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Abstract—This study aims to analyze the existing federal 
acquisition policy in public healthcare in the United States, 
especially in the case of childhood immunization, and then 
propose a new multiple items multiple vendors model to 
accomodate these criteria, with the objectives of lowering costs 
including transportation and wastage. It develops an integrated 
spreadsheet based software to collect data with an automated 
web based scraper/crawler that allows to: forecast demand, 
analyze vendors, estimate overall cost and provide useful 
information for decision makers. This study uses the case of 
children’s immunization vaccines as an example to illustrate its 
contribution. . The proposed system also addresses the challenge 
of implementing the new government recommended 
immunization requirements in a cost effective manner. In 
addition, the new acquisition decision support system enhances 
the transparency of healthcare costs, especially in the public 
health service. 
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I. INTRODUCTION 

The shortage of the influenza A virus (H1N1) vaccine in 
2009 and other similar incidents in the past ten years[1, 2], 
including shortages in children’s immunization vaccines, is 
what motivates the authors of this study to investigate the 
existing acquisition policy in the healthcare industry. The 
frequent was tagein vaccine[3]and other emergency medical 
supplies cost taxpayers billions of dollars each year due to a 
poorly managed acquisition policy by the healthcare 
industry[4]. This wastage adds to the high cost of healthcare in 
the United States, which is higher comparing to other 
developed countries[5]. One major area where vaccine wastage 
occurs is during childhood immunizations, which is 
conpounded by the challenge of incorporating new vaccines 
into the already crowded immunization schedule adopted by 
the U.S. governement.  In addition, an increasing numbers of 
health providers and parents are opposed to add immunization 
requirements, which prevents an efficient resource 
management[6-8]. 

One approach to reduce wastage and overall costs in the 
healthcare industry is to develop better acquisition policy tools 
than are currently available to decision makers. According to 
the Centers for Disease Control and Prevention (CDC), there 

are a number of manufacturers who can provide multiple 
vaccines and other emergency supplies with different pricing 
schedules, even under the Federal contract purchase price due 
to different purchase financing systems[9-12]. These 
manufacturers can also offer different pricing schedules on the 
purchase of combinations of vaccines to enable purchasers to 
take advantage of the economies of scale[13]. However, these 
manufacturers are privately owned and profit driven 
organizations, and their production schedule depends on the 
nature of vaccine production and on accurately predicting the 
market needs. These needs include purchase contracts from the 
Federal government, public sector and private clinics, which 
result in manufacturers having little motivation to provide 
pricing flexibility[14, 15]. These challenging issues are here 
investigated and a new acquisition model is proposed to lower 
costs and reduce wastage. 

II. PRIOR POLICY ANALYSES AND RESEARCH STUDIES 

According to a 2006 study by [16], none of the existing 
decision support systems which handle contract types and 
organization relationships consider quality management 
because its complexity, although the U.S. Department of 
Defense began employing quality management techniques after 
the WWII[7, 17, 18]. Other government agencies such as 
NASA also employ a quality assurance standard to their 
contractors[19]. Quality management concepts have also been 
examined in the context of the public health care field[20, 21]. 
In the private sector, a quality management decision support 
system is implemented as a part of the Enterprise Resource 
Planning System as a tool to collect data from different 
suppliers. Academic researchers in the quality management 
fields study the impact of information on contracting and 
quality management and some recommend the structure of a 
decision support system as a concept and define a prototype but 
never implemented it as operational tools that can be easily 
used/integrated into existing procurement systems. Their 
proposed mathematical models focus on finding the key factors 
by using analytic hierarchy processes for multiple criteria under 
the assumption of independency of criteria. There is no 
quantitative analysis tool available to a decision-maker in the 
acquisition process to evaluate/select vendors. Many existing 
decision support systems in the acquisition process are 
document based to provide guidelines/information, for example, 
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the Surface Decision Support System provided to the U.S. 
Department of Transportation. 

According to the General Service Administration and the 
U.S. Department of Health and Human Service, the existing 
acquisition policies and procedures conform to the Federal 
Acquisition Regulation System (FARS), which monitors 
contracting relationships between the contracting offices and 
contractors. A quality surveillance plan should be implemented 
and the contractor should be evaluated on performance based 
criteria. There are 11 criteria to be considered but the 
evaluation is carried out by an expert panel with a list of 
weighted factors to be considered. There is no general decision 
support system available to the decision maker (expert panel) 
on evaluating the vendors based on the quality management 
criteria in addition to the criteria listed by the FARS. . These 
criteria are weighted according to the general guideline but no 
specific model or tool is available to integrate the criteria into a 
software system for decision support. The FARS and its related 
policies might bring challenges in adopting this decision 
support system software across federal agencies. One of the 
main challenges will be the organizational resistance to adopt a 
new decision tool and the difficulty of integrating that tool into 
the different systems each agency uses. However, there is no 
barrier in the private sector for adopting the proposed system as 
an analytical tool to help businesses improve their performance. 
Contractors can also employ the tool to design financial 
strategies to customize service packages, or to better estimate 
the cost of transportation. If the decision support system 
becomes popular among the contractors, it will increase its 
credibility among federal agencies and encourage the effort to 
integrate it into their decision support systems.By designing 
this new tool in a spreadsheet based format, this should reduce 
implementation barriers, as it can be easily integrated into 
existing procurement systems. 

III.  METHODOLOGY 

This study departs from current acquisition practices and 
brings significant innovation to the acquisition model. Its main 
advantages and innovations are: 1) automatic data collecting 
from different sources and forecasting of demands; 2) a new 
two-step decision model with the evaluation procedure of 
suppliers on quality management criteria, via a data 
envelopment analysis (DEA) approach, and the selection 
procedure of suppliers on supplier interdependent criteria, via a 
non-linear multiple criteria decision analysis (MCDA) 
approach; 3) address multiple issues simultaneously in the 
model; 4) an integrated spreadsheet based software system that 
includes the cost of distribution and transportation, and is 
designed to be easily to implemented with current medical 
management systems in public and private sectors. 

The model and methods are programmed into a speadsheet 
based software system. The real world data such as the federal 
contracted companies and other medical suppliers from the 
CDC website and other public domains will be collected using 
web based free screen scraper or crawler software and used to 
evaluate the performance of the proposed model.  The 
outcomes of the proposal model and methodology are 
measured through a simulation using real world data with 

different scenarios in terms of acquisition cost, quality 
management of different vendors, and other criteria. 

The first stage of the research is to analyze the data 
collected and stored in a spreadsheet format by the web based 
automatic scraper/crawler from the CDC websites, U.S. Census, 
the U.S. Department of Health and Human Services, General 
Service Administration, and other public domains. The 
development of the demand forecast involves several statistical 
methods (available on the spreadsheet software) such as 
multiple regression analysis, nonlinear regression, 
decomposition analysis, adaptive filtering, and trend analysis. 
The forecasting error is analyzed through the analysis of 
variance. 

The second stage is to build a decision model for 
acquisition, which consists of two steps:  1) evaluation and 
selection; and 2) cost optimization. The evaluation process of 
multiple suppliers is based on an extension of the data 
envelopment analysis (DEA) model using quality management 
criteria in addition to the criteria listed in the Federal 
Acquisition Regulation for the public sector and reports the 
rank of the suppliers of each product to create a preferred 
supplier pool. In the private sector, the criteria listed in the 
FARS will be considered as optional criteria. The selection 
process of multiple suppliers is a nonlinear multi criteria 
decision analysis (MCDA) model based on the analysis of the 
interdependence among products and suppliers from the pool of 
preferred suppliers and it reports the best groups of suppliers. 
The transportation cost optimization is based on the fixed-
charge transportation model.  

The quality management based DEA model provides a 
rounded judgment on supplier performance taking into 
consideration multiple quality management criteria 
simultaneously, including the criteria listed in the FARS and 
then combining them into a single measure for quality control. 
The mathematical model is solved for every medical item and 
the relative quality score of each supplier is determined. The 
results of the DEA model show that the higher a supplier’s 
quality score in relation to the corresponding score of another 
supplier, the higher the rank of this supplier is in term of 
quality. This interdependent relationship plays an important 
role in terms of supply risk and long term partnership. The 
DEA model is an effective approach for vendor evaluation but 
it cannot be used to evaluate the supply risk and partnership 
during the selection process. This important issue is often 
overlooked in the evaluation of vendors, especially when they 
are contracted by the government for longer terms and it can 
cause shortages and waste of vaccines.  

In the nonlinear MCDA approach, a decision-maker could 
simultaneously consider a pool of suppliers from the evaluation 
process and also choose a set of suppliers to address supply 
risks and partnership issues. The basic notation of this process 
is defined as: 

1{ , , }nN v v= … is the set of suppliers 
1{ , , }mP p p= … is the set of medical items 

, ( 1, , )iv i n= … is supplier i  
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, ( 1, , )jp j m= … is medical item j  

( )iI v is the number of medical items provided by supplier 
iv in the selection pool 

{1, , }Q q= … is the set of interdependent criteria 

i
kc

is the effect of supplier i  on criterion k  

kS is a set of suppliers that if selected together have some 

positive or negative effect on  criterion k  

( )kSγ is the amount of effect (positive or negative) of an 

interacting set kS on criterion k  

kw
 is the weight associated with criterion k  

( )Sφ is the total payoff benefit of a subset of suppliers 
S N⊆  

D  is the number of suppliers selected 

ijx
is equal to 1 if an supplier 

iv  is selected for itemj  and 
0 otherwise 

1

( )

m

ij
j

i i

x

y
I v

==
∑

 is equal to 1 if all of items from supplier 
iv  are 

selected as a bundle of items and 0 otherwise. 

In general, the interdependency relationship can be 
measured by a number of criteria: economies of scale, resource 
and risk sharing, and ownership or partnership.  With regard to 
the interdependent relationship, there is a weight to each 
criterion, and the model is represented by a nonlinear 
programming function as follows:  

���	�����∈	�∈

�����∈� �

+� � ����(�)��� ������
����⊆	∈� ��������

																														(1) 
s.t. �!��∈	 ≤ #																																																			(2) 

��� , !� ∈ &0,1(, ) = 1,… , ,, - = 1, … ,. 
This function can be solved by a spreadsheet solver such as 

Frontline Premium Solver and provide the selection results for 
vendors in the next step of cost optimization. In the case of 
children's immunization problems, the schedule of combined 
vaccines will be included in the interdependent criteria in the 
decision model. The transportation cost optimization model is 
based on the fixed-charge transportation problem, which arises 
frequently in the application areas of scheduling and cost 
control. In a medical supply system, a variety of sources 
including international suppliers, local manufacturers, and 

wholesalers are all capable of sending medical supplies to a 
primary distributor. The primary distributor has to develop a 
transportation strategy for cost control.  

The next step in the process of solving this issue is to model 
it as a fixed-charge transportation problem. The fixed charge 
problem determines the amount of shipments made from a 
given set of suppliers to a single destination, such that the total 
demand is satisfied at a minimum cost.. A fixed charge and 
cost proportional to the quantity shipped occurs when a 
supplier is employed. The fixed charge problem can be 
mathematically formulated in terms of an integer programming 
problem as follows: 

�),	/0 = �(1�2� + 3�4�)																																								(3)6
�78  

s.t. 

�2�6
�78 = #																																																																	(4) 

		0 ≤ 2� ≤ :�4� 	4� ∈ &0,1(	�,2	) = 1,… ,� 
Where D is the demand magnitude, M is the number of 

suppliers, Fi is the fixed management cost incurred when using 
supplier i, bi is the capacity of supplier i, fi is the elective unit 
variable cost of supplier i, and zi is an integer variable taking 
the value of 1 when supplier i is used, and 0 otherwise. The 
solution to the problem is a vector d=(d1..d2..dM) of 
nonnegative integers (also called the transportation profile) for 
which di is the amount allocated to supplier i. 

This linear integer programming model can be solved 
using a standard spreadsheet solver and reported to the 
decision maker in a numeric or graphic fashion.  

IV.  CONCLUSION 

While the analytical methods in this study are ready to be 
implemented, the collection of data from different sources may 
be limited. Different governmental agencies have their own 
lists of vendors and specific evaluation criteria/procedures 
under the Federal Acquisition Regulation System. In the case 
of childhood immunization, the list of vendors of vaccines and 
their cost profiles might not be frequently updated. 

This study departs entirely from current acquisition 
practices and brings significant innovation to the current 
acquisition model. Its main advantages and innovations are: 1) 
automatic data collecting from different sources and 
forecasting of demands; 2) a new two-step decision model 
with the evaluation procedure of suppliers on quality 
management criteria, via a data envelopment analysis (DEA) 
approach, and the selection procedure of suppliers on supplier 
interdependent criteria, via a (MCDA) approach; 3) multiple 
issues can be addressed simultaneously in the model; 4) an 
integrated spreadsheet based software system that includes the 
cost of distribution and transportation and is designed to be 
easily to implemented with current medical management 
systems in public and private sectors. The proposed system 
also addresses the challenge of implementing the new 
government recommended immunization requirements in a 
cost effective manner. 
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