The direct expense for an account was computed as the sum of the following items in

the Washington State Department of Health database: Salaries & Wages, Employee

Benefits, Professional Fees, Supplies, Purchased Services-Utilities, Purchased Services-

Other, Rental/Lease, Depreciation, and Other Direct Expense. All of these costs are

directly traced to the account.

A total of 30 hospitals in the sample reclassified emergency room physicians'

salaries as Professional Fees rather than as an indirect expense in 1989 due to deregu-

lation of hospital rates. Prior to that time, the WSDOH required that physicians' salaries

be excluded from the direct expenses of the emergency room since physicians' salaries

were not subject to regulation. This was the only major reclassification of expense that

during the period covered by this study. For the hospitals that made this change in

1989, emergency room physicians' salaries were separately disclosed prior to 1989 but

not after 1989. To avoid a discontinuity in the time series, for these 30 hospitals
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emergency room direct expenses were adjusted downward after 1989 in a way that

assumed emergency room physicians' salaries changed at the same rate as other

emergency room direct expenses.

9 Actually, there were nine missing observations of direct expense (i.e., cost) out of a

total of 11,520 observations (40 hospitals x 16 accounts x 18 years = 11,520 observa-

tions). For these nine missing observations, direct expense was estimated by extra-

polating from the two chronologically nearest observations for that hospital and that

account, assuming a constant rate of growth.

10 For the ten percent of the observations that were flagged as potential outliers, the

absolute difference between the percentage change in activity and the percentage

change in cost was 0.372 or greater. For all of these observations, the actual percentage

change cost was used as the measure of the percentage change in activity instead of the

actual percentage change in activity.

u Ideally, each account would have its own specific input price index. An attempt was

made to construct such price indices by tracking the changes in the average cost per

unit of activity from year to year for each hospital and each account Under the

assumption that costs are strictly proportional to activity, changes in the average cost

per unit of activity should be due to changes in the prices of inputs. Unfortunately, this

approach to estimating account-specific prices indices was unsuccessful. The estimated

inflation rates for a given account and a given year using this method were extremely

inconsistent across hospitals. In addition, the estimated inflation (and deflation) rates

were usually too large to be credible. This erratic behavior of the average cost per unit

of activity may be due to violation of the underlying assumption that cost is strictly

proportional to activity. See Noreen & Soderstrom (1994) and Noreen and Soderstrom

(1997) for evidence bearing on this issue. The average cost per unit of activity declines

as activity increases even if input prices are constant
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12 When there are 16 cost pools, there is only one possible cost system design. Each

account is assigned to its own cost pool and uses its own activity measure. When there

is only a single cost pool, there are sixteen possible choices. While all sixteen accounts

must be assigned to the single cost pool, any of the sixteen accounts could have its

activity measure chosen as the activity measure for the combined cost pool. The

number of possible cost system designs are largest for the intermediate levels of

aggregation.

13 As discussed in an earlier section, over 20% of the observations of activity measures

were missing or designated as potential outliers. For these observations, artificial

activity measures were constructed to be perfectly correlated with changes in costs. Due

to the presence of these perfect activity measures for over 20% of the observations, the

costing system errors estimated here are likely to be understated.



Page 26

References

Anderson, Shannon, 1995, Measuring the impact of product mix heterogeneity on
manufacturing overhead cost, The Accounting Review 70 (July): 363-387.

Babad, Yair and Bala Balachandran, 1993, Cost driver optimization in activity-based
costing, The Accounting Review 68 (July): 563-575.

Balakrishnan, Ramji, Thomas Gruca, and Deepika Nath, 1996, The effect of service
capability on operating costs: and empirical study of Ontario hospitals, Contem-

porary Accounting Research 13 (Spring): 177-207.

Banker, Rajiv and Gordon Potter, 1993, Economic implications of single cost driver
costing systems, Journal of Management Accounting Research 5 (Fall): 15-32.

Banker, Rajiv, Gordon Potter, and G. Schroder, 1995, An empirical analysis of
manufacturing overhead cost drivers, Journal of Accounting and Economics 19
(February): 115-134.

Banker, Rajiv, and Holly Johnston, 1993, An empirical investigation of cost drivers in
the US airline industry, The Accounting Review 68 (July): 576-601.

Christiansen, John and Joel S. Demslci, 1995, The classical foundations of 'modern'
costing, Management Accounting Research 6:13-32.

Cooper, Robin and Robert S. Kaplan, 1991, Profit priorities from activity-based costing,
Harvard Business Review (May-June): 130-135.

Cooper, Robin and Robert S. Kaplan, 1992, Activity-based systems: measuring the costs
of resource usage, Accounting Horizons 3 (September): 1-13.

Datar, Srikant, Sunder Kekre, Tridas Mukhopadhyay, and Kannan Srinivasan, 1993,
Simultaneous estimation of cost drivers, The Accounting Review 68 (July): 602-614.

Datar, Srikant and Mahendra Gupta, 1994, Aggregation, specification, and measure-
ment errors in product costing, The Accounting Review 69 (October): 567-591.



Page 27

Foster, George and Mahendra Gupta, 1990, Manufacturing overhead cost driver
analysis, Journal of Accounting and Economics 12: 309-337.

Gupta, Mahendra, 1993, Heterogeneity issues in aggregated product costing systems,
Journal of Management Accounting Research 5: 180-212.

Hwang, Yuhchang, John H. Evans III, and Vishwanath Hedge, 1993, Product cost bias
and selection of an allocation base, Journal of Management Accounting Research 5
(Fall): 213-241.

Merchant, Kenneth and Michael Shields, 1993, When or why to measure costs less
accurately to improve decision making, Accounting Horizons 7(2): 76-81.

Noreen, Eric & Noami Soderstrom, 1994, Are overhead costs strictly proportional to
activity? Evidence from hospital service departments, Journal of Accounting and

Economics 17: 255-278.

Noreen, Eric & Noami Soderstrom, 1997, The Accuracy of Proportional Cost Models:
Evidence from Hospital Service Departments, Review of Accounting Studies:

forthcoming.

1



Table 1
Hospitals in the Sample

Data are for 1994

Adjusted Total Beds Total
Hospital Name Patient Days Available Revenue
Affiliated Health Services 45,248 194 93,043,730
Central Washington Hospital 45,418 176 62,173,890
Children's Hospital & Medical Center 66,240 208 152,256,000
Community Memorial Hospital 8,041 38 12,630,956
Deaconess Medical. Center 84,982 399 197,921,876
Evergreen Hospital Medical Center 51,590 149 101,004,413
Good Samaritan Hospital 67,920 213 116,837,506
Grays Harbor Community Hospital 23,086 172 59,668,587
Harborview Medical Center 126,491 321 235,474,737
Harrison Memorial Hospital 69,524 272 97,515,476
Highline Community Hospital 54,422 200 100,368,601
Island Hospital 12,798 43 23,330,805
Jefferson General Hospital 8,442 29 14,338,909
Kadlec Medical Center 40,402 144 72,604,492
Olympic Memorial Hospital 28,495 118 39,869,410
Our Lady Of Lourdes Hospital 19,187 132 36,533,619
Overlake Hospital Medical Center 64,299 225 126,461,323
Providence Gen Medical Center - Colby 35,886 151 99,770,984
Providence Gen Medical Center - Pacific 57,592 176 109,652,260
Providence Hospital Centralia 28,591 156 53,779,048
Providence Hospital Toppenish 11,460 48 16,419,761
Providence Medical Center 108,307 343 259,179,000
Providence Yakima Medical Center 53,859 184 92,660,462
Sacred Heart Medical Center 185,475 623 366,050,054
Saint Johns Medical Center 64,215 193 92,624,653
Saint Mary Medical Center 28,754 126 57,934,697
Saint Peter Hospital 76,976 314 185,567,255
Samaritan Hospital 14,714 50 23,929,906
Southwest Wash. Medical Center 97,337 310 166,901,075
Stevens Memorial Hospital 59,551 184 95,695,792
Swedish Medical Center 190,191 589 376,259,778
Tacoma General Hospital 89,702 263 185,015,481
Tri-State Memorial Hospital 9,764 36 16,292,144
University Of Washington Medical Center 135,255 377 277,602,817
Valley General Hospital 10,032 72 16,707,364
Valley Medical Center 76,832 204 124,997,601
Virginia Mason Hospital 189,271 267 367,255,344
Walla Walla General Hospital 11,160 52 25,462,830
Willapa Harbor Hospital 3,325 18 6,182,926
Yakima Valley Memorial Hospital 61,094 200 90,923,749

Average for 40 hospitals in sample 60,398 199 116,222,483
Average for 50 hospitals not in sample 15,335 74 25,131,308
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Table 2
Accounts in the Sample

Account Account name Activity measure

1 6010 Intensive care unit Number of patient days for intensive care unit

2 6070 Acute care Number of patient days for acute care unit

3 7020 Surgical services Number of operating minutes

4 7050 Central services Number of line items sold to patients

5 7070 Laboratory Billable tests

6 7140 Radiology-diagnostic Relative Value Units

7 7170 Pharmacy Number of line items sold to patients

8 7180 Respiratory services Number of treatments

9 7230 Emergency room Number of visits to emergency room.

10 8320 Dietary Number of patient meals served

11 8350 Laundry and linen Number of dry and dean pounds processed

12 8430 Plant Number of gross square feet

13 8460 Housekeeping Hours of service

14 8510 Accounting Average number of hospital employees

15 8610 Hospital administration Number of FTE employees

16 8690 Medical records Number of inpatient admissions plus 1/8 of
total emergency room and clinic visits

Note: See the Appendix for more detailed descriptions of what each account contains and how the units
of activity are measured.



Table 3 Descriptive
Statistics

Panel A: Annual Percentage Changes in Cost, Unadjusted for Price Changes

1. Median percentage change in annual cost across hospitals
(Each cell represents the median across 40 hospitals of the percentage change in cost from the prior year.)

1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 mean
Intensive care unit 13.4% 19.3% 24.7% 25.1% 16.8% 16.7% 3.9% 6.3% 6.9% 16.6% 15.4% 6.6% 8.5% 11.1% 11.5% 3.9% 4.9% 11.9%
Acute care 11.5% 14.0% 17.1% 20.7% 14.4% 8.1% -0.2% -1.5% 4.5% 7.7% 10.4% 7.6% 16.2% 13.5% 8.7% 3.3% -9.3% 8.6%
Surgical services 12.7% 13.4% 17.1% 21.3% 13.0% 7.1% 8.2% 6.8% 10.5% 12.8% 13.5% 9.9% 17.0% 18.2% 16.1% 9.4% 3.4% 12.4%
Central services 10.6% 19.7% 20.7% 19.0% 17.9% 16.4% 5.1% 5.6% 8.7% 10.2% 13.2% 7.4% 14.8% 10.0% 11.6% 6.6% -4.5% 11.4%
Laboratory 13.6% 17.5% 18.3% 20.9% 22.9% 14.0% 2.4% 2.3% 5.7% 7.5% 7.3% 8.8% 11.2% 13.1% 12.9% 2.4% -0.7% 10.6%
Radiology-diagnostic 18.5% 13.7% 22.8% 19.7% 9.9% 13.0% 10.8% 4.5% 7.7% 12.5% 13.0% 8.4% 10.8% 17.5% 14.1% 3.3% -2.8% 11.6%
Pharmacy 16.7% 17.7% 14.3% 17.9% 19.8% -5.7% 0.8% 5.7% 7.4% 9.9% 12.2% 11.1% 15.6% 17.5% 17.8% 5.9% -0.7% 10.8%
Respiratory services 12.7% 10.6% 22.4% 20.4% 17.7% 14.2% 3.5% 5.3% 6.6% 7.1% 10.3% 7.6% 8.9% 11.0% 7.9% 4.1% -1.8% 9.9%
Emergency room 14.3% 19.3% 14.8% 22.7% 9.5% 6.8% 7.6% 6.1% 11.4% 12.3% 19.1% 17.5% 17.1% 15.8% 19.5% 7.8% -0.2% 13.0%
Dietary 7.4% 11.2% 15.2% 13.9% 10.0% 7.6% 0.8% -1.2% 4.6% 4.3% 5.0% 7.7% 7.6% 11.5% 6.3% 3.6% -2.6% 6.6%
Laundry and linen 10.4% 11.8% 16.6% 19.6% 7.8% 7.3% -3.3% -1.6% 2.5% 4.4% 3.3% 3.3% 6.4% 7.3% 4.2% 3.5% -1.11
Plant 17.6% 13.9% 20.5% 18.3% 16.4% 7.0% 9.1% 3.3% -0.4% 6.6% 6.0% 3.8% 9.9% 9.5% 6.8% 9.0% 1.59 9.3%
Housekeeping 11.1% 11.7% 14.1% 16.6% 12.0% 7.8% 5.8% 2.5% 3.1% 4.9% 5.9% 7.2% 8.1% 10.0% 11.3% 5.0% -1.8% 8.0%
Accounting 13.9% 11.9% 10.3% 21.8% 16.0% 9.1% 6.3% 4.1% 8.5% 7.2% 6.8% 6.6% 10.2% 11.6% 12.4% 5.4% 1.0% 9.6%
Hospital admin. 6.2% 15.7% 13.1% 27.1% 15.0% 14.4% 9.5% 11.8% 6.6% 9.9% 12.1% 13.1% 15.0% 19.9% 8.6% 9.6% 1.4% 12.3%
Medical records 15.5% 12.0% 13.8% 20.8% 14.0% 14.5% 10.6% 4.8% 8.2% 7.6% 10.5% 10.3% 11.7% 13.1% 14.6% 4.8% 0.7% 11.0%

mean 12.9% 14.6% 17.2% 20.4% 14.6% 9.9% 5.1% 4.1% 6.4% 8.8% 10.3% 17.1% 11.8% 13.2% 11.5% 5.5% -1.4% 10.7%
Medical Care CPI 8.4% 9.2% 11.0% 10.7% 11.6% 8.8% 6.2% 6.3% 7.5% 6.6% 6.5% 7.7% 9.0% 8.7% 7.4% 5.9% 4.8% 8.0%

• The correlation between the mean across accounts and the Medical Care CPI is 0.83

2. Percentage of 10,880 observations for which cost decreased: 19.7%
(10,880 observations = 40 hospitals x 16 accounts x 17 years)



Panel B: Annual Percentage Changes in Cost, Adjusted for Price Changes using the Medical Care Consumer Price
Index

1. Median percentage change in annual cost across hospitals
(Each cell represents the median across 40 hospitals of the percentage change in price-level adjusted cost from the prior year.)

1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 mean
Intensive care unit 4.6% 9.2% 12.3% 13.0% 4.6% 7.2% -2.2% 0.0% -0.5% 9.4% 8.4% -1.0% -0.5% 2.2% 3.8% -1.9% -9.2% 3.5%
Acute care 2.8% 4.4% 5.4% 9.1% 2.5% -0.7% -6.1% -7.3% -2.8% 1.0% 3.7% -0.1% 6.6% 4.4% 1.2% -2.5% -13.4% 0.5%
Surgical services 4.0% 3.8% 5.5% 9.6% 1.2% -1.5% 1.9% 0.5% 2.8% 5.8% 6.6% 2.0% 7.3% 8.7% 8.1% 3.3% -1.3% 4.0%
Central services 2.0% 9.6% 8.7% 7.5% 5.7% 7.0% -1.1% -0.7% 1.2% 3.4% 6.3% -0.3% 5.4% 1.2% 3.9% 0.6% -8.8% 3.0%
Laboratory 4.8% 7.6% 6.5% 9.3% 10.1% 4.8% -3.6% -3.8% -1.7% 0.9% 0.8% 1.1% 2.0% 4.0% 5.1% -3.3% -5.2% 2.3%
Radiology-diagnostic 9.4% 4.1% 10.6% 8.1% -1.6% 3.8% 4.3% -1.7% 0.2% 5.5% 6.1% 0.6% 1.7% 8.1% 6.3% -2.5% -7.3% 3.3%
Pharmacy 7.6% 7.8% 2.9% 6.5% 7.3% -13.3% -5.1% -0.6% -0.1% 3.1% 5.4% 3.2% 6.1% 8.1% 9.7% -0.1% -5.2% 2.5%
Respiratory services 4.0% 1.3% 10.2% 8.8% 5.5% 5.0% -2.5% -1.0% -0.8% 0.5% 3.6% -0.1% 0.0% 2.1% 0.5% -1.8% -6.3% 1.7%
Emergency room 5.4% 9.3% 3.5% 10.8% -1.9% -1.8% 1.3% -0.2% 3.6% 5.3% 11.8% 9.1% 7.4% 6.6% 11.3% 1.8% -4.7% 4.6%
Dietary -1.0% 1.8% 3.8% 2.9% -1.4% -1.1% -5.1% -7.1% -2.7% -2.2% -1.4% 0.0% -1.3% 2.6% -1.0% -2.2% -7.0% -1.3%
Laundry and linen 1.8% 2.4% 5.0% 8.0% -3.4% -1.4% -8.9% -7.5% -4.6% -2.0% -3.0% -4.0% -2.4% -1.2% -2.9% -2.3% -5.8% -1.9%
Plant 8.5% 4.3% 8.5% 6.8% 4.3% -1.7% 2.8% -2.8% -7.3% 0.0% -0.5% -3.6% 0.8% 0.7% -0.5% 2.8% -3.1% 1.2%
Housekeeping 2.5% 2.3% 2.8% 5.3% 0.4% -0.9% -0.4% -3.5% -4.1% -1.6% -0.6% -0.5% -0.8% 1.2% 3.6% -0.9% -6.3% -0.1%
Accounting 5.0% 2.5% -0.7% 10.1% 3.9% 0.3% 0.1% -2.0% 0.9% 0.6% 0.3% -1.0% 1.1% 2.7% 4.6% -0.5% -3.6% 1.4%
Hospital admin. -2.0% 5.9% 1.9% 14.8% 3.0% 5.1% 3.1% 5.2% -0.8% 3.1% 5.2% 5.0% 5.5% 10.3% 1.1% 3.4% -3.3% 3.9%
Medical records 6.6% 2.5% 2.5% 9.1% 2.1% 5.3% 4.2% -1.4% 0.6% 0.9% 3.8% 2.4% 2.5% 4.1% 6.7% -1.1% -3.9% 2.8%

mean 4.1% 4.9% 5.6% 8.7% 2.7% 1.0% -1.1% -2.1% -1.0% 2.1% 3.5% 8.7% 2.6% 4.1% 3.8% -0.5% -5.9% 2.4%

2. Percentage of 10,880 observations for which cost decreased: 43.0%
(10,880 observations = 40 hospitals x 16 accounts x 17 years)



Table 4
Correlations Among Annual Percentage Cost Changes

Panel A: Raw (unadjusted) cost data

Median correlations between accounts
(Each cell represents the median across 40 hospitals of the correlation between the two indicated accounts.)

Account Account Account Account Account Account Account Account Account Account Account Account Account Account Account Account

Account
Account
Account
Account
Account
Account
Account
Account
Account
Account
Account
Account
Account
Account
Account
Account

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16

1
1.00
0.53
0.30
0.32
0.38
0.32
0.39
0.50
0.23
0.24
0.24
0.16
0.38
0.20
0.12
0.35

2

1.00
0.35
0.37
0.50
0.29
0.45
0.50
0.40
0.27
0.37
0.21
0.50
0.23
0.28
0.41

3

1.00
0.13
0.29
0.18
0.29
0.23
0.38
0.10
0.13
0.29
0.30
0.19
0.08
0.33

4

1.00
0.29
0.31
0.33
0.22
0.27
0.23
0.12
0.17
0.25
0.21
0.04
0.37

5

1.00
0.46
0.49
0.45
0.43
0.28
0.36
0.14
0.53
0.27
0.21
0.47

6

1.00
0.32
0.30
0.38
0.31
0.15
0.13
0.27
0.25
0.14
0.41

7

1.00
0.35
0.45
0.30
0.24
0.29
0.38
0.26
0.17
0.43

8

1.00
0.23
0.35
0.32
0.15
0.40
0.25
0.12
0.38

9

1.00
0.22
0.22
0.25
0.28
0.15
0.15
0.38

10

1.00
0.26
0.15
0.33
0.24
0.13
0.28

11

1.00
0.33
0.36
0.18
0.16
0.23

12

1.00
0.28
0.14
0.21
0.31

13

1.00
0.23
0.23
0.38

14

1.00
0.10
0.31

15

1.00
0.22

16

1.00

• The mean correlation across all pairs of accounts and all hospitals is 0.26



Panel B: Deflated cost data

Median correlations between accounts
(Each cell represents the median across 40 hospitals of the correlation between the two indicated accounts.)

Account Account Account Account Account Account Account Account Account Account Account Account Account Account Account Account

Account
Account
Account
Account
Account
Account
Account
Account
Account
Account
Account
Account
Account
Account
Account
Account

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16

1
1.00
0.40
0.16
0.26
0.30
0.29
0.23
0.41
0.17
0.20
0.23
0.18
0.29
0.12
0.09
0.27

2

1.00
0.25
0.28
0.42
0.30
0.39
0.45
0.35
0.25
0.35
0.16
0.45
0.18
0.16
0.29

3

1.00
-0.13
0.13
0.20
0.17
0.16
0.20
0.06
0.12
0.21
0.14
0.08
0.01
0.21

4

1.00
0.26
0.25
0.18
0.24
0.11
0.22
0.11
0.16
0.22
0.20

-0.01
0.19

5

1.00
0.44
0.35
0.37
0.25
0.21
0.31
0.18
0.36
0.18
0.15
0.31

6

1.00
0.20
0.24
0.25
0.25
0.15
0.14
0.26
0.23
0.09
0.26

7

1.00
0.23
0.28
0.23
0.23
0.23
0.24
0.15
0.09
0.23

8

1.00
0.15
0.28
0.32
0.19
0.31
0.14
0.12
0.29

9

1.00
0.22
0.18
0.14
0.26
0.08
0.11
0.25

10

1.00
0.17
0.11
0.32
0.16
0.13
0.22

11

1.00
0.28
0.31
0.17
0.16
0.15

12

1.00
0.34
0.12
0.16
0.23

13

1.00
0.14
0.13
0.31

14

1.00
-0.04
0.19

15

1.00
0.11

16

1.00

• The mean correlation across all pairs of accounts and all hospitals is 0.20
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Table 5
The Relative Sizes of the Accounts

Panel A: Raw (unadjusted) cost data
Distribution of the relative sizes of the accounts.
(Within each hospital, the average annual cost for each account is divided by the total
average yearly cost to arrive at a relative ranking of the size of the accounts. The table
below shows the average results across all hospitals. For example, on averge the largest
account in a hospital represents 20% of the total cost for all 16 accounts and the largest
two accounts represent 31% of the total cost)

Account rank	 Cumulative size

1	 0.20
2	 0.31
3	 0.41
4	 0.49
5	 0.57
6	 0.63
7	 0.69
8	 0.75
9	 0.80
10	 0.84
11	 0.88
12	 0.91
13	 0.94
14	 0.97
15	 0.99
16	 1.00
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Panel B: Deflated cost data
Distribution of the relative sizes of the accounts.

Account rank	 Cumulative size

1	 0.21
2	 0.32
3	 0.41
4	 0.49
5	 0.56
6	 0.63
7	 0.69
8	 0.74
9	 0.79
10	 0.84
11	 0.88
12	 0.91
13	 0.94
14	 0.96
15	 0.98
16	 1.00



Figure 1
The Costing Errors Induced by Various Cost Pool Aggregation Schemes

When Cost Drivers Are Perfectly Correlated with Costs
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Figure 2
The Costing Errors Induced by Various Cost Pool Aggregation Schemes

When Cost Drivers Are the Actual Measures of Activity Used in Hospitals*

—0— Random cost system design
—II— "Best" cost system design

then random
—X-- Size then correlation
—38— Size then minimize errors
--(II—Size then value added
—I-- Cluster analysis

Knapsack algorithm

Number of cost pools

* Over 20% of the observations of activity measures were missing or designated as potential outliers. For these observations, artificial activity measures

were constructed to be perfectly correlated with changes in costs. Due to the presence of these perfect activity measures for over 20% of the observations,

the costing system errors estimated here are very likely understated.
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Appendix
Descriptions of Accounts Extracted from the Washington State Department of

Health Accounting and Reporting Manual for Hospitals

6010 INTENSIVE/CORONARY CARE
Description

This cost center contains the direct expenses incurred in providing intensive daily
nursing care to intensive/coronary care patients. Included as direct expenses are:
salaries and wages, employee benefits, professional fees, supplies, purchased services,
depreciation, rental and lease, and other direct expenses.
Standard Unit of Measure: Number of Patient Days 

Report patient days of care for all patients admitted to this unit Include the day of
admission, but not the day of discharge or death. If both admission and discharge or
death occur on the same day, the day is considered a day of admission and counts as
one patient day.

6070 ACUTE CARE
Description

This cost center contains the direct expenses incurred in providing daily bedside
nursing care to medical/surgical acute care patients. Included as direct expenses are:
salaries and wages, employee benefits, professional fees, supplies, purchased services,
depreciation, rental and lease, and other direct expenses.
Standard Unit of Measure: Number of Patient Days

Report patient days of care for all patients admitted to this unit Include the day of
admission, but not the day of discharge or death. If both admission and discharge or
death occur on the same day, the day is considered a day of admission and counts as
one patient day.

7020 SURGICAL SERVICES
Description

This cost center contains the direct expenses incurred in providing surgical
services to patients. Included as direct expenses are: salaries and wages, employee
benefits, professional fees, supplies, purchased services, depredation, rental and lease,
and other direct expenses.
Standard Unit of Measure: Number of Operating Minutes

Operating minutes is the difference between starting time and ending time
defined as follows: Starting time is the beginning of general anesthesia (or surgery if
general anesthesia is not administered); Ending time is the end of surgery.

7050 CENTRAL SERVICES
Description

This cost center contains the direct expenses incurred in preparing and issuing
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medical and surgical supplies and equipment to patients. Included as direct expenses
are: salaries and wages, employee benefits, professional fees, supplies, purchased
services, depreciation, rental and lease, and other direct expenses. The invoice cost of
non-chargeable supplies and equipment issued to other cost centers shall be transferred
to the using cost centers, preferably on a monthly basis. If a central materials
management department, which provides the joint function of purchasing, stores, and
central services and supplies, is maintained, the costs of the department shall be
reclassified to central services and purchasing.
Standard Unit of Measure: Number of Line Items Sold

An item description on a requisition form is reported as one line item regardless of
the quantity the item description represents. Items returned for credit shall not be
counted. Non- chargeable items issued to other departments (or returned therefrom)
shall not be included in the count Only items billed to patients shall be counted.

7070 LABORATORY
Description

This cost center contains the direct expenses incurred in the performance of
laboratory tests and blood banking services necessary for diagnosis and treatment of
patients. Included as direct expenses are: salaries and wages, employee benefits, pro-
fessional fees, supplies, purchased services, depreciation, rental and lease, and other
direct expenses.
Standard Unit of Measure: Billable Tests

"Total" tests are used for measuring productivity and "billable" tests are used for
measuring costs and setting rates. Tests units for quality controls, standards, and
repeats are to be included in "total" units but excluded from "billable" units. In contrast
to repeats, replicates (duplicates) are not counted. Specimen collection is assigned a
separate unit value for each procedure and is reported in "billable" units. Tests shall
also be reported for laboratory services obtained from outside laboratories.

7140 RADIOLOGY - DIAGNOSTIC
Description

This cost center contains the direct expenses incurred in providing diagnostic
radiology services. Included as direct expenses are: salaries and wages, employee
benefits, professional fees, supplies, purchased services, depreciation, rental and lease,
and other direct expenses.
Standard Unit of Measure: Relative Value Units

Radiology Relative Value Units are as determined by Relative Value Studies, Inc.
and listed in the manual "Relative Values for Physicians," latest edition, published by
McGraw-Hill Book company. The units to be counted are the Technical Component
units, which are the Total Component (TC) units less the Professional Component (PC)
units. Relative value units for unlisted "RNE" (Relativity Not Established) and "BR" (By
Report) procedures should be reasonably estimated on the basis of other comparable
procedures or estimated by qualified personnel. The above publication may be
obtained from McGraw-Hill Healthcare Management Group, 1221 Avenue of the
Americas, 41st Floor, New York, NY 10020, (800) 544-8168.



Page 40

7170 PHARMACY
Description

This cost center contains the direct expenses incurred in maintaining a pharmacy
under the jurisdiction of a licensed pharmacist. Included as direct expenses are: salaries
and wages, employee benefits, professional fees, supplies, purchased services,
depreciation, rental and lease, and other direct expenses.

The cost of non-chargeable supplies and equipment issued to other cost centers
shall be transferred to the using cost centers, preferably on a monthly basis.
Standard Unit of Measure: Number of Line Items Sold

An item description on a prescription or requisition form is reported as one line
item regardless of the quantity the item description represents. Items returned for
credit shall not be counted. Non-chargeable items issued to other departments (or
returned, therefrom) shall not be included in the count. Only items billed to patients
shall be counted.

7180 RESPIRATORY SERVICES
Description

This cost center contains the direct expenses incurred in the administration of
oxygen and other forms of therapy through inhalation. Included as direct expenses are:
salaries and wages, employee benefits, professional fees, supplies, purchased services,
depreciation, rental and lease, and other direct expenses.
Standard Unit of Measure: Number of Treatments

If a patient is on continuous (24 hour cycle) ventilator treatment or oxygen
administration, count only one treatment per patient day, regardless of billing struc-
ture. If a patient is receiving therapy and is taken off, and place back on therapy again,
then count two treatments. Do not count a treatment for the set-up charge, since this is
not considered a procedure. Do not count and report the number of hours of treatment.
Administering oxygen would be reported as one per day (24 hour cycle) regardless of
service time.

7230 EMERGENCY ROOM
Description

This cost center contains the direct expenses incurred in providing emergency
treatment to the ill and injured, primary care, and care in the observation room.
Included as direct expenses are: salaries and wages, employee benefits, professional
fees, supplies, purchased services, depreciation, rental and lease, and other direct
expenses.
Standard Unit of Measure: Number of Visits

A visit is each registration of a patient in the emergency services unit of the
hospital. A visit is counted whether the patient is admitted to the hospital after the
emergency room visit or is treated and released from the emergency room. Multiple
services performed in the emergency services unit during a single registration are
recorded as one visit. Services provided to emergency patients in ancillary cost centers
are not included here, but are included in the applicable ancillary cost center.
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8320 DIETARY
Description

This cost center contains the direct expenses incurred in preparing and delivering
food to patients (including formula for infants.) Included as expenses would be
salaries and wages, employee benefits, professional fees, supplies, purchased services,
depreciation, rental and lease, and other direct expenses. Also included is dietary's
share of common costs of the Non-Patient Food Service and Dietary cost centers.
Standard Unit of Measure: Number of Patient Meals Served

Enter all patient meals served. Report a meal for each tray sent to an inpatient at
regular meal times. For uniform reporting, a hospital that has a five-meal plan reports
inpatient meals at 2.8 meals per patient day. Exclude nourishments, tube feedings,
infant formula, and snacks or fruit juices served between regularly scheduled meals.

8350 LAUNDRY AND LINEN
Description

This cost center shall contain the direct expenses incurred in providing laundry
and linen services for hospital use, including student and employee quarters. Costs of
disposable linen should be recorded in this cost center. Included as direct expenses are:
salaries and wages, employee benefits, professional fees, supplies, purchased services,
depreciation, rental and lease, and other direct expenses.
Standard Unit of Measure: Number of Dry and Clean Pounds Processed

Record the weight of linen processed for the hospital's use plus the equivalent
weight of disposable linen substitute used. Linen is weighed after it has been cleaned
and processed. Include uniforms and linen from personnel quarters and employee
housing.

8430 PLANT
Description

This cost center contains the direct expenses incurred in the operation, mainte-
nance, and security of the hospital plant, equipment, grounds and parking facilities.
Included as direct expenses are: salaries and wages, employee benefits, professional
fees, supplies, purchased services, depreciation, rental and lease, and other direct
expenses.
Standard Unit of Measure: Number of Gross Square Feet

Gross square feet is defined as the total floor area of the plant including common
areas (hallways, stairways, elevators, lobbies, closets, etc.)

8460 HOUSEKEEPING
Description

This cost center contains the direct expenses incurred by the unit responsible for
maintaining general cleanliness and sanitation throughout the hospital and other areas
serviced (such as free-standing clinics). Included as direct expenses are: salaries and
wages, employee benefits, professional fees, supplies, purchased services, depreciation,
rental and lease, and other direct expenses.
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Standard Unit of Measure: Number of Square Feet Serviced
Square feet serviced is the interior floor area serviced by the housekeeping unit in

maintaining general cleanliness and sanitation.

8510 ACCOUNTING
Description

This cost center shall include the direct expenses incurred in providing the general
accounting requirements of the hospital. Included as direct expenses are: salaries and
wages, employee benefits, professional fees, supplies, purchased services, depreciation,
rental and lease, and other direct expenses.
Standard Unit of Measure: Average Number of Hospital Employees

This includes part-time as well as full-time employees, but does not include
unpaid workers, volunteers, or others who do not receive a check. Also excludes
registry nurses and other temporary agency personnel.

8610 HOSPITAL ADMINISTRATION
Description

This cost center contains the direct expenses associated with the overall man-
agement and administration of the institution, including the office of administrative
director, governing board, and planning activities. Expenses such as corporate
development, financial planning, and internal audit must be included here. Also,
expenses which are not assignable to a particular cost center should be included here.
However, care should be taken to ascertain that all costs included in this cost center do
not properly belong in a different cost center. Expenses chargeable to hospital
administration do not include legal fees incurred in connection with the purchase of
property (which must be capitalized), nor fund raising costs which must be included in
Public Relations (Account 8630). Included as direct expenses are: salaries and wages,
employee benefits, professional fees, supplies, purchased services, depredation, rental
and lease, and other direct expenses.
Standard Unit of Measure: Number of FrE Employees

To calculate the number of full-time equivalent employees, sum all hours for
which employees were paid (whether worked or not) during the year and divide by
2,080.

8690 MEDICAL RECORDS
Description

This cost center contains the direct expenses incurred in maintaining the medical
records function. Also, costs associated with microfilming of medical records shall be
included in this account. Included as direct expenses are: salaries and wages, employee
benefits, professional fees, supplies, purchased services, depreciation, rental and lease,
and other direct expenses.
Standard Unit of Measure: Number of Inpatient Admissions Plus Outpatient Visits
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