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Abstract—Effective  development of a  product-cost
management system (PCMS) requires accurate data to make
decisions and improve the quality of practical organizational
processes. Activity-based costing (ABC) is a costing system that
provides more accurate data than former costing systems,
especially for healthcare organizations. ABC uses costing system
principles, activities, and data collection processes; thus, there
are risks to its application. This research investigated risk
factors of using the PCMS at blood centers in Thailand and
evaluated risk response strategies using a mixed methodology.
The study identified risks during four phases: 1) the conceptual
phase, 2) development phase, 3) execution phase, and 4)
finishing phase, to inform users who wish to apply ABC in
similar organizations.

Index Terms—Project risk, product cost management system,
activity-based costing.

. INTRODUCTION

The product-cost management system (PCMS) is a
financial management system that provides administrators
with the exact cost of products [1] and allows an
understanding of costing sources and activities [2]. It
continuously increases the effectiveness of cost management
[3]. Activity-based costing (ABC) is a popular costing system
used in product-cost management because it reflects cost and
resources. It is useful for health service organizations and is
used for costing data services. Applications of time-driven
ABC in developing countries with limited resources or for
health service cost presentations illustrate its usefulness in
providing accurate data for various expenses and process
development [4], [5].

Blood centers use complicated production processes and
services, incorporating various research, production, service,
and support organizations and large expenses for supplies and
durable articles. Thus, the calculation of product costs for
blood centers is complicated, and clear calculations of service
costs are necessary to determine fair service pricing [6]. This
also enables administrators to apply data to decision-making
processes about investment policies for services or to buying
new machines based on understanding of background
information and investment changes [7].

Although the product-cost management system (PCMS) is
based on ABC and is a highly useful technique for cost
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management, it is also high risk because staff must understand
the tasks and principles of ABC, which includes
time-consuming data collection and instruments [4], [8], [9].

Il. LITERATURE REVIEW

ABC emphasizes allocation of indirect product costs based
on production activities and appropriate push factors [8], [10].
Cost management based on ABC is complicated; appropriate
technical factors are necessary, such as uncomplicated cost
management, appropriate programs [11], costs specific to an
operation [12], and sufficient information technology (IT)
staff [13]. Appropriate administrative factors are also
important, such as encouragement of executives and training
and professional development programs for staff to ensure
they apply ABC in their work [11], [13]. Organizations with
complicated production processes and high demands for
accuracy tend to use ABC for cost management [14].

Medical services offered by hospitals and blood centers
have indirect costs that require accurate allocating techniques
for cost management. Campanale et. al. (2014) [15] stated
that the calculation of cost per unit in the field of health and
medical services is based on cooperation between accountants
and medical staff. This is facilitated by innovative accounting
tools that ensure fairness and effectiveness when utilizing
limited resources based on health services data and
accounting techniques. It is necessary to use specialists in
both fields to ensure effective costing, and a lack of specialists
creates higher risk projects that might not be successful.

Few international studies have investigated the risks of
product-cost management in blood centers, even in developed
countries such as the United States [16]. Some research
indicates that such costs are based on the calculation of blood
components for blood transfusions for particular diseases,
such as cancer or for specific applications, such as blood
transportation to hospitals [6]. The study of risk management
during the PCMS for blood service organizations expands
risk management knowledge and provides appropriate ways
to deal with risk during the blood service product-cost
management process.

I1l. RESEARCH METHODOLOGY

This research investigated risk factors for the PCMS using
a case study of blood centers in Thailand and a mixed
methodology to determine the three main steps of risk
management.
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A. Risk ldentification

To identify risk factors, a qualitative technique called
methodological triangulation was used, consisting of
participant observations, documentation, and interviews with
administrators or managers. The results provided risk factors
for the PCMS. This program was divided into four phases:
conceptual, development, execution, and finishing phases.

B. Risk Assessment

Risk assessment involves evaluating risk opportunities and
effects. For the PCMS, 108 samples of the risk evaluation
process were obtained during the case study of blood services,
including samples from administrators, representatives of
central departments, and representatives of blood service
departments acrossThailand. An evaluation form was
generated based on risk factors identified during the first step
to assess risk levels for each risk factor. Then, the results were
analyzed using an exploratory factor analysis (EFA), which is
a technique that categorizes relative factors and removes
unimportant variables [17] to prioritize risk factors during
each phase of a project.

C. Risk Response Strategy

A strategy is developed to respond to prospective risks
after sharing the results of the EFA with specialists from each
department of an organization.

IV. RESEARCH FINDINGS

Based on the EFA, the Kaiser-Meyer-Olkin measure
(KMO) of each phase was found to be different (i.e., 0.813,
0.847, 0.791, and 0.858, respectively), and all were higher
than 0.5. The results of Bartlett's test of sphericity provided a
sig. value for all phases of 0.000; thus, the existing data were
appropriate for conducting an EFA [18]. The data are shown
in Table I.

TABLE I: KMO AND BARTLETT'S TEST OF SPHERICITY

Approx. .
Phase KMO Chi-Square df. Sig.
.00

1. Conceptual 0.813 333.648 15 0
.00

2. Development 0.847 845.267 28 0
. .00

3. Execution 0.791 414.891 15 0
A .00

4. Finishing 0.858 414.817 15 0

According to the EFA, the Varimax method was used to
identify risk factors during the four-phase project. Holistically,
the variables responding to the risks were mainly based on the
highest factor loading, which is described in the following
sections.

Phase 1: Conceptual Phase-The initial phase of the
PCMP was used to investigate the conceptual framework and
components of the project. The research findings presented
six risk factors, with the two most significant risks being
inapprehensible technical or costing data during the
production process, which are shown in Table I1.
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TABLE II: FACTOR LOADING DURING THE CONCEPTUAL PHASE

. Factor
Phase 1: Conceptual Loading
Inapprehensible technical data during the 796

production process of the PCMS
Inapprehensible technical data related to ABC 782
Unclear and inappropriate project operation scope

e 732
specification
Experts developing a production process,
accounting system, and inventory system to be used 725
by the PCMS team
Incomplete data collection .706
Insufficient time scheduled for staff assigned to the 657
PCMS '

Note : Total Variance Explained = 53.510 Percent

Phase 2: Development Phase-During this phase, the
conceptual framework of the PCMS was developed to reflect
the practical operations of the organization. This phase is
associated with eight risks. The two most significant risks
were cost drivers that did not conform to activities or drivers
that were difficult to identify for data collection, as
presented in Table I11.

TABLE Ill: FACTOR LOADING DURING THE DEVELOPMENT PHASE

Factor
Phase 2: Development Loading
Cost drivers that do not conform to activities .855
?ost drivers that are difficult to specify and collect data 822
or

S_takeholders who are not able to send data in a specified 787
time

Stakeholders who understand organizational errors for cost 784

calculation
Incomplete data tested in the cost calculation table 770
PCMS team’s lack of understanding of product transportation

and structure 170
Pilot units do not understand data filling methods .730
Formula corrections using data fillers 721

Note : Total Variance Explained = 61.027 Percent

Phase 3: Execution-This involves the collection and
calculation of product costs. The findings showed that there
were eight risks associated with this phase, with the two
most significant risks being the lack of data following-up
mechanisms and inappropriate content comparisons with
practical applications, as shown in Table IV.

TABLE IV: FACTOR LOADING DURING THE EXECUTION PHASE

Phase 3: Execution Fact_o y
Loading

Lack of data following-up mechanics .819
Manual and inappropriate content comparison of 300
practical applications i
Formula corrections using data fillers 756
Using numbers from several databases does not affect 744
accuracy
Less qppqrtun_ity to explain data-filling methods to 722
organizations in remote areas ’
Staff do not understand data-filling methods and 708

cannot return it
Note : Total Variance Explained = 57.612 Percent

Phase 4: Finishing-This phase closes the project via
practical systems based on the initial objective. There are six
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risks associated with this phase. The two most significant
risks are unskilled PCMS users and trainees or changing
users, as presented in Table V.

TABLE V: FACTOR LOADING DURING THE FINISHING PHASE

Phase 4: Finishing L':)z(ziti?]rg
Unskillful PCMS users .823
Trainees and changing users 784
Unwanted use of new calculation method .764
Insufficient knowledge transformation for users’ needs 759
Incorrect identification for important data access 756
Formula adjustment using data fillers 725

Note : Total Variance Explained = 57.612 Percent

V. DiscussIiON AND CONCLUSION

This research investigated the risks of the PCMS in blood
centers in Thailand to determine risk response strategies. The
research findings presented significant issues during each
phase of the project, which are described below.

During the initial conceptual phase, a conceptual
framework was identified using the PCMS components. The
research findings showed that the highest risk during this
phase was technical data that the PCMS team could not
clearly understand because of the complexity of blood service
organizations and the fact that the team consisted of
accountants and programmers.

The case study included 17 departments and 13 blood
service sectors to assess the product transportation process.
The departments were divided in to three groups. Tier 1
included the main departments produced blood components
and provided special operations. Tier 2 consisted of the
departments indirectly supporting the products, such as blood
stockers, blood product distributors and quality assurance.
Tier 3 included administrative and supporting departments,
such as administrative departments, finance and accounting,
and public relations. These groups were categorized as the
cost of the product and services.

There were three main groups, 12 sub-groups, and 115
product lists. Each product was formed through a complicated
process, involved several parts, and was linked to specific
blood services, such as whole blood or leukocyte-poor red
cell. The second risk in phase 1 was inapprehensible technical
data related to ABC, such as direct cost, indirect cost, and cost
drivers, which affect incomplete and inaccurate data.

Results of risk for these two factors caused the PCMS team
to disconnect from the design and practical working process
of the organization. This agreed with the results of past
research, which found that cost management development
was difficulty for system [14] and made it difficult to identify
appropriate programs [11] because staff lacked training,
interest in cost management systems, and understanding of
such systems [13]. This did not encourage feelings of
possession and dedication by the PCMS team, which
consisted of both accountants and staff from other
departments [14].
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The development phase used data collected during phase
one to develop the PCMS in a way that reflected practical
working processes of the organization. The research findings
indicated that the two most significant risks were cost drivers
that were not relevant to activities and cost push factors and
drivers not specific to the data collection process. These risks
resulted unclear technical data during the production process
and unclear data associated with ABC, which caused
irrelevant cost push factors related to activities. The
production process was also difficult, which caused data
collection limitations.

To be successful during phase two, the organization should
build knowledge of cost management by educating
stakeholders about ABC technical data or appropriate cost
management techniques. Whenever staffs understand cost
management techniques, they are able to apply technical data
during production processes to identify cost push factors and
conform to activities. In terms of data collection difficulties
stemming from push factors, the organization can use
appropriate databases to store data based on an understanding
of ABC techniques.

During the execution phase, the PCMS is applied by
collecting data and calculating product costs. The research
findings showed that the two most significant risks during this
phase were lack of data follow-up mechanisms within a
specific timeframe and insufficient content for practical
application due to staffs that were not comfortable with the
developed cost management system, despite workshop
training programs and written instructions. Moreover, there
was no follow-up process for data collection from each sector
in the system, which made data recording for products and
service cost calculations time consuming. The research
findings confirmed past studies in that training and knowledge
development for cost management calculation programs
among stakeholders could be improved [14] by expanding the
length of time [11].

The finishing phase was the closing phase of the project
and ensured that the developed system could be used as
planned. The research findings revealed that the two most
significant risk factors during this phase were unskilled
product-cost calculation program users and trainers and
changing users. These risks were similar to those found for
other system development projects because training provides
limited time for operation, resulting in users who are not
skillful or able to solve basic application problems.

According to statistical data and interviews, specialists
could propose appropriate risk response strategies for each
phase of project. For example, the conceptual phase should
specify staff components so that internal staff, accountants, IT
personnel and other organizations can understand the
transformation system, including the complete requirements
for the checking process to ensure the needs of the
organization are met.

The development phase should encourage knowledge and
understanding of cost drivers so that staff from each
organization understand and are able to specify cost drivers
that conform to activities and collect data. The execution
phase should provide technical consultants with suggestions
from other organizations to ensure successful data recording,
including systematic progress follow-up planning. The
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finishing phase should specify the names of trainees to
maintain consistency, to record organizational costs, and to
provide technical consultants with suggestions and
recommendation from associated organizations.

Additionally, at each stage, mentioned above, there is a risk
similarity which relating to data collection. Incomplete data
will cause the failure to implement PCMS. The technology of
Accounting Information System (AIS) can help to enhance
the data collection. AIS is a system to collect, process and
store the accounting data for user’s decision making. AIS
provides the advantage of cooperation in term that it serves as
a data pool for all departments in the organization [19]. This
data pool mitigates the risk of incomplete data collection in
conceptual phase and lack of data following up in execution
phase. In addition to AIS, other Information Technology (IT)
can provide the complete data collection, such as human
resource information system and material planning system.
These Information Technology systems would also help to
improve the completeness and accuracy of the data in order to
implement PCMS.

REFERENCES

S. V. Williams, S. A. Finkler, C. M. Murphy, and J. M. Eisenberg, “Improved
cost allocation in case-mix accounting,” Medicare Care, pp. 450-459, May
1982.

F. Yuan and S. Thomas Ng, “Applying activity-based costing
approach for construction logistics cost analysis,” Construction
Innovation: Information, Process, Management, vol. 11, no. 3, pp.
259-281, 2011.

A. B. H. Salem-Mhamdia and B. B. Ghadhab, “Value management
and activity based costing model in the Tunisian restaurant,”

K]

[2

[

International Journal of Contemporary Hospitality Management, vol.

24, no. 2, pp. 269-288, 2012.

R. K. McBain, G. Jerome, J. Warsh, M. Browning, B. Mistry, P. A. Faure, C.
Pierre, A. P. Fang, J. C. Mugunga, J. Rhatigan, F. Leandre, and R. Kaplan,
“Rethinking the cost of healthcare in low-resource settings: The value of
time-driven activity-based costing,” BMJ Global Health, vol. 1, no. 3,
[Online]. Available: http://gh.bmj.com/content/1/3/e000134

S. Akhavan, L. Ward, and K. J. Bozic, “Time-driven activity-based costing
more accurately reflects costs in arthroplasty surgery,” Clinical Orthopedics
Related Research, vol. 474, no. 1, pp. 8-15.

A. Shander, A. Hofmann, S. Ozawa, O. M. Theusinger, H. Gombotz, D. R.
Spahn, “Activity-based costs of blood transfusions in surgical patients at four
hospitals,” Transfusion, vol. 50, pp. 753-765, 2010.

A. Liberman and T. Rotarius, “A new cost allocation method for
hospital-based clinical laboratories and transfusion services: Implications for
transfusion medicine,” Transfusion, vol. 45, pp. 1684-1688, 2005.

A. Khozein and M. Dankoob, “Activity based costing system and its
succeed implementing in organizations,” Australian Journal of Basic
and Applied Sciences, vol. 5, no. 10, pp. 613-619, 2011.

R. Maelah and D. N. lbrahim, “Factors in influencing activity based
costing (ABC) adoption in manufacturing industry,” Investment
Management and Financial Innovations, vol. 4, no. 2, pp. 113-123,
2007.

A. Henrik and U. Nilsson, “Activity-based costing: Effects of
long-term buyer-supplier relationships,” Qualitative Research in
Accounting & Management, vol. 4, no. 3, pp. 222-245, 2007.

M4

[l

[6]

[1

[

[

[10]

412

[11] J. A. Majid and M. Sulaiman, “Implementation of activity based
costing in Malaysia: A case study of two companies,” Asian Review of
Accounting, vol. 16, no. 1, pp. 39-55, 2008.

K. Soin, W. Seal, and J. Cullen, “ABC and organizational change: An
institutional perspective,” Management Accounting Research, vol. 13, pp.
249-71, 2002.

R. R. Duh, T. W. Lin, W. Y. Wang, and C. H. Huang, “The design and
implementation of activity-based costing: A case study of a Taiwanese textile
company,” International Journal of Accounting and Information
Management, vol. 17, no. 1, pp. 27-52, 2009.

W. Chongruksut and A. Brooks, “The adoption and implementation
of activity-based costing in Thailand,” Asian Review of Accounting,
vol. 13, no. 2, pp. 1-17, 2006.

C. Campanale, L. Cinquini, and A. Tenucci, “Time-driven
activity-based costing to imrove transaprency and decision making in
healthcare,” Qualitative Reasearch in Accounting & Management,
vol. 11, no. 2, pp. 165-186, 2014.

R. W. Toner, L. Pizzi, B. Leas, S. K. Ballas, A. Quigley, and N. I.
Goldfarb, “Costs to hospitals of acquiring and processing blood in the
US: A survey of hospital-based blood banks and transfusion
services,” Applied Health Economics and Health Policy, vol. 9, no. 1,
pp. 29-37, 2011.

D. Fitch, “Structural equation modeling the use of a risk assessment
instrument in child protective service,” Decision Support Systems in
Emerging Economies, vol. 42, no. 4, pp. 2137-2152, 2006.

J. F. Jr. Hair, R. E. Anderson, R. L. Tatham, and W. C. Black,
Multivariate Data Analysis, 5th ed. New Jersey: Prentice Hall, 1998.
J. R. Williams, S. F. Haka, M. S. Bettner, and J. V. Carcello, Financial &
Managerial Accounting: The Basis for Business Decisions, 16th ed. New
York: McGraw-Hill Irwin, 2012.

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

Orapan Khongmalai was born in Supanburi, Thailand, in
1975. She received her Ph.D in 2009 in international
business from School of Management, Asian Institute of
Technology (AIT). She has been an assistant professor at
the College of Innovation, Thammasat University,
Thailand. Her teaching areas include project management,
knowledge management, and change management. Her
current research projects and activities focus in the areas of performance
management, project management, sustainable development, and social
innovation.

Varaporn Pothipala received her B.Sc. and M.Sc. in
accounting from Faculty of Commerce and Accountancy,
Thammasat University. She has many years of experience
in management accounting, especially in health service
Non-for-profit organization.

Anyanitha Distanont, D.Sc. (Tech) received her BBA
(1st Class Honours) in operations management from the
Kasetsart University, Thailand in 2005, and her M.Sc in
technology management from the Thammasat University
in Thailand in 2008. She received her doctoral degree in
the Department of Industrial Engineering and
Management (DIEM) at the University of Oulu, Finland
in 2013. Her research interests cover knowledge transfer, tech-startup, new
product development, and technology management.



