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FORMALIZING PRODUCT COST
DISTORTION:
The Impact of Volume-Related Allocation Bases
on Cost Information |

Johnny Jermias*

The purpose of this study is to formally analyze product cost distor-
tions resulting from the process of allocating costs to products based on
Activity-Based Costing (ABC) and the conventional product costing sys-
tems. The model developed in this paper rigorously shows the impact of .
treating costs that are not volume related as if they are. The niodel
demonstrates that the source of product cost distortion is the difference
between the proportion of driver used by each product in ABC and the
proportion of the base used by the same product in the conventional costing
svstems. The difference arises because the conventional costing systems
ignore the existence of batch-related and product-related costs.

The model predicts a positive association between volume and size
diversity with product cost distortions. When interaction between volume
and size diversity exists, the distortion is either mitigated or exacerbated.
The magnitude of the distortion is jointly determined by the size of the
differences and the size of the total indirect costs.

Keywards: activity-based costing: indirect costs: product cost distortions; size and volume
diversity

1 would like to thank Anthony Atkinson, Howard Armilage, John Waterhouse, Duane Kennedy, the
anonymous reviewers of this journal, as well as participants at The University of Waterloo Accounting Research
Seminar for their very insightful comments and suggestions.

38



(sadjah Mada International Journal of Business, September 2003, Vol. 3, No. 3

Introduction

Over the last ten ycars, management
accounting literature has shown a growing
interest in alternative approaches to con-
ventional product costing systems. Con-
ventional costing systems were developed
in a period when technology was stable,
the range of products was limited, and
dircct labor and direct materials were the
predominant factors of production.

With dramatic changes in the envi-
ronment in which organizations operate
—such as global competition, technologi-
cal advances, and access to low-cost infor-
mation systems— a successful organiza-
tion must take cvery advantage it can to
remain compelitive. Accurate cost infor-
mation is onc source of competitive ad-
vantage. Conventional costing systems
have been criticized for providing mis-
leading information about a company’s
competitive opportunities. Under these
systems, information is produced too late,
too distorted, and too aggregated to be
rclevant [or management decision making
(c.g. Malmi 1999; Brimson 1991; Johnson
and Kaplan 1987). The Activity-Based
Costing (ABC) system improves the accu-
racy of product costing by more accurately
racing the cost of the activities o prod-
ucts.

Conventional costing systems assume
that there is a proportional relationship
between volume and cost. Thus, each time
a unit of the product is manufactured it is
assumed that costs are incurred. This as-
sumption justifies the use of volume-re-
lated bases such as direct labor hours,
machine hours, or material dollars to allo-
cate indircct costs to products. The pro-

portion of indirect cost allocated to each
product depends on the proportion of di-
rect costs consumed by the product. Thus.
if product A consumes ten times more
direct labor hours than product B, then ten
times more indirect cost will be allocated
to product A than to product B (assuming
that direct labor is used as the allocation
base). This assumption only makes partial
sense. Dircct costs (direct materials, direct
labors, and other direct costs), do vary in
proportion to the volume of production.
However, this assumption does not hold
for most indirect costs. Most of the indi-
rect costs are volume unrelated. For ex-
ample, when products are manufactured
in batches, high-volume products are of-
ten manufactured in larger balch sizes
thercfore requiring fewer engineering set
ups, orders, and material handling perunit
than low-volume products.'

ABC, on the other hand, assumes that
activities cause costs, and that cost objects
create the demand for activities. Rescarch-
ers have argued that because of increasing
product diversity and production process
complexity, most activitics are not vol-
ume-related. Thus, allocating the costs of
such activities using volume-based allo-
cation (as employed by the conventional
costing system) results in cross-subsidiza-
tion among different products.

The purpose of this paper is to de-
velop and manipulate an algebraic model
of the product cost distortion resulting
from the process of allocating costs to
products based on ABC and the conven-
tional costing system. The source of prod-
uct cost distortions previously identified
in ABC literature will be formalized and
evaluated using an approach of identify-

! The high-volume products are manufactured in batches of large volume. whereas the low-volume products
are manufactured in small butches. Forexample. if the ratio of production volume in cach batch between product
A and product B is 10:1. then product A is called high-volume whereas product B is called low-volume.
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ing product cost distortions first intro-
duced by Gupta (1993).* Numerical simu-
lations are used to illustrate the impact of
using the volume-related base in allocat-
ing indirect costs to products. |
_ This study contributes to the existing
ABC litcrature by formally analyzitjlg the
source of product cost distortion througha
direct comparison between the ABC cost-
ing model and the conventional costing
model. In doing so, the model rigo"rously
shows the impact of treating costs that arc
not volume related as if they are. Consis-
tent with the intuition of Cooper (1988)
and Cooper and Kaplan (1987), the model
demonstrates that the source of product
cost distortion is the difference between
the proportion of driver used by each prod-
uct in ABC and the proportion of the base
uscd by the same product in the conven-
tional costing system. Thedifferencg arises
because the conventional costing system
ignores the existence of batch-related and
product-related costs. |

By assuming that the proportion of
driver uscd by cach product is co sistent
across aclivity drivers such that the rela-
tion between the proportion of driver used
by any two products is preservedlacross
activity drivers, the model predicts: first,a
positive association between volume di-
versity and the product cost distortion, in
which the high-volume products are over-
costed and the low-volume products are
under-costed; second, a positive associa-
tion between size diversity and the product
cost distortion, in which the large size

products are over-costed whereas the small
size products are under-costed.’ When
interaction between volume diversity and
size diversily exists, its effect on the prod-
uct cost distortion could either mitigate or
cxacerbate the distortion. The association
between volume-size diversity and the
product cost distortion is stronger when a
company produces both high-volume, large
size products and low-volume, small size
products (the interaction is exaccrbated).
On the other hand, the association be-
tween volume-size diversity and the prod-
uct cost distortion is weaker when a com-
pany produces both high-volume. small
size products and low-volumc, large size
products (the interaction is mitigated).

The remainder of this paper is orga-
nized as {ollows: In section two, a review
of existing litcrature in ABC is presented.
followed by the product costing models in
section three. Section four analyzes the
productcostdistortions and generates some
propositions and hypotheses, followed by
numerical examples and discussions about
the product cost distortions. Finally con-
clusions and directions lor future research
are presented in section five.

Review of the Literature

ABC has been extensively discussed
in management accounting and cost ac-
counting literature for the last decade. The
need for more accurate product costs chal-
lenges the conventional view of product
costing, which was designed to servc ex-

|
* Gupta (1993) developed a model of] identifying product cost distortion duc to aggregation in the cost
allocation system. By comparison, the pr‘oducl cost distortion discussed in this paper is not the result of
aggregation process per se. The model developed in this paper takes into account that the allocation bases in

ABC. in general. are not a subset of the allocation bases in the traditional costing systems.

*The size diversity is defined as the difference in the resource consumption pattern between large products
and small products. Even though the large size products consume significantly large amounts of volume-related
input (i.e. dircct costs), these products consume relatively same amounts of the volume-unrelated input (i.c.

overhead costs). i

38



Gadjah Mada International Journal of Business, September 2003, Vol. 5, No. 3

ternal financial reporting purposes. For
external reporting, it does not matter if
there are cross-subsidies among products,
. as long as the total value recorded for

inventory is sufficiently accurate. There- -

fore, it is not surprising that ABC origi-
nated not from accounting but from pro-
duction and marketing specialists in com-
panies that were seeking better ways to
manage indirect costs. The activity-based
conceptsintroduced by academicians such
as Gordon Shillinglaw and George Staubus
in the early 1960s did not influence aca-
demic thinking until recently.*

This has changed dramatically since
the introduction of the ABC concept dur-
ing 1980s. The chief incentive driving the
development of ABC was the search for
better product cost information to guide
product mix, customer mix, and pricing
decisions. Managers often distrust infor-
" mation produced by conventional costing
systems in making product related deci-
sions. One important distinction between
ABC and the conventional costing systems
is that ABC recognizes that not all costs
vary in proportion to production volume.
ABC classifies cost behavior into four
types: unit related, batch related, product
related, and facility related.

Cooper (1990) argued that the four
cost behavior categories model contem-
porary production processes. The fourlev-
els of activities (called hierarchy) that cre-
ate costs are unit, batch, product, and facil-
ity related activities.

Under ABC, costs are assigned to
products more accurately based on the
activities that create costs. ABC recog-
nizes that some costs vary in proportion to

batches, products, or facility and are allo-
cated accordingly. Some advantages of
ABC over conventional costing systems
have been discussed in the literature and
include énhanced product cost accuracy®
(Lewis 1993; Cooper 1988; Cooper and
Kaplan 1987), more relevant information
for managerial decision making (Colton et

" al. 2003; Gupta and King 1997; Turney

1992), and providing information about
value-added activities (Armitage 1992;
Brimson 1991).

While considerable anecdotal evi-
dence has been reported in the literature
regarding the impact of ABC in providing
more accurate product costs, there are rela-
tively few analytical studies on product
cost distortions. Existing ABC literature
has focused primarily on methodological
(Ostrenga 1990; Cooper 1989; 1988) or
operationalization issues in ABC imple-
mentation (Drumheller Jr. 1993; Bhimani
and Pigott 1992; Shank and Govindarajan
1988). One possible explanation is that the
distortion can only be measured if we
know the true cost numbers. Unfortunately,
it is questionable whether we ever know
the true numbers (Gupta 1993).

Hwangetal. (1993) develop a frame-
work to analyze a company’s expected
economic loss from.product cost distor-
tion. They formally analyze the magni-
tude of product cost distortions that result
from using a single allocation base. They
show (analytically) that the product cost
distortion is a function of a) the degree of
heterogeneity of the production technolo-
gies;* b) the relative magnitude of per unit
input costs; and c) the product mix. They

. concluded that management must care-

* For a good review of the activity based costing history, see Johnson (1992).
* The focus of this paper is limited to the ability of the ABC system to improve product cost accuracy.
* Heterogeneity of production technology is defined as the difference in production process complexity

among products.
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fully analyze the nature of the company's
cconomic environment in selecting allo-
cation bases for indirect costs.,

Gupta(1993)developsaproductcost-
ing model to analyze the sourcefof product
cost distortions. The model is qesigned to
analyze the aggregate impact of product
cost allocation on product oosting It pro-
vides an insight into the source:of product
cost distortions and will be used as the
starting point for the product costing mod-
els developed in this paper. |

By comparison, the models presented
in this paper recognize that product cost
distortions of ABC as compa\red to the
conventional costing system are notdue to
aggregation per se, but result ﬁ;'om totally
different assumptions and allocation bases.
For instance, the ABC system recognizes
that there are different level of activities in
the company such as unit activity, batch
activity, and product activity; Different
activity levels require different types of
activity drivers. The activity dr?vers could
be the number of customer orders, the
number of engineering setups, the number
of movements, the number of shipments,
or the number of material hand]ing hours.
In contrast, the conventional cpstmg sys-
tems recognize only unit acuvxty and usu-
ally use direct labor hours as lhq allocation

base.
The Model

The Ideal Costing Systen

Causality is the central ‘concept in
product costing particularly with respect
to providing information for managenal
purposes. Shillinglaw (1989) argues that
any assignment of cost that does not re-

|

flect causality is irrelevant for managerial
use and is potentially dangerous.

The ideal costing system uses causal-
ity in assigning costs to products. This
system assumes that activities cause costs
and that cost objects create the demand to
perform certain activities. Theoretically,
itispossible to trace and record the amount
of each individual cost consumed by each
product at each activity. This ideal costing
system can be-described as follows.”

Consider a company that produces P
products, denoted by p (p=1...P), that are
produced using A distinct activities de-
noted by a (a=1...A). The total cost alio-
cated to product p using direct costs (direct
materials, direct labor, and other direct
costs) and indirect costs can be formally
stated as (for comparison purposes, the
direct costs are separated from the indirect
costs).

Equation 1:
x TDC,
TCI, = xg'ﬁ: TUD,, +

A TIC

Where:
TCI : total costs allocated to product p
using ideal costing system;

TDC, : total direct cost type x (x=1..X);

TUD, : total units of direct cost type x
used; .

TUD,,: total units of direct cost type x
used by product p;

TIC. : total indirect costs in activity a;

TUB. : total units of driver in activity a;

TUB__ : total units of driver in activity a
used by product p.

7 It is assumed that this ideal costing system will gencrate the true product costs.
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-This ideal costing system incorpo-
rates all activities concerning the use of
total product costs (TC). Since this ideal
cosling system requires the measurcment
of every input consumed by every activity
and every activity consumed by cvery
product, this system would be prohibi-
tively cxpensive. It is impractical to trace
all possible activitics that cause costs be-
cause ultimately cach of the company’s
individual support resources might be
viewed as being consumed by distinct
activities. Cooper (1989) argued that one
of the considerations uscd to decide how
many activity drivers to be used is the
relative costs of the activity traced. That is,
the cost of tracing the activities must not
exceed its benefit. It is also impossible to
trace every input consumed by every ac-

tivity. Inpractice, a firm must compromise

atsome point by including multiple activi-
tics in one aclivity driver. Consequently,
some degree of product cost distortion is
unavoidable (Hwang et al. 1993; Brimson
1991).

Activity-Based Costing (ABC)

ABC is as a method of measuring the
cost and performance of activities, re-
sources, and cost objects; assigns resources
to activities and aclivities to cost objects
based on their use; and recognizes the
causal relationship ol activity drivers to
activities.* It should be noted that although
ABC uses causality in tracing costs, for
practical reasons, some activities are not
costeflfective tobe traced. The assumption
underlying this definition is that activities
causc costs and that cost objects create the
demand foractivitics ( Lewis 1993; Turncy

1992). The causal relationship between
the activities and costs is called activily
drivers. Activity drivers serve as bases (0
allocate costs to the cost objects Lo reflect
the causality relationship.

As mentioned earlier, the ideal cost-
ing system is impractical because it is not
cost effective to trace all possible activi-
ties that cause costs. For convenience,
similar activitics arc combined and treated
as onc activity with a single activity driver
which is selected as an allocation base,
Thus, ABC is not a perfect system. Some
degree of structural distortion still exists
due to aggregation processes in selecting
activities.

In designing ABC, most companies
usc an opcrational analysis approach in
which people from different areas of the
company get involved in the process of
determining the causal relationship be-
tween cost objects, activities, and resources
that are consumed (Armitage 1992:
Bhimani and Pigott 1992). This approach
is used to develop acomprehensive under-
standing of the process and activitics of the
business and how they relate to one an-
other. _

For the purpose of this paper, ABC
will scrve as a benchmark against which
the conventional costing system will be
cvaluated. By assuming that the true prod-
uctcostis generated from the full causality
model (i.c. the ideal costing system de-
scribed in “The Ideal Costing System”
section, ABC would be considered as a
proxy for the ideal costing model since
ABC also uses causality in tracing costs
(partial causality as opposed to full causal-
ity). Theideal costing system is not used as

* This definition was developed by Computer Aided Manufacturing International (CAM-I), a consortium
of organizations that engage in joint research into new management techniques.
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a benchmark because it is pracliclally un-
observahle. ABCmightbe seen as an inter-
nal benchmark® to establish baseline prod-
uct costs against which the conventional
costing system will be comparéd. This
benchmark, in turn, could be used to com-
pare the company product costs with those
of cxternal competitors. ABC starts by
grouping homogeneous actions }imo ac-
tivities and then further aggrcga@cs them
into activity centres or processes (Cooper
1989). ABC requires cost pools "for each
defined activity. Costs are attached to only
those products that use the activity. Direct
costs (direct materials, direct labors, and
other direct costs) are charged directly to
products. Indirect costs which cannot be
traced to cach unit of product costs are
allocated on the basis of activity drivers
whichreflect the variability of thc;aclivity.
Bascd on a study of fifty cost systems
in thirty one companies, Coopcir (1990)
concludes that the cost function ol the
innovative companies can be adequatcly
described as a linear formula that is the
sum of unit level costs, batch le\?el costs,
product level costs, and facility level
costs."
Consider acompany which produces
P products denoted by p (p=! P? that are
produced using dircct costs (direct materi-
als. direct labors, and other direct costs)
and indirect costs caused by D (1SD<A)
distinct activitics denoted by d (d=1...D).
The direct costs are unit-level costs
(that is, they vary in proportion to produc-
tion volume,) while the indirect costs could
fall into unit, batch, product ojr facility
costs and thus will be allocated bascd on
the type of activities that capture the un-

|

derlying behavior of the costs. Product
costing under ABC can be stated formally
as follows:

Equation 2:
x TDC

X

TCA = xz-} Tup_ TUD,, +

X

D TIC,
g TUB, (TUB,) Vp=1l.p

Where,

TCA, :total costs allocated to product p
using ABC:

TDC, :total dircct cost type x (x=1...X):

TUD, :total units of direct cost type x
uscd;

TUD, : total units of direct cost type x
used by product p;

TIC, :total indirect costs in activity d;

TUB, : total units of driver in activity d.

TUB, : total units of driver in activity d
used by product p .

Again, for comparison purposes, the
direct costs are separated from the indirect
costs, although, in practice, all costs are
assigned to products through activity driv-
ers (i.e. for the direct costs, the drivers arc
direct materials, dircct labors, and other
direct activity drivers).

The total cost of product p (p=1...P)is
equal to the sum of the proportion of direct
costs and indirect costs used by the prod-
uct in activity d (d=1...D).

Conventional Costing Systems

Conventional costing systems assume
that products create costs in proportion to
volume. Costs are classificd as either di-

*The Society ol Management Accoyntants of Canada (1993) defines internal benchinarks as a comparison
of an organization’s own similar processes, products, or services (p. 9). Compuring ABC to the conventional
cosling system might be viewed as a comparison between two processes of allocating costs to products.

™ In ABC literature, these types of t‘:osls are sometimes refer to as the activity hierarchy.
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rect (direct materials, direct labors, and
other direct costs) or indirect. Direct costs
are defined as costs that can be identified
specifically with a specific cost object in
an economically feasible manner. Indirect
costs are defined as costs that cannot be
identified specifically with a single cost
objective in aneconomically feasible man-
ner (Horngren et al. 2000). Direct costs are
charged directly to products. On the other
hand, indirect costs are allocated to prod-
ucts using volume-related allocation bases
such as direct labor hours, machine hours,
ormaterial costs (e.g., Hardy and Hubbard
1992; Brimson 1991).

Most firms use a single allocation
basis to charge indirect costs to products.
Horngren et al. (2000), based on survey
data, reported that a vast majority of manu-
facturers (over 80%) use a single alloca-
tion basis (either direct labor hours or
direct labor dollars)."" The indirect costs
are allocated using a two-stage procedure.
In the first stage, indirect costs are pooled
in cost centres. In the second stage, the
cost accumulated at the cost centres are
allocated to products using volume-re-
lated allocation bases such as direct labor
hours, machine hours, or direct material
dollar (Boons et al. 1992; Cooper 1990).
Horngren etal. (2000) assert that the choice
of the allocation base should be guided by
a) the purpose to be served by the cost
allocation, and b) the necessary clerical
costs and effort in allocation. They argue
that the volume-related bases are com-
monly used because information on the
number of direct costs associated with
each product is readily available in many
organizations.

Consider a firm which produces P
products using direct costs (direct materi-

als, direct labors, and other direct costs)
and indirect costs. The direct costs are
directly assigned to products while the
indirect costs are allocated to products
using a single allocation basis.

Assume that a company produces P
products denoted by p (p=1..P) using di-
rect costs and indirect costs. The product
costing under this system can be stated
formally as follows:

Equation 3:

x, TDC,
TCC, = Zlﬁ)— TUD,, +

TIC

—g AB,

AB Vp=1..p

Where (other variables are as defined in

Equation 2),

TCC, : total-costs allocated to product p
usingthe conventional costing sys-
tem;

AB . :single allocation basis (could be
directlabor hours, direct labor dol-
lars, or machine hours),

AB_ : total units of allocation bases used
by product p.

The total cost of product p (p=1...P) is
equal to the proportion of direct costs and
indirect costs used by the product.

Formalizing Product Cost
Distortions

The product cost distortion is defined
in this paperas the difference between cost
allocated to products using ABC and the
cost allocated to products using a costing
system under consideration. Two types of
product cost distortions will be discussed

" In a study of fifty cost system in thirty one companies, Cooper (1990) found that most systems used only
one second stage allocation base to assign the expenses accumulated in a cost center to the products. The most

common second-stage allocation base was direct labor.
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in relation to ABC: the structural product
cost distortion and the distortion resulting
from the comparison between AB;C and
the conventional costing system. As men-
tioned earlier, ABC uses causality in trac-
ing costs. Consequently, this syste‘m pro-

vides a better estimate of true c9sts as

compared to the conventional costipg sys-

tem which uses only volume- related allo-
cation bases.

Equation 4
» TDC,
pist, 8= { & 70p; TUD,,
ﬁ: TIC,
& “TUB TuB,} -
{ X, TDC, )
& Top, TPy
i TIC,
% o8 TUde\}
Vp:: |...p

|
The Structural Cost Distortions

Thedifference between theideal prod-
uct costing (Equation 1) and ABC|(Equa-
tion 2) can be called a structural product
cost distortion. Formally, this distortion
can be shown as follows:

Assuming that the direct mput costs
(i.e. direct materials, direct labors, and
other direct costs) are similar regarldless of
the costing systems'? (this assumption will
be used throughout this paper)(e.g., Lewis
1993; Hwang et al. 1993), Equatlon 4 can
be simplified as follows:

Equation 5
TIC,
" Dist. I,(S) 2 -Tﬁ TUB
pIL]
¢=1 TUB, TUB
Vp=1l.p

By assumption, the product cost dis-
tortions are exclusively the result of the
allocation of indirect costs to products.
Notice that the total activity drivers in
ABC, D, are smaller than or equal to the
total activity driversin the ideal system, A,
(1€D<A). Thus, each activity driver in
ABC, denoted by d, consists of some activ-
ity drivers of the ideal system, denoted by
a. Consequently, the total indirect costs of
each activity driver in ABC are the aggre-
gate costs of the multiple activity drivers

A
in the ideal system (TOC = dE lTOCa).
Lt L as

Gupta (1993) demonstrates that the distor-
tion is equal to zero if the proportional
resource used by a unit of product p at the
aggregate level is the same as the propor-
tional resource used in the disaggregate
activity drivers. That is, the group activity
driver is proportional to each component
activity driver. Therefore, a strategy to
reduce the number of activity drivers is to
combine drivers that are the same or very
similar into a single activity driver. Notice
that the allocation bases used in each com-
ponent activity driver are a subset of the
group activity driver. The structural prod-
uct cost distortions are simply the result of
disproportional driver usage between a

2 This assumption can be justified by the fact that the direct input costs can be traced economically to
individual products. Thus, for the direct input costs, the number of activities in ABC is equal the number of

activities in the “ideal” costing system.
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certain group of activity drivers and its
components which are a subset of the
group activity driver. Thus, the distortions
arc exclusively caused by the aggregation
process.'?

The structural product cost distortion
is not widely discussed in ABC literature.
Onc potential explanation why this distor-
tion is often ignored in the literature is that
resolving the differences is not cost effi-
cient. in the sense that the cost of resolving
the differences would exceed its benefit.
The rest of this chapter will be devoled to
evaluating the sources of product cost dis-
tortions resulting from ABC as compared
to the conventional costing system.

ABC andthe Conventional Costing
System Contrasted

Unlike the structural product cost dis-
tortion which arises due to the aggregation
processes discussed in previous section,
the product costdistortions, resulting from
comparing product costing based on ABC
and that of the single based allocation
system, should take into account the dif-
ferences in allocation bases used by the
two different systems. In general, the allo-
cation bases of ABC (which are called
activity drivers) are very different from
that of the conventional costing systems.
The allocation bases of the conventional
costing systems are usually direct labor
hours, machine hours, or direct labor dol-
lars which arc, inevitably, also used in
ABC. In addition to the conventional allo-
cation bases, the activity drivers could be
the number of customer orders, the num-
ber of enginecring sctups, the number of

movements, the number of shipments, the
number of material handling hours, etc..
which in general are not the same as those
ofthe conventional costing systems. How-
ever, the unit-related drivers used in ABC
are usually the same as the allocation bases
in the conventional costing systems.

By assuming that there are no distor-
tions in allocating the direct costs (direct
material, direct labor and other direct costs).
the product cost distortions arising from
the comparison between ABCand the single
allocation base can be shown, algebra-
ically, as follows:"

Equation 6
p TIC )
Dist, (A)= 3, —— TUB, -
d=1 d
TIC
—— AB
AB r
Vp=1.p

Thus, the product cost distortion for a
certain product p (p=1...P) is equal to the
difference between the total indirect costs
allocated to the product using activity driv-
ers (ABC) and the total indirect costs allo-
cated to the same product using a single -
allocation base (the conventional costing
system).

It has been shown in the ABC litera-
ture that due to production complexity and
product diversity, product costs in today's
environment are generally not directly re-
lated to the production volume. Product
costs, especially indirect costs, are propor-

* The distortion due to aggregation will not be discussed in detail in this paper. Readers interested in this
issue should consult Gupta's papei “Heterogeneity issues in aggregated costing system.” Journal of Manage-

ment Accounting Research (fall, 1993): 180-212.

"Thisassumption is justifiable given that the direct materials and direct labor costs are volume-related costs
and both ABC and the single-based allocating systems usc the same “drivers” to assign these costs.
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tional to unit, batch, product, and faullly
Therefore, product costing syslems that
allocate indirect costs using only unit-
rclated bases would produce inacclrate
product costs. There will be ¢ across-shbsi-
dization among different products duc 0
disproportional resources uscd in bglch-
related and product-related activities as
compared to unit related activities. 1
Asdiscussedin ”Activity-Based Cosl-
ing" section, ABC recognizes that costs
vary in proportion to batch, production,
facility, and unit activities. Consequently,
the product cost distortions arising lrom
comparing ABC and the conventional cost-
ing system arc the differences in propor-
tional usage of activitics between the batch-
related and/or product-related cost# and
the unit-related costs. Notice that f all
products are manufactured in the same
batch and/or if all products nced the Lame
product-related activities, then there will
be no cross-subsidization among products
(1hatis, there is no product cost distortion).
In summary, the source of producl‘ cost
distortions is the differencc indriver usagc
in ABC and base usage in the conventional
costing system resulting from diversity in
batch-related and/or producl-relaled ac-
tivities among products.* ‘

Volume Diversity

Volume diversity is defined a> the
difference in the resource consumption
patterns between high-volume prot;jucls
(products that are manufacturcd in a ‘large
batch) and low-volume products (prod-
ucts that are produced in a small batch).'
The high-volume products tend to con-
sume significantly larger amounts of di-
rect input costs as compared to the low-
volume products. However, the propor-

tion of overhead resources used per unit of
the high-volume products is smaller than
that of low-volume products. Forexample.
to manufacture the same number of prod-
ucts, the high-volume products need fewer
numbers ol purchase orders, engincering
setups. and product specification than those
of the low-volume products. From this
example, it is obvious that allocating over-
head costs using volume-related bases
tends to over-cost the high-volume prod-
ucts and under-cost the low-volume prod-
ucts.
Size Diversity

Size diversity is defined as the differ-
ence in the resource consumption patterns
betwecen large products and small prod-
ucts (Cooper 1989). Even though the large
products consume significantly large
amounts of volume-rclated input (i.c. di-
rect costs), the large products consume
relatively equal amounts of the volume-
unrelated input (i.c. overhead costs).

Interaction between Volume and Size
Diversity

The interaction betwcen volume and
size diversily could either mitigate or cx-
acerbate the distortion. The interaction
effect could be shown as a 2X2 matrix as
follow.

Volume
High Low
Large l 2
Size
Small 3 4

'* The facility-related costs are allocated 'using unit-. batch-, or product-related drivers.
1 Cooper (1989) uses the terms volume diversity to describe the differences in batch sizes (o manutucture

products.

|
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In cells 1 and 4, the product cost distortion
is exacerbated, whereas in cells 2 and 3,
the product cost distortion is mitigated.

Toexplore the source of product cost
distortion due to the volume diversity and
size diversity, Equation 6 can be rewritten
in terms of the proportion of driver (ABC)
and the proportion of the single allocation
base (the conventional costing system)
used by each product as follows:

Equation 7
D TUB AB
Dist, (AS)= ,——" TIC,-—TIC
r &=t TUB, AB
Vp=1l..p

TUB, ‘
Where T (total unit driver used by a
d .
certain productdivided by total unitdriver)
is the proportion of driver d used by

AB,

product p in the ABC system, and

(total units of allocation basis, such as
direct labor hours, used by product p di-
vided by total unit of the allocation base) is
the proportion of the total allocation base
used by product p in the traditional cost
system.
D AB,

Sinceg TIC,=TIC,” and Ap
is a constant for each d, Equation 7 can be
rewritten as;

'~

Equation 8
Dist_(AS)= E‘,TUB"" TIC, -
p &TuB, ¢
i AB, TIC
4=1 AB !
=), TUB,, _AB, TIC,
TUB, AB
Vp=l..p

From Equation 8, it is sufficient to
show that the distortion is equal to zero if
TUB,, AB,

— = , Vd=1..D and Vp=1..P (the

TUB, AB

proportion of resources use in each driver

for product p (p=1...P) is equal to the

proportion of resources used in the single

allocation base for the same product). In

other words, the product cost distortion is

equal to zero if:

1) Onlyoneproductis produced (P=1).In
this case, both the proportion of re-

TUB

dp

sources used in each driver
d
and the proportion of resources used in

the single allocation base — would
AB

be equal to one, and
2) All of these following criteria are sat-
isfied:"¥

. " This implies that the traditional costing system uses the full cost method in allocating overhead costs.
Cooper (1989) argues that the full cost method is considered more appropriate for long-term decisions.

'* By comparison, Gupta’s aggregate product costing model does not require that all products use all drivers
and that the driver usage be equal for all drivers in each product in order for the product distortion to be zero.
As long as the proportions are the same within each “pool.” the product cost distortion is equal to zero.
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1. All products use all activities

. The proportion of driver }lsed in
the ABC system must be cqual to
the proportion of the base uscd in
the single allocation base' for all
activities and for all products.

(3]

Cooper(1988)intuitively asserts that:
“When the quantity of volume-re-
lated input that a product consumes
does not vary in direct prr)portién 1o
the quantity of volume-unrelated in-
put consumed, volume-based cost
systems will report distorted pr oduct

costs” (p. 53).

It is important to note that the differ-
cnce between the driver usage and the base
usage must be computed for all activities
belore summing up for each pl'Odl[lCl The
product cost distortion can then be calcu-

lated by summing up all the dlffelenc,cs
between costs allocated to produc.l p in
cach driver for all drivers used to produce
P products.

It should be noted, however, lhat the
criteria for zero product cost letorllon
described above is only asufficient and not
a necessary condition for the cost distor-
tion (o be zero. because of the cross-subsi-
dization among drivers. Even if the pro-
portional usage is not equal, the zero prod-
uct cost distortion is still possible, because
some activity drivers may be larger, while
other drivers may be smaller than the pro-
portional usage in the traditional|costing
system. ‘

The criteria for zero cost distortion
discussed above would become nécessary
and sufficient conditions by impoqlinu into
the model an assumption that the propor-
tion of driver usage by each produu has a
consistent pattern such that

TUB, TUB,

TUde TUB Vd=1...D; wherc: and

|

Jj represent two different products. Thus,
the relation between the driverusage of the
two products is preserved across drivers.
Giventhese conditions, the source of prod-
uct cost distortions can be explained as
follows.

“Volume Diversity.” When a company
produces both high and low-volume prod-

TUB, AB TUB,, ABP
< ——, while >—
TUB, AB

ucts,
TUB, AB
d =1...D; where h and I represent the high-
volume and the low-volume products re-
spectively. That is, the proportion of re-
sources used by the high-volume products
is smaller than the proportion of the base
used in the single allocation base. On the
other hand, the proportion of resourccs
used by the low-volume products is larger
than the proportion of the base used in the
single allocation base. This is because the
conventional costing system treats over-
head costs that are not unit related as if
they are. This leads to the first proposition.
P : There is apositive association between
the volume diversity and the product
costdistortion. The high-volume prod-
ucts tend to be over-costed whereas
the low-volume products tend to be
under-costed.

“Size Diversity.” Whenacompany manu-
factures both small and large products,

TUB AB TUB AB

dl . ds
< , while = > L

P
TUB;, AB TUB, AB
d=]...D; where | and s represent the large
and the small products respectively. That
is, the proportion of resources used by the
large products is smaller than the propor-
tion of resources used in the single alloca-
tion base. On the other hand, the propor-
tion of resources used by the small prod- .
ucts is larger than the proportion of re-
sources used in the single allocation base.

|
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Again, this is because the conventional

costing system treats all costs as il they are

unitrelated. This lcads to the sccond propo-
sition,

P.: There is a positive association between
size diversity and the product cost dis-
tortions. The large products are over-
costed whereas the small products are
under-costed.

“Interaction between Volume and Size
Diversity.” The interaction hetween vol-
ume diversity and sizc diversity cxists
whenever a company manufactures prod-
ucts of different sizes using different meth-
ods of production (high or low-volume).
The small, high-volume products are dou-
bly over-costed, whereas the large, low-
volume products are doubly under-costed.
In this case, the distortion is exaccrbated.
On the other hand, the product cost distor-
tion resulting from the interaction betweéen
the small, high-volume product and the
large, low volume product depends on the
relative magnitude of the size diversity
and the volume diversity of the product. In
the 2X2 matrix presented before, in cells |
and 4 the product cost distortion is cxacer-
bated. whereas in cells 2 and 3 the product
cost distortion is mitigated. This leads to
the following propositions:

P, : When the interaction is exacerbated,
the association between volume-size
diversity and the product cost distor-
tion is stronger. The large, high-vol-
ume products are doubly over-costed
and the small, low-volume products
are doubly under-costed.

o When the interaction is mitigated, the
association between volume-size di-
versity and the product cost distortion
is weaker. The impact o n product cost
distortiondepends on the relative mag-
nitude of the interaction between the
volume diversity and the size diver-
Sity.

These propositions lead (o the third hy-
pothesis,

“The Magnitude of the Distortion.” Equa-
tion 8 suggests that the magnitude of the
distortion is jointly determined by the size
of the indirect costs (TIC) and the differ-
ence between the driver usage
TUB,, AB,
(= TUB, anq the base usage ( AB, )

“This leads to the following proposition.

P: The largerthe indirect costs and/or the
largerthe difference between the driver
usage and the base usage, the larger
the magnitude of the distortion.

This proposition leads to the following

hypothesis,

H,: Companies that have large amount of
indirect costs are more willing to adopt
ABC than companies that have small
amount of indirect costs.

Numerical Examples

As analytically shown in section 4.2,
the source of product cost distortions is the
difference in the proportion of resources
used in each activity driver as compared to
the allocation base used in the conven-
tional costing system. This difference is
caused by treating costs that are not unit
related as if they are.

Following are numerical examples
of how the difference in the driver usage
(ABC)and allocation-base usage (the con-
ventional costing system) influences the
product cost distortion. Consider a com-
pany that produces products A, B, and C.
For the purposc of discussions, assume
that product A consumes three times the
direct labor as products B and C respec-
tively. Incidentally, the number of driver
used by product A is also three times that
of products B and C respectively. Table |
shows conditions that result in zero prod-
ucl cost distortions.
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Table 1. Example of Zero Product Cost Distortion

|
Panel A: Cost data ‘

NoL of

Product Dir. Labor No. of No. of Total
(p) Hours Sethps Orders Handling Ind. Costs
(AB) (d=1) (d=2) (d=3) (TIC)
A 60 6 3 6
B 20 * | 2
C 20 1 2
Total 100 10 5 10
Ind. Costs - $800 $400 $2,000 $3,200
(AB) (TL#BI) (TUB,) (TUB,)
‘\
Panel B: Cost allocation '
Product
Description
A B C
ABC system (TUB_ /TUB, x TIC))
(6/10 x 800) + (3/5 x 400) + (6/10 x 2000) 1,920
(2710 x 800) + (1/5 x 400) + (2{IO x 2000) 640-
(2/10 x 800) + (1/5 x 400) + (2/10 x 2000) 640
\
Single allocation base (ABP/AB xTTIC):
60/100 x $3,200 1,920
20/100 x $3,200 640
20/100 x $3,200 640
Product cost distortion 0 0 0

|

Panel A shows the cost data 9t the
company and panel B shows the product
costallocation under ABCand the conven-
tional costing system. Thus, if the propor-
tion of volume-related costs is equal:to the
proportion of non-volume-related costs,
the product cost distortions are zero. This
rero product cost distortion can also be
calculated using Equation 8.

In practice, however, the proportion
usually differs. The differences are due to
volume diversity and size diversity as out-
lined earlier and have been widely dis-
cussed in management accounting litera-
ture. A more realistic example is presented
in Table 2.
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Table 2. Example of Product Cost Distortions
(Indirect costs do not vary in proportion to the volume relat_ed cost)

Panel A: Cost Data

Product Dir. Labor  No. of No. of No. of Total
p) Hours Setups Orders Handling Ind. Costs
(AB) (d=1) (d=2) (d=3) (TIC)
A 80 2 ] 3
B 10 1 3 2
C 10 5 1 3
Total 100 8 5 8
Ind. Costs - $800 $400 $2.,000 $3,200
(AB) (TUB)  (TUB,) (TUB,)

Panel B: Cost allocation

Description

ABC system (TUB, /TUB, x TIC,)
(2/8 x 800) + (1/5 x 400) + (3/8 x 2000)
(1/8 x 800) + (3/5 x 400) + (2/8 x 2000)
(/8 x 800) + (1/5 x 400) + (3/8 x 2000)

Single allocation base (AB/AB x TIC):
80/100 x $3,200
10/100 x $3,200
10/100 x $3,200

Cost understatement (overstalement)

Product
A B C
1,030
840
1,330
2,560
320
320

(1,530) 520 1,010

Consider a company that produces
product A which is ahigh-volume (orlarge
size) product, and product B and C which
are low-volume (or small size) products.
Panel A presents the cost data and panel B
presents the product cost allocation under
ABC and the conventional costing system.
This illustration is used to show the source

of product cost distortion resulting from
the comparison of product costs based on
ABC and the conventional costing system.
For simplicity only three activity drivers
are used by the company, even though in
practice organizations thatadopt ABC tend
to use more activity drivers.
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Table 2 shows that the hlgh -volume
(orlarge size) productis over-(,os‘tcd while
the low-volume (or small size) products
arc under-costed. The sources of the prod-
uct cost distortions are the differences in
the driver usage in ABC and the base usage
in the conventional costing system. These
differences arise because the conventional
cosling system ignores the batch-related
and the product-related activities.

It is apparent that the sources of the
distortion are the dlsproporllonhl usage in
the allocation bases between ABC and the
conventional costing system. 'I]hc magni-
tude of the distortion is jointly determined
by the size of the difference and the size of
the total indirect costs. |

Discussions and Future
 Research

The sources of product cost distor-
tion have been analytically discussed and
numerical simulations have been presented
1o show the impact of trealiné costs that
are not unitrelated asif they are‘ Empirical
studies (c.g. Cooper and Kaplan 1987;
Armitage 1992) have shown that overhead
costs tend not to vary closely with units of
products.

Contrary to prior beliefs; the exist-
ence of substantial overhead costs and the
cxistence of many kinds of p;roducls are
not the source of product cost distortion
per sc. As long as the resource consumed
by cach product is uniform a(.ross activi-
ties, the product cost dlbl()l‘llon will not
cxist. This study shows that the source of
product cost distortion is the difference in
the driver usage in ABC and the base usage
in the conventional costing system. The
difference arises because the conventional
cosling system ignores the existence of
batch-related and product—reliucd activi-
ties. The magnitude of the distortion is

jointly determined by the size of indirect
costs and the difference between thedriver
usage (ABC3 and the base usage (the con-
ventional costing system).

ABC has the potential for a signifi-
cant impact in improving product cost
accuracy in companies that exhibit high
volume diversity and/or high size diver-
sity. Since high-volume and large size
products consume significantly less num-
ber of activities as compared to the low-
volume or small size products, the con-
ventional costing system that use only’
volume-related allocation bases tends to
over-cost the high-volume and/or large
size products and under-costed the low-
volume and/or small size products.

This inaccuracy in costing the prod-
ucts might result in misdirection when
management uses this information for,
making decisions. This argument is con-
sistent with the assertion made by Horngren
ct al. (2000) that the choice of cost alloca-
tion methods should be cvaluated in terms
of how the given alternatives influence
management behaviour. Shillinglaw
(1989) argues that the inaccuracy in prod-
uct costing causes the failure of the costing
system to help management in making
product-related decisions. These ill-in-
formed decisions become more important
when companies compete in a market in
which prices are not market driven (cost
leadership market) or in markets where a
multi-product company faces a focused
competition. Substantial costing inaccu-
racies lead to unintentional strategy mis-
takes. For example, the high-volume and
the large size products seem unprofitable
under the conventional costing system and
management might mistakenly stop pro-
ducing these types of products and focus
on the low-volume and/or small size prod-
ucts which seem profitable. In fact, the
costing system’s inaccuracy leads to the

m
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wrongdecisions. Inaddition to more accu-
rate product costs, given that ABC focuses
its analyzes on activities, this system might
potentially provides useful information to
management in their effort to reduce costs.
Unfortunately, ABC is not yet widely
applied in practice. Surveys conducted in
different countries consistently rcport a
low rate of ABC adoption (Cotton et al.
2003; Innesetal. 2000). Shillinglaw (1989)
provides some reasons for the unwilling-
ness of management o adopt this concept.
"First. changes disrupt existing routines,
add to costs, and incrcase uncertainty.
Second. systems with multiple apportion-
ment rates are more expensive than sys-
tems with fewer rates. Second, manage-
ment has not been convinced that added

accuracy would produce significant ben-

.cfits.

This study can be extended in scveral
directions. First, this study shows analyti-
cally that ABC provides more accurate
information about product costs, particu-
larly when volume and/or size diversity
cxist. Itis interesting to study why despite
the considerable anecdotal cvidence that
has been reported in the literature support-
ing the uscfulness of ABC in providing
more accurale information, ABC is not yet
widely applied in practice. One possible
rcason of the low rate of ABC adoption is
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