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On behalf of the GCETM 2015 Organizing Committee, I welcome you to the GCETM 2015 in Chicago, Illinois, USA. The GCETM
2015 will be a forum for academics, managers and solution providers, which brings together researchers and practitioners
from all over the world, promoting opportunities to share experiences, debate ideas, identify tendencies, and introduce the
latest developments in the largely multidisciplinary field of Engineering & Technology Management. This will be accomplished
through the following three modes of communication: keynote presentations, parallel sessions, and a poster session. This is
especially important since this field can largely benefit from increased collaboration.
Companies are under severe pressure to find pioneering ways to both maximize revenue and reduce costs. High cost bases
and inefficient, inflexible operations are no longer acceptable. Managers are in doubt as to whether their organizations are
prepared to meet ever‐increasing expectations for sustainable growth as they continue to deal with the challenges of the
global business environment. Used appropriately as a major performance lever, engineering and technology management
programs can help organizations achieve an acceptable level of sustainable growth. This conference will shed light into
engineering and technology management techniques and practices that may help organizations in their quest to achieve
sustainable growth. We have a great program and fantastic keynote speakers this year. The participants will receive a wide
range of perspectives of industrial and scientific approaches and out of academia knowledge from our esteemed keynote
speakers.
The GCETM 2015 will take place from September 4th to September 5th at Embassy Suites Chicago‐Downtown Hotel in
Chicago. Chicago is a unique multicultural city located on the shores of Lake Michigan with easy access through two
international airports and railroads. It is the heart and soul of the Midwest. Chicago is rich in history, traditions, culture, sport,
music, international cuisine, attractions, and shopping. This beautiful city is home to nearly 3 million people, and from 4 to 5
September 2015, will also be home to the 2nd GCETM ‐ GCETM 2015.
I would like to welcome you to the GCETM 2015 and wish you a wonderful time in Chicago!
Best regards,

Fethi CALISIR, Ph.D.
Conference Chair
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Victoria Jordan, PhD
Executive Director, Strategic Management and Systems Engineering
MD Anderson Cancer Center, USA
04 September 2015 - River North CD
Strategic Planning and Management in Healthcare
Abstract
In health care, there is a tendency to try to “work on everything”. In reality, we have limited resources and to be successful,
leadership has to make “difficult decisions” and set priorities. In this presentation, Dr. Jordan will share the journey that the
UT MD Anderson Cancer Center has initiated in defining a strategic plan that is aligned, resourced, and actionable. Learn how
focus areas were defined and then cascaded into goals, objectives, and action plans using a catch‐ball method with faculty and
all stakeholders. Recognize the complexities of aligning goals with the budgetary, facilities planning, and performance and
incentive planning efforts. Discover the supporting structures that had to be put in place to assure leadership, communication,
coordination, and momentum. Taking a strategic plan from a “book on a shelf” to a way of leading an organization is the
subject of this keynote address.
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Mark Harris
President & CEO
Illinois Science & Technology Coalition (ISTC), USA
04 September 2015 - River North CD
Driving Research and Tech Innovation as an Intermediary Organization
Abstract
The Illinois Science and Technology Coalition (ISTC) is a nonprofit, member‐driven organization that harnesses the power of
research and innovation to expand and enrich the state’s economy. Created by the State of Illinois 25+ years ago, ISTC forges
public‐private partnerships among industry, research institutions, federal labs, and government to increase investments in
research and technology, develop talent, promote awareness and policies, and drive job growth in Illinois.
With a highly diverse economy, world‐class logistics, the global headquarters of 33 Fortune 500 companies, and a vibrant
entrepreneurial community, Illinois’ knowledge economy connects cutting‐edge research and a highly skilled workforce to
turn ideas into new products and companies. Our legacy of innovation includes the cell phone, the ultrasound, the light‐
emitting diode (LED), the web browser, and game‐changing medications. As an intermediary organization for the Illinois
innovation economy, the ISTC serves as an impartial convener and broker around federal grant opportunities and other
partnerships, catalyzes new initiatives that fill gaps in Illinois’ research and innovation pipeline, and champions the state’s
tech economy through advocacy and data‐driven reporting.
The ISTC also runs the Illinois Corporate‐Startup Challenge, a program that accelerates corporate innovation through highly
curated engagement with entrepreneurs, disrupters and emerging‐growth companies. Developed in 2013, the program
assembles a class of Fortune 1000 corporations on a semiannual basis to facilitate impactful partnerships with the startups
and early stage/emerging businesses that will power it through the 21st century. Participating corporations start by
identifying their unique innovation needs ‐ from data analytics and sensor technologies to energy/power management and
app development. Then, the ISTC curates and vets potential partners through a statewide network of more than 50 referral
partners, including research universities, tech parks, incubators/accelerators, and the angel/venture community. The process
culminates in private demo day showcases where corporations select 8‐12 startups to present to the executive suite (CMO,
CTO, CIO, Venture group, etc) to determine opportunities to collaborate.
To date, 102 startups have presented at twelve corporate demo days (Allstate, Walgreens, John Deere, Molex, Motorola
Mobility, Exelon, ADM, Hyatt Corporation, Microsoft, State Farm, UL, and Danfoss). Of these, 68 have forged connections with
one or more of the corporate partners, with at least 50 currently exploring mentorship, joint development agreements/pilot
engagements, strategic partnerships, contracts, or investment opportunities. Meanwhile, corporate partners have accelerated
their own new products, services, and business competitiveness by gaining insight into the entrepreneurial community’s
brightest innovations.
www.gcetm.gjcie.org
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Ann P. Kalayil, PhD
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How GSA is Using Technology to Build a Sustainable Government
Abstract
The US General Services Administration (GSA) is responsible for delivering the best value in real estate, acquisition and
technology services to government. As an agency that manages 354 million square feet of federal space within 9,600 federally
owned or leased buildings, GSA plays a significant role in helping government reduce its environmental footprint. Presidential
Executive Order 13693 has mandated all Federal Executive Branch Agencies to increase energy efficiency, reduce fleet
petroleum consumption, conserve water, reduce waste, support sustainable communities, and leverage the Federal
purchasing power to promote environmentally‐responsible products and technologies. Because the Great Lakes Region spans
across six states, GSA has many opportunities to leverage its resources to support and enhance the economic viability of the
communities where we live and serve. This presentation of the US General Services Administration’s Great Lakes Region
Strategic Sustainability Plan 2025 is the agency’s roadmap to “greening” our federal buildings, workplaces, transportation, and
supply chain. The presentation will illustrate how GSA relies on technology to reduce energy consumption, increase waste
diversion, reduce water consumption, and reduce our overall carbon footprint. Examples of the use of advanced metering, a
Fault Detection Diagnosis analytics platform, LED lighting, sensor based controls for irrigation systems and use of cloud
infrastructure among other advanced technologies, will show that GSA is on the forefront of sustainability enhancing
technologies. GSA’s Green Proving Ground promotes green technology innovation through partnerships with the industry and
academia.
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Fady A. Harfoush, PhD
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From Big Bang to Big Data
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Abstract
In the last two years more data is created than in the entire world history. The rate continues to grow at a very rapid pace.
The landscape is changing, and we are witnessing a major paradigm shift, greater than the introduction of the internet. Every
aspect of our lives, from facial recognition to wearable health monitoring to geospatial location, are captured and analyzed in
almost real‐time. While some are busy recreating the big bang moment thought to be when the world was first created, others
are analyzing big data to predict the future and to shape a new world. In the not so distant future driverless cars will be
travelling the highways, drones will be circulating the space, learning machines will be diagnosing our health, and robots will
be serving our meals. Access to technology is getting easier and cheaper. The big technology divide is giving away to the big
data divide. Many in industry are discovering the competitive edge is not access to the data. It is rather how to extract the
actionable insights from the vast amount of data, and do it in almost real‐time. As we succumb to this new reality, we are
challenged to enhance our creativity, to explore new frontiers, and to insure we have a healthy growing and sustainable
environment. With many working to adapt to the rapidly evolving landscape, academic institutions are no less spared the
burden. Old methods of teaching are being revised. Knowledge is now freely available and in abundance. The question is not
anymore what knowledge one acquires but rather what one can do with that knowledge. Critical thinking, quick decision
making, inquisitive mind, innovative and entrepreneurial approach to problem solving, and emphasis on applied learning are
the new requirements. Open source, open data, and open learning platforms are creating a global ecosystem for collaboration
and for learning. The opportunities are enormous, the competition is fierce, and there is no room for mediocracy. As we
confront this massive information explosion we ought to be mindful of the careful balance that allows for a sustainable
growth, and where humans and machines can coexist in harmony.
The speaker will share valuable insights stemming from his own experience interconnecting engineering, science, research,
entrepreneurship, innovation, and academia.
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Income Distribution of Research and Development Network
Manufacturing
Sasa Ding
School of Business, Beifang University of Nationalities
Ningxia, Yinchuan 750021, P.R.China
Guorong Chai
School of Management, Lanzhou University
Gansu, Lanzhou 730000, P.R.China
Abstract
With the rapid development of information technology and economic globalization, enterprises environment in which
has undergone tremendous changes, a single enterprise is hard against the fierce market competition, the integration
of external resources to respond quickly to market demand become the trend. The R&D(research and development)
network manufacturing will integrate complementary core manufacturing enterprises into strategic communities of
interest with the objective of maximizing the overall interests. But the income distribution is a core and sensitive issue
of R&D network manufacturing, how to formulate a fair and reasonable income distribution scheme is the key to the
success of R&D network manufacturing. This paper using the reliability theory and accounting knowledge, from the
perspective of cooperative game theory, firstly, researches on the relationship among the overall net network income
to work effort, income distribution coefficient and risk coefficient. Secondly, analyzes when the overall net network
income reaches its maximum, how the work effort, income distribution coefficient and risk coefficient to change, and
then optimize them. Finally, putting forward this paper's research results and management implications.

Keywords

Income distribution coefficient, work effort, risk coefficient

1. Introduction

With the information technology rapid development and economic globalization increasing advance, enterprises
environment has changed dramatically, integration of external resources to quickly respond market changes has
become inevitable choices for enterprises obtaining sustainable competitive advantages. The network manufacturing
makes use of the advanced network technology, manufacturing technology and other related technologies, makes
manufacturing resources that are dispersed in the different geographical quickly combined into the dynamic alliance
that goes beyond space constraints and faces the industry chain, to high-quality and low-cost provide products and
services required by the market. According to the innovation of manufacturing objects, the network manufacturing
can be divided into the traditional and the R&D, in which traditional network manufacturing enterprises mainly
provide standardized products, while R&D network manufacturing enterprises mainly supply innovative products. For
example, the Boeing 787 is a typical R&D network manufacturing, its cooperative enterprises around the world (our
country's Chengdu aircraft factory, Shenyang aircraft factory and Harbin aircraft factory three companies separately
undertook the rudder, wing-body fairing panels and vertical fin front edges manufacturing tasks). How to scientifically
and rationally allocate the cooperative income among numerous of participating enterprises, is a problem that must be
addressed to the R&D network manufacturing.
The supply chain, the cooperation and innovation, the virtual enterprise and the strategic alliance all have researched
income distribution problems. Iyer and Bergen(1997), described the cooperation income distribution mechanism of
which manufacturer rapidly response to retail channels. Juhong-Chen and Yingluo-Wang(2002), built the virtual
enterprise income distribution game model, analyzed factors that should be considered during the income distribution,
and demonstrated the necessity of cooperation mechanism that be designed in the virtual enterprise. Yanfeng-Zhang
and Yi-Liu(2003), analyzed sources of strategic alliance value creation, conditions that collaborators joined the
strategic alliance, and basic rules of income distribution. Jihua-Lu and Huide-Pan(2003) built the income allocation
model of technology development projects, in order to define income distribution coefficients among cooperative
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parties. Shaohua-Lu and Zhixiang-Tao(2004), demonstrated the insufficient of bargain game and non-cooperative
game, pointed out that negotiation game is the best strategy of price game, but it is often lack of stability. Jianhua-Dai
and Hengxin-Xue(2004), put Shapley value of solving cooperative multiplayer measurement problems into the income
distribution of dynamic alliance partner enterprises, and put forward a modification algorithm based on risk factors.
Xue-Liu and Qianzhi-Zhuang(2006), systematically analyzed characteristics of cooperative innovation and sources of
risk factors, and proposed the cooperation and innovation risk-sharing and income distribution standards.
The R&D network manufacturing is a new form of production organization, adapted to the needs of today's
technological and economic development. Compared with general sense of supply chain, cooperative innovation,
virtual enterprises, strategic alliances and other production and organization model, the R&D network manufacturing
has two outstanding features. Firstly, The R&D network manufacturing can integrate manufacturing capabilities in a
larger scale, so its synergistic effect is more prominent. Secondly, due to the dynamic and openness of manufacturing
network, and the uncertainty of research and development process, the R&D network manufacturing holds the greater
risk. Against the above characteristics, draw on the aforementioned researches, this paper, firstly, built the R&D
network manufacturing income distribution model, analyzing optimal parameters and improving mechanisms of
network manufacturing income distribution model, finally, put forward this paper's research results and management
implications.

2. Research and development network manufacturing income distribution model

Assuming that R&D network manufacturing is made up of the chief enterprise(M) and Leaguer enterprises Ni
(i  1,2,3,L ) , the chief enterprise(M) and Leaguer enterprises Ni (i  1,2,3,L ) are cooperative relationship, the main
symbols and definitions of income distribution model shown in table 1.
symbol

M
N

i

The unit R&D variable cost of M，and M  0
The unit R&D variable cost of Ni，and  Ni  0
The R&D fixed cost of M，and fM  0
The R&D fixed cost of Ni，and f Ni  0

M
N

i

fM
f Ni

The risk coefficient of M, and M  1
The risk coefficient of Ni，and  Ni  1
The income distribution coefficient，and 0    1
The network effect coefficient，and t  1
The direct cooperative coefficient of M and Ni，and ki  1
The constant pay M to Ni，and Ti  0
Order quantity agreed in contracts between M and Ni , and Q  0

M
N


Table1: Symbols and their definitions
definition
The work effort of M, and 0  M  1
The work effort of Ni , and 0  Ni  1

i

t

ki
Ti
Q

In the network manufacturing management practice, the chief enterprise(M) often takes node management methods
to leaguer enterprises Ni (i  1,2,3,…) business, emphasizes the work results of leaguer enterprises Ni (i  1,2,3,…) ,
and rarely monitors the whole network manufacturing production process. The manufacturing industry has no
supervision systems similar to the construction industry, once emerge sudden perturbations, and it is difficult to realtime control, therefore, resulted the risk and network manufacturing income always occur to the geometry mutation
and nonlinear diffusion. So the R&D cost of the chief enterprise(M) and leaguer enterprises Ni (i  1,2,3,…) can be
expressed as ki MM  and ki NN  . ki is the linearity cooperative relationship between the chief enterprise(M)
t

t

and leaguer enterprises Ni (i  1,2,3,…) , and is also the strategic importance of leaguer enterprises Ni (i  1,2,3,…) in

the overall network, the general measuring formula is ki   rij (e  fk j ) , where rij is the line value connection of the
j
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chief enterprise(M) and leaguer enterprises Ni (i  1,2,3,…) . k j is the centrality of chief enterprise(M) in this network
manufacturing environment. e and f are two non-negative constants. t is the network effect relationship of the chief
enterprise(M) and leaguer enterprises Ni (i  1,2,3,…) , and is also the cohesiveness or integration of the entire network
manufacturing.
So the cost of chief enterprise(M) and leaguer enterprises Ni (i  1,2,3,…) is:



CM   M  Mt  M Q +f M + Ti 
i



(1)



CN    Ni  Nt i  Ni Q +f Ni   Ti 
(2)
i
i


In which, ( Mt MQ+f M ) is the R&D cost of the chief enterprise(M), ( Nt i  Ni Q +f Ni ) is the R&D cost of leaguer
enterprises Ni (i  1,2,3,…) . M is the risk coefficient of chief enterprise(M),  Ni is the risk coefficient of leaguer
enterprises Ni (i  1,2,3,…) . So the total network cost is: C  CM  CN . The total network income of the chief
enterprise(M) and leaguer enterprises Ni (i  1,2,3,…) is related to the network effect coefficient t J. Scott(2007)，
and the direct cooperative coefficient ki :
RM  (1  M )t  ki

(3)

RN   ki (1  Ni )

(4)

R  (1  M )t  ki   ki (1  Ni )t

(5)

P  R  CM  CN

(6)

i

t

So the total network income is:
The net network income is:

i

i

i

The net network income of chief enterprise(M) and leaguer enterprises Ni (i  1,2,3,…) is:

PM   R  CM

(7)

PN  (1   )R  CN

(8)

For the particular network manufacturing, the unit R&D variable cost（M， Ni）and the R&D fixed cost（f M，f Ni）,
the order quantity Q agreed in contracts between the chief enterprise(M) and leaguer enterprises Ni (i  1,2,3,…) , the
network effect coefficient t , the direct cooperative coefficient ki and the constant pay Ti of the chief enterprise(M) to
leaguer enterprises Ni (i  1,2,3,…) are all fixed values. This paper assumes that leaguer enterprises Ni (i  1,2,3,…)
are homogeneous, that is, the R&D fixed cost（f M，f Ni）of the chief enterprise(M) and leaguer enterprises Ni

(i  1,2,3,…) , and the direct cooperative coefficient k j of the chief enterprise(M) and leaguer enterprises Ni
(i  1,2,3,…) can be regarded as constant. They have no effect on this paper's research results, so we will not explore
them. Therefore, the formula (7) and (8) shows that, in the R&D network manufacturing, the work effort（M，Ni）,
the income distribution coefficient (，
1   ) and the risk coefficient（ M， Ni）are determined on the net network
income ( PM，PNi ) of the chief enterprise(M) and leaguer enterprises Ni (i  1,2,3,…) .
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3. Research and development network manufacturing income distribution parameter
analysis

The R&D network manufacturing is sublation and innovation to the traditional manufacturing model, shows on rapidly
combines in space, timely response in performance, highly open on structures and parallel operation on procedures.
The R&D network manufacturing conforms to the market globalization and manufacturing globalization, has become
the main trend in the development of modern manufacturing, due to the dynamic and openness of the network
manufacturing, and the uncertainty of research and development process, compared with the traditional manufacturing
model, the R&D network manufacturing has greater risk.
3.1 Work effort analysis
In the market environment, the chief enterprise(M) and leaguer enterprises Ni (i  1,2,3,…) , when their decisions are
independent without disturbing each other. We assume that the income distribution coefficient  is a constant, and
analyze how the chief enterprise(M) and leaguer enterprises Ni (i  1,2,3,…) would choose their own work effort level.
According to the formula (7) and (8), separately formulate the partial derivative of the work effect（M，Ni）of the
chief enterprise(M) and leaguer enterprises Ni (i  1,2,3,…) , and then obtain the optimal work effort（M，Ni）of the
chief enterprise(M) and leaguer enterprises Ni (i  1,2,3,…) when they pursue their maximum income:
PM M   tM t 1  ki  t M M QM t 1

(9)

i

PNi Ni  (1   )tki Ni

 t 1

 t  Ni  Ni QNi

t 1

(10)

From the equation (9) and (10) can be obtained the work effect M ，  N i (let   (Q ki )

2
1 （t 1）

) is:

i

2

(11)

M  ( 1  M  M )(t 1)  
( 1- ）  N N )
N （
1

i

i

i

( t 1)2



(12)

From the equation (11) and (12), we can see that, because of the minimum of the order quantity Q is
Q   (t  1)M 2t  ki (t 1) M M , so the minimize of the order quantity Q primarily depends on the relationship
i

between the network effect coefficient t and income distribution coefficient ( ,1   ) . The more leaguer enterprises
Ni (i  1,2,3,…) take part in the R&D network manufacturing, the larger the network effect coefficient t , so the smaller
the income distribution coefficient  of the chief enterprise(M). Therefore, the order quantity Q would not be great,
and will make the second derivative the work effort（M，Ni）of the chief enterprise(M) and leaguer enterprises Ni

(i  1,2,3,…)

2 PM M2   t  1 Mt 2  ki  t  1 MMQMt 2  0

is

i

 2 PNi N2i  (1   )(t  1)Ni t 2   t  1  Ni  Ni QNi t 2  0 , That is, the equation (11) and (12) must be the optional work

effort（M，Ni）that makes the net network income ( PM , PNi ) of the chief enterprise(M) and leaguer enterprises Ni

(i  1,2,3,…) reach its maximum.
When the work effort（M，Ni）of chief enterprise(M) and leaguer enterprises Ni (i  1,2,3,…) changes from M 、

N into M 、 Ni  , the R&D costing compensation of the chief enterprise(M) and leaguer enterprises Ni (i  1,2,3,…)
i

is:
'

(13)

CM   M M Q(Mt  Mt )
t'
Ni

CNi   Ni Ni Q(   )
t
Ni

(14)

So the compensation of the chief enterprise(M) and leaguer enterprises Ni (i  1,2,3,…) is:



PM  P  cM cM  cNi

4



(15)
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M

 cNi



(16)

Conclusion one: when the chief enterprise and leaguer enterprises purse their net income maximization, their own
work effort and the income distribution coefficient, the risk coefficient and the unit R&D cost have a positive
correlation.
The reality meaning: the larger the total network income ( RM , RNi ) , the stronger the incentive effects in the network
manufacturing, the more work hard of the chief enterprise(M) and leaguer enterprises Ni (i  1,2,3,…) . The greater
the risk coefficient (  M ,  Ni ) , the chief enterprise(M) and leaguer enterprises Ni (i  1,2,3,…) must work harder to
compensate for the risk loss because of the research and development, increasing the total network income ( RM , RNi )
and net network income ( PM , PNi ) , and enhancing the robustness of the whole network manufacturing. The larger the
unit R&D cost（M， Ni）, the more R&D investment of human and financial, the chief enterprise(M) and leaguer
enterprises Ni (i  1,2,3,…) to protect their capital investment must work harder to create a larger total network income

( RM , RNi ) and break even, thus maintaining the effectiveness of the whole network manufacturing.
3.2 Income distribution coefficient analysis
When the net network income P reaches its maximum, the income distribution coefficient  is:
P   P M  M   P Ni  Ni 

(17)

The optimal income distribution coefficient of the chief enterprise(M) and leaguer enterprises Ni (i  1,2,3,…) is:

  t (N2t 2 ( N N Q)t 1 ki  M2t 2 ( MM Q)t 1  ki  N2ki  M2  ki ) 

(18)

1    t (M2t 2 ( ki )2  Ni2t 2ki 2  Ni2 ( Ni Ni Q)t 1 ki  M2  ki ) 

(19)

i

i

i

i

i

i

i

i

The equation (18) and (19), we can see that 2 P  2  (t 2  t )[(M2t 3  ki )2  Ni2t 3ki 2 ]  0 , The equation (18) and
i

(19) must be the optional income distribution coefficient ( ,1   ) to the chief enterprise(M) and leaguer enterprises
Ni (i  1,2,3,…) when their reach their maximum net network income ( PM , PNi ) .When the income distribution
coefficient of the chief enterprise(M) and leaguer enterprises Ni (i  1,2,3,…) changes from ( ,1   ) into ( ,1   )
, and when the net network income of chief enterprise(M) and leaguer enterprises Ni (i  1,2,3,…) changes from

( PM , PN ) into ( PM  , PN  ) , the net network income increment of chief enterprise(M) and leaguer enterprises Ni
(i  1,2,3,…) is:
PM  PM  PM 
 ( R  CM )  ( R  CM )
 (   ) R
PN  PN  PN 

(20)

(21)
 [(1   ) R  CN ]  [(1   ) R  CN ]
 (    ) R
Conclusion two: in the R&D network manufacturing, the income distribution coefficient of chief enterprise and
leaguer enterprises is associated with the work effort, the risk coefficient and the unit R&D cost, and this correlation
is related to the network effect coefficient.
The reality meaning: the network manufacturing has a multiplier effect. The harder work of chief enterprise(M) and
leaguer enterprises Ni (i  1,2,3,…) , the greater the total network income ( RM , RNi ) , the greater income distribution

5

Proceedings of the 2nd Global Conference on Engineering and Technology Management 2015, Chicago, IL, USA,
September 4 – 5, 2015
coefficient ( ,1   ) . Because the risks and benefits are on equal, the greater the risk coefficient (  M ,  Ni ) , thus, the
higher the net network income ( PM , PNi ) is required to obtain by the chief enterprise(M) and leaguer enterprises Ni

(i  1,2,3,…) that joined in the network manufacturing, so the greater income distribution coefficient ( ,1   ) is
required. The larger the unit R&D cost（M， Ni）, the greater the net network income ( PM , PNi ) is required to maintain
normal operation of chief enterprise(M) and leaguer enterprises Ni (i  1,2,3,…) , thus the greater income distribution
coefficient ( ,1   ) is necessary.
3.3 Risk coefficient analysis
In the R&D network manufacturing, according to the Cost – Benefit, the risk coefficient (  M ,  Ni ) is:

M   RM (Mt MQ+f M  Ti )
i

(22)

 N  (1   ) RN (  N Q +f N  Ti )
t
Ni

i
i
i
i
(23)
When the risk coefficient of chief enterprise(M) and leaguer enterprises Ni (i  1,2,3,…) changes from (  M ,  Ni ) into

( M , N ) , the net network income increment is:
PM  PM  R0   L0

(24)

PN  PN   L0
(25)
Conclusion three: in the R&D network manufacturing, the risk coefficient of chief enterprise and leaguer enterprises
is associated with the income distribution coefficient and investment income rate.
The reality meaning: the greater the income distribution coefficient ( ,1   ) and the higher the net network income
( PM , PNi ) , the greater the risk. Since any capital investment has time value, the larger return on investment, the greater
risk was bored by the enterprise. In the R&D network manufacturing, the chief enterprise(M) is largely dominated
development of the network, lies in a key node of the network, and has absolute advantages on the research and
innovation, economic strength and market position than leaguer enterprises Ni (i  1,2,3,…) . Therefore, the chief
enterprise(M) takes greater risks than leaguer enterprises Ni (i  1,2,3,…) . The risk coefficient (  M ,  Ni ) in the
network manufacturing lies in the middle of the smile curve, during this section, the risk coefficient (  M ,  Ni ) reaches
its equilibrium and in a dynamic changing, thus the network manufacturing effectively breaks through the prisoner’s
dilemma of traditional manufacturing.

4. Conclusions and management proposals

This paper, using the reliability and cooperative game theory, built the research and development network
manufacturing income distribution model, making the net network income ( PM , PN ) is related to the work effort

（M，Ni）, the income distribution coefficient ( ,1   ) and the risk coefficient (  M ,  Ni ) , and this correlation is

related with the network effect coefficient t . The larger the network effect coefficient t , the stronger the ability to take
risks of the entire manufacturing network, the greater the total network income R , the better the overall development
of the network, thus that high risk and high return is more realistic. So from this paper we can see that:
Firstly, the R&D network manufacturing is an advanced manufacturing mode of the rapid development of today's
network; its total network income R is the exponential distribution function on the work effort（M，Ni）and
network effect coefficients t .
The larger the work effort（M，Ni）of chief enterprise(M) and leaguer enterprises Ni (i  1,2,3,…) , the greater the
total network income R , more able to reflect the superiority and index effect of R&D network manufacturing than
traditional manufacturing model. From the view of the cooperative game theory, when the chief enterprise(M)
determines its income distribution coefficient  , will chooses the income distribution coefficient  making the whole
network manufacturing more optimal. When the income distribution coefficient  infinitely close to 1, the net
network income PN of leaguer enterprises Ni (i  1,2,3,…) will be reduced, this will reduce the work effort  N i of
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leaguer enterprises Ni (i  1,2,3,…) , and ultimately affect the chief enterprise(M) itself net network income PM .
Therefore, during the game between the chief enterprise(M) and leaguer enterprises Ni (i  1,2,3,…) , the chief
enterprise(M) will choose an optical income distribution coefficient  , to maximize itself total network income RM
and net network income PM , thus ensuring a balanced and effective development of network manufacturing system.
Secondly, in the R&D network manufacturing, the income distribution coefficient ( ,1   ) is associated with the
work effort（M，Ni）, the risk coefficient (  M ,  Ni ) and the unit R&D cost（M， Ni）, and this correlation is related
to the network effect coefficient t .
The income distribution coefficient ( ,1   ) of the chief enterprise(M) and leaguer enterprises Ni (i  1,2,3,…) is
complementary, when the total risk increases, the chief enterprise(M) and leaguer enterprises Ni (i  1,2,3,…) will
require a higher income allocation, in order to achieve this income distribution, the chief enterprise(M) must take
effective measures to control risk, keeping its in a stable level. Otherwise, when the risk is too large, the chief
enterprise(M) failed to meet expected returns of leaguer enterprises Ni (i  1,2,3,…) , will affect leaguer enterprises Ni
(i  1,2,3,…) work enthusiasm, leaguer enterprises Ni (i  1,2,3,…) may exit the R&D network manufacturing, the
entire R&D network manufacturing may be deteriorated even failed. When the risk is too small, the net network
income PN of leaguer enterprises Ni (i  1,2,3,…) will be less than their R&D cost, at this time the net profit is
negative, leaguer enterprises Ni (i  1,2,3,…) will also withdraw investment from the R&D network manufacturing,
the entire R&D network manufacturing will also degenerate and failed. Only when the risk has been effectively
controlled, the chief enterprise(M) and leaguer enterprises Ni (i  1,2,3,…) will be in their best condition to work,
creating greater total network income R , increasing the robustness of entire network manufacturing system, and doing
the network manufacturing index effect.
Thirdly, in the R&D network manufacturing, the risk coefficient (  M ,  Ni ) is associated with the income distribution
coefficient ( ,1   ) , investment and income rate.
In the evolution of R&D network manufacturing, during the beginning of R&D network manufacturing, the number
of leaguer enterprises Ni (i  1,2,3,…) is small; the risk coefficient of chief enterprise(M) and leaguer enterprises Ni
(i  1,2,3,…) is also small, the total network income R is the linear function of direct cooperation coefficient. With
powerful core manufacturing enterprises join, the network manufacturing system develops better and better, the
network effect coefficients become bigger and bigger, the network manufacturing gradually developed into an
exceptionally stronger R&D network manufacturing. In this case, the ability taking risk of network manufacturing
becomes more and more strong, the investment and income rate is larger and larger, the net network income ( PM , PNi )
of the chief enterprise(M) and leaguer enterprises Ni (i  1,2,3,…) will become increasingly large. During the income
distribution game of the chief enterprise(M) and leaguer enterprises Ni (i  1,2,3,…) , when the income distribution
coefficient  of the chief enterprise(M) increases, the income distribution coefficient (1   ) of leaguer enterprises Ni
(i  1,2,3,…) will decrease, within their risk tolerance, leaguer enterprises Ni (i  1,2,3,…) will reduce research and
development investment, in order to maintain their normal business operations, this will weaken the competitiveness
of the entire network manufacturing, it is entirely consistent with high risk and high return. Therefore, the R&D
network manufacturing can get a larger total income R and net income P than traditional manufacturing.

5. Concluding remarks

The R&D network manufacturing can integrate the manufacturing ability within a larger range, for its innovative,
dynamic, openness and collaboration, it bears a greater risk. This paper, against above characteristics of the R&D
network manufacturing, builds the R&D network manufacturing income distribution model, analyzes and optimizes
the crucial parameters of this model. The research results show that research and development, innovation and core
manufacturing strength are important strategic resources to enterprises, determine on the competitiveness of
enterprises, decisive factors in the R&D network manufacturing income distribution, only if they meet the Nash
equilibrium, the R&D network manufacturing can gets its maximum net network income ( PM , PNi ) .

7

Proceedings of the 2nd Global Conference on Engineering and Technology Management 2015, Chicago, IL, USA,
September 4 – 5, 2015
This paper only considers impact of the work effort（M，Ni）, the income distribution coefficient ( ,1   ) and the
risk coefficient (  M ,  Ni ) to the R&D network manufacturing income distribution, does not consider the role of the
R&D cost ( f M , f Ni ) and ( M , Ni ) , order quantities Q and fixed payments
limitations, in the future can be explored in this regard.
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Abstract
Customer relationship management that aims to manage, record and evaluate customer interactions is generally
regarded as a vital tool for companies to be successful in the rapidly changing global market. The customer behavior
prediction is a strategically important and difficult issue because of high variance and wide range of customer orders
and preferences. So to have an effective tool for extracting rules based on customer purchase behavior considering
tangible and intangible criteria is highly important. To overcome the challenges imposed by the multifaceted nature
of the problem, we seek and evaluate the best stream of segmentation and association rule extraction. In this evaluation
the impacts of demographic attributes for enriching customer segmentation factors have been challenged. Different
types of scenarios have been designed, performed and evaluated meticulously under equal test condition. The data for
this study is a web based extraction from database of a global pizza restaurants chain. The paper summarizes the
findings of the study and provides empirical implication to improve customer segmentation performances through
effective model factors and variations. It is crucial to establish a practical comparison between different approaches,
which are using value or score-based RFM analysis combining demographical data. We try to propose and compare
different algorithms of using customers’ RFM factors and their demographic data in the shape of different scenario
types.

Keywords

Customer segmentation, RFM analysis, Demographic variables, Association rule algorithm, Performance Evaluation

1. Introduction

Facing with more complexity and competition in today’s business, firms need to develop innovation activities to
capture customer needs and improve customer satisfaction and retention. In this regard, Customer Relationship
Management (CRM) is a broadly recognized strategy for acquisition and retention of customers. The main objective
of customer relationship management is to make long-lasting and profitable relationships with customers. Increased
digitization of transactions results in a boost of customer information stored in large transactional databases
(Khajvand, Zolfaghar, Ashoori, & Alizadeh, 2011). This evolution has led to the emergence of the database-marketing
domain as a popular discipline in academic research and business practice.
We try to propose different algorithms of using customer’s RFM analysis outputs and their demographic data in the
shape of different scenario types. For extracting true product-based (process-based) rules from customer transactions,
customer segmentation needs to be done in shape of correct target clusters. Up to now RFM analysis based customer
segmentation are considering solely on Recency, Frequency and Monetary indexes. In the other words, in order to
model a comprehensive customer-clustering model using RFM analysis, some other attributes like demographic
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variables should not be ignored. Surely performance analysis of all the scenario types will support the idea that,
togetherness of customer transaction attributes to perform true cluster based rules is necessary.
The rest of this study is organized as follows; section 2 describes an overview of the related works, also section 3 talks
about model factors and data descriptions. Section 4 describes methodologies and algorithms. Section 5 will
demonstrate an empirical results and performance analysis, and finally analyzed results of application are provided in
section 7.

2. Literature Survey

CRM has attracted a lot of attention, and many businesses that are end users of IT solutions have spent considerable
values of investment on implementing customer relationship management systems. These systems integrated to a
greater or lesser extent with their operational and business processes. However, what should be kept in mind is that
CRM is a basic, commonsense idea that can be put into practice with nothing more than a spreadsheet and a modest
database (Nettleton, 2014). CRM is a management technique of business to absorb and retain customers, increasing
customer, satisfaction, value, loyalty and retention, and implementing customer-based strategies. CRM, is useful to
improve relationships with customer, focuses on a comprehensive picture on how to integrate customer value,
requirements, expectations and behaviors with analyzing data from transaction of customer. Enterprises can shorten
sales cycle and increase customer loyalty to build better close relationships with customers and further add revenues
by good CRM. Thus, an excellent CRM can help enterprises keeping existing customers and attracting new ones. To
analysis a majority of customers and consumers every enterprise needs to have its target audience as defined
segmented groups. Segmentation was first introduced to the marketing literature by Smith (W. Smith, 1995). The vast
availability of data and the inefficient performance of traditional statistical techniques (or statistics-oriented
segmentation tools) on such voluminous data have stimulated researchers to find effective segmentation tools in order
to discover useful information about their markets and customers. Thus, knowledge discovery (KD) and data mining
(DM) have been seen as a solution to this problem. Disciplines such as machine learning, statistics, artificial
intelligence (soft and hard computing techniques), expert systems, data and knowledge management technologies are
incorporated with KD and DM by making use of their theories and algorithms (Hiziroglu, 2013)
This article addresses the broader issue that RFM may focus too much attention on transaction information and ignores
individual difference information (e.g., values, motivations, lifestyles) that may help a firm to better market to their
customers. Chu Chai Henry Chan (2008), presented an approach that combines customer targeting and customer
segmentation for campaign strategies (Chan, 2008).
Even if RFM analysis based customer clustering has been widely studied in several papers but, there is not any try
that shows how RFM analysis factors and individual difference information (e.g. demographic) may change customer
segments precision.

3. Data Characteristics of The Model

Customers have a variety of dissimilarities as stated by their characteristics. In consumer and industrial marketing
literature, several segmentation variables can be found, such as geographic, demographic, firmographic, behavioral,
decision making process-related variables, purchasing behavior, situation factors, personality, lifestyle,
psychographics, and so on (Hiziroglu, 2013).
3.1 Geo-Demographic Data
Geo-Demographic data are determinate statistics for a given population of customers. Within a given population,
which characterizes that population at a defined point in time. Demographic data are also used to distinguish the study
of measurable subsets. Demography is used widely in public opinion polling and marketing. Commonly, age, gender,
knowledge of languages, ethnicity, disabilities, mobility, employment status, home ownership, and sometimes location
are inspected as geo-demographic data (Power & Elliott, 2006; “Ryder1965.pdf,” n.d.).
3.2 RFM Data
RFM is a model that diversifies considerable customers from a mass of data by three attributes. Interval of customer
consumption, frequency and payment value, are these three factors. The detail definitions of RFM are described as
follows:
 Recency of the last purchase that has shown by R, refers to the duration of time between the last purchase
time and the certain time of survey. Here the desired state is the shorter duration time that means R is bigger.
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Frequency of the purchases, which has shown by F, refers to the number of transactions in a specific time
cycle. Desired state is the bigger F that means high repetition of purchases.
Monetary value of the purchases, which has shown by M, refers to the money consumption value by customer
through a certain time period (Cheng & Chen, 2009).

4. Proposed Methodology and Algorithms

One of the major challenges of any firm marketers is to identify business target of their product or service. In this
regard we first to decide what and which customer clusters or segments exist in the community, and the next to extract
proper decision support rules using features of a typical cluster. To develop a marketing strategy and marketing plan
these profiles can be established and used. We are going to investigate different streams of customer segmentation. In
order to obtain appropriated customer clusters, various combination and scenario models. The gains will be association
rules and their performance will evaluate by machine learning algorithms.
This section briefly introduces the research model of this study and the proposed procedure for classifying customer
value, rule extraction and performance evaluation to achieve behavior trends of customers and increase the accuracy
of company decisions.
4.1. Data Preprocessing
The following operations should be done:
Dimensionality Reduction: Unnecessary attributes should be deleted, such as attributes that have only a few values
(the others are null) or have only single value.
Filling: Missing values should be filled in using an appropriate approach.
Handling: Outliers and inaccurate values should be handled and removed from the dataset.
Transformation: Data should be transformed into an appropriate format.
Discretization: Before association rule mining task, continuous attributes should be encoded by discretizing the
original values into a small number of value ranges. Because they have nearly a different value for every case; with
such a high cardinality they provide little meaning to the association rule mining process (Mining & Mining, 2003) .
4.2. Design of scenario types
Considering different attributes and data types in every transaction will lead us to provide comprehensive scenario
types, those are covering all possible configurations through basic data mining applications. RFM analysis have seven
different model indices; value of Recency, Frequency, Monetary and scores of Recency, Frequency, Monetary, plus
averaged RFM Score. Also there are different combinations of importance weighting for WRFM analysis that is using
in this try. Clusters may contain WRFM values solely or WRFM values plus demographics. Table 1 is illustrating all
42 possible scenario types induced of a regular customer transaction data.
4.3. Analysis
4.3.1. RFM Analysis
RFM analysis is a marketing technique used for analyzing customer behavior such as how recently a customer has
purchased (recency), how often the customer purchases (frequency), and how much the customer spends (monetary).
RFM analysis depends on Recency (R), Frequency (F), and Monetary (M) measures, which are three important
Purchase-related variables that influence the future purchase possibilities of the customers and are calculating
according following functions.
R  RMin
R(C i )  i
RMax  RMin
F  FMin
F (C i )  i
FMax  FMin
M i  M Min
M (C i ) 
M Max  M Min
Several studies have discussed the different versions of RFM analysis. For example, in Weighted RFM (WRFM)
version, each R, F, M value is multiplied by a weight value, WR, WF and WM according to its relative importance to
make intuitive judgments about ranking ordering. As shown on Figure 2 all the transactions for a certain customer is
calculating by below formulas.
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Segmentation Factors

RFM types
Senario
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
42

RFM
Score

RFM
Value
×
×
×
×
×
×
×

RFM
Average

Demographic
Factors

RFM weights

with
Demographics

WR=WF=WM

×
×
×
×
×
×
×
×
×
×
×
×
×
×

WR>WF=WM
WF> WR=WM
WM> WR=WF
WR=WF>WM
WM= WR> WF
WM= WF>WR
WR=WF=WM

×
×
×
×
×
×
×

WR>WF=WM
WF> WR=WM
WM> WR=WF
WR=WF>WM
WM= WR> WF
WM= WF>WR

×
×
×
×
×
×
×

WR=WF=WM

×
×
×
×
×
×
×
×
×
×
×
×
×
×

×
×
×
×
×
×
×

WF> WR=WM
WM> WR=WF
WR=WF>WM
WM= WR> WF
WM= WF>WR
WM= WF>WR
WR=WF=WM
WR>WF=WM
WF> WR=WM
WM> WR=WF
WR=WF>WM
WM= WR> WF

×
×
×
×
×
×
×

×

×

WR=WF=WM
WR>WF=WM
WF> WR=WM
WM> WR=WF
WR=WF>WM
WM= WR> WF

×
×
×
×
×
×
×

WM= WF>WR
WR=WF=WM
WR>WF=WM
WF> WR=WM
WM> WR=WF
WR=WF>WM
WM= WR> WF
WM= WR> WF

Table 1. All possible scenario types based on different weights and clustering approaches
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without
Demographics

×
×
×
×
×
×
×
×
×
×
×
×
×
×

WR>WF=WM

WM= WF>WR

×
×
×
×
×
×
×
×
×
×
×
×
×
×

Association Rule Mining

WR:Weight of Recency
WF:Weight of Frequency
WM: Weight of Monetary

×
×
×
×
×
×
×
×
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Figure 2. RFM calculation results for every customer
4.3.2. Customer Segmentation
Customer segmentation is one of the most important data mining methodologies used in marketing and customer
relationship management. Customer clustering would use customer-purchase transaction data to track buying behavior
and create strategic business initiatives (Rajagopal, 2011).
We propose K-Means algorithm instead of other clustering algorithms such as self-organizing map because of its
advantages in terms of runtime and clustering quality. K-means clustering is a method of vector quantization;
originally from signal processing that is popular for cluster analysis in data mining. K-means clustering aims to
partition n observations into k clusters in which each observation belongs to the cluster with the nearest mean, serving
as a prototype of the cluster. This results in a partitioning of the data space into Voronoi cells (MacQueen, 1967).
4.3.1. Association Rule Mining
Association rule mining is a well-known and vastly researched method for discovering interesting relations between
attributes and factors in large databases. It is intended to identify reliable rules extracted in databases using different
dimensions of interests. In this try we are going to use Apriori algorithm that is the most strong rule generator among
other algorithms.

5. Empirical Analysis and Results

A web based extraction of transactions from database of a global pizza restaurants chain is presented. Transaction data
structure formed of customer identifications, product purchases and their geo-demographic data. In this empirical
analysis we will try to extract more powerful and reliable rules and relations between different data attributes as
possible. These rules are useful for better customer relationship management and product recommendations.
5.1. Data Structure
First of all we are to analysis the structure of a real life data set. The transactions data set is obtained from database of
a global pizza restaurants chain and it included more than two and a half million different transactions. Any customer
has an ID number. The other attributes are as follow. Date of order, city where the customer lives, gender or sex
category of customer, age category of the customer which obtained from date of birth attribute through data preprocessing, payment or expenditure of the customer per order and the other attributes are showing products.
5.2. Performing Scenario types
Every scenario type is modeling by SPSS Clementine. In all the model streams we are using RFM analysis, K-Means
and Apriori algorithm tools. Based on each scenario type tools options are regulating. In this try we will use 5 beans
for Recency, Frequency and Monetary with different combinations of weights 1 and/or 2 based on each scenario. At
clustering step, output and quality of the clusters in K-means algorithm largely depend on selecting the proper number
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of clusters. For selecting the optimal number of clusters, there are many indicators such as Davies–Bouldin Index, the
Silhouette Width or Dunn Index. The aim of all these indexes is to have meaningful clusters where the data objects
within the same cluster are similar to one another and dissimilar to the objects in other clusters. In this research, we
evaluate the optimum number of K=6 based on Dunn Index in order to use in K-means algorithm as the number of
clusters. At association rule step we’re going to use Apriori with a fix confidence level of 80 and support of 20 for all
scenario types. Figure 4 illustrates a general model stream on SPSS Modeler.

Figure 4. A general model stream including different combinations of inputs and outputs
5.3. Rule Evaluation:
After performing all the scenario types and recording their results such as number of rules, cluster numbers and time
elapsed. This is the turn of Neural Network (NN) to signify all important attributes which may take role as the most
powerful factors through forecasting of the five most sales products (product 53, 65, 55, 11, 39). Figure 5 illustrates
the stream of NN based evaluation. Variable importance percent shows that using certain scenarios enrich factors
better than other scenarios do. For example as shown on figure 6, at scenario number 29, K-Means clusters are more
important for forecasting sales of product VAR00065.

Figure 5. Model stream including NN prediction flow
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Figure 6. Rule evaluation step using NN for Scenario number 1.

6. Results of Analysis

A real life customer transaction data set evaluated by a proposed algorithm to achieve the best customer purchase
behavior pattern and extraction of association rules. For this, different series of streams and a variety of attributes have
been examined as scenario types. All 42 scenarios installed, executed and evaluated by an Intel dual core i7
microprocessor computer. Just 4 scenario types results illustrated table 4. Customer clusters, support and confidence
levels have been pre-arranged as the same for all scenario types, but at some subjects the number of clusters reduced
as 3 or 2. This is due to disability of the embedded algorithms in certain scenario types that makes it impossible to see
the dissimilarities by K-Means clustering algorithm.
Scenario

Cluster
number

Rule
Number

NN
for
product 0065

NN
for
Product 0055

NN
for
Product 0011

NN
for
Product 0039

NN for Product
0053

22
23
24
25

6
6
6
6

517
517
517
2491

0,0306
0,408
0,143
0,148

0,0379
0,0319
0,0306
0,0452

0,0165
0,0129
0,0145
0,177

0,0274
0,0221
0,0307
0,0294

0,0253
0,195
0,424
0,284

Time
Elapsed
(min)
7
10
8
9

NN_Avrerage
0,02754
0,13398
0,12856
0,13672

Table 4. Performance results of different scenarios
Confidence levels have been pre-arranged as the same for all scenario types, but at some subjects the number of
clusters reduced as 3 or 2. This is due to disability of the embedded algorithms in certain scenario types that makes it
impossible to see the dissimilarities by K-Means clustering algorithm. Rule numbers diversities are very touchable
through different scenario types and scenario 25 has the most detailed rules. Elapsed times were in a range of 7 to 35
minutes and less elapsed time is desired. Evaluation step has completed by using neural network to examine clusters
content effect level to predict 5 high sold products. All effectiveness level per five products recorded. All these
recorded effectiveness levels averaged and illustrated at NN Average column of table 4. Scenario types 23, 24 and 25
have better effectiveness level averages using NN and the average of scenario type 25 is the best.
As a result, scenario type 25 emphasizes an algorithm, which is clustering customer not only with their RFM data but
a composition of RFM scores and Geo-Demographic data. Also this scenario type shows that monetary is the most
important factor for RFM analysis.
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Conclusion

In this evaluation the impacts of geo-demographic attributes for enriching customer segmentation factors have been
challenged so different types of scenarios have been designed, performed and evaluated meticulously under equal test
conditions. All the test results recorded and summarized. The try shows that weights of RFM attributes are affecting
rule association performance positively. Moreover to gain more accurate customer segments, combination of RFM
and Geo-demographic attributes is recommended. Accordingly, proposed methodology resulted the best outcomes
and scores, so the importance of weighted RFM and geo-demographic data in the clusters have been proved. Although,
we have used a limited numbers of geo-demographic data as attributes, but results analysis shows their undeniably
importance while they are merged with RFM data. For the future tries, with expanding attributes scope we will use
firmographic and behavioral data of customer in the phase of input enrichment. Moreover, for solving phase,
considering machine learning concepts will have greater role while combining different clustering and rule extraction
techniques, thus the present methodology will enhance using metaheuristic clustering and association rule algorithms
that can improve training speed, elapsed time and ability of data mining tool to extract more powerful and more
comprehensive rules.
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Vertical Cooperation Alliance Structure for Competing Supply
Chain under Emission Cap and Trade
Jianhua MA, Ming ZHOU, Zhimin CHEN, Yanchun PAN, Wen YANG
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Shenzhen, Guangdong, China
Abstract
This paper focuses on two supply chains competing in one common market, and wherein each supply chain consists
of one manufacturer and one exclusive retailer. Using such a widely used chain to chain competition model, we
analyze how Cap-and-Trade (C&T) framework for carbon emission and green technology innovation for carbon
emission reduction could be integrated into vertical cooperation alliance decision-making with regard to market
competition. In the presence of C&T system, the manufacturer has a cap on greenhouse gas (GHGs) emission permits
allocated by government primarily, but he is allowed to emit more than (and less than) his prescribed cap by emission
trading, from which he essentially is penalized by occurring cost (and rewarded by getting returns). Manufacturers
also have the opportunity to make a costly investment in green technology innovation that will reduce per-unit
emissions. We consider two symmetric chain to chain competition scenarios: pure decentralization structure and pure
alliance structure. By analyzing the equilibrium decisions for firms under various chain to chain competitions
scenarios, we illustrate how the parameters of R&D efficiency, production substitutability, emission cap and carbon
price affect decisions of pricing, emissions, and profits. Moreover, our analysis brings out the circumstance under
which pure vertical cooperation alliance competition structure is more advantageous for supply chains. In such a
situation, all the manufacturers and retailers can be better off by properly profit allocation mechanism.

Keywords

Competing supply chain, Cap and trade, Emission reduction, Green technology innovation

1. Introduction

Gases such as carbon dioxide that trap heat and make the planet warmer are called greenhouse gases (GHGs). Now,
it is a worldwide consensus that GHGs emissions are primarily responsible for global warming, which brings grave
threat to the world’s ecological system and the hum race (IPCC, 2007). In order to efficiently alleviate global warming,
a series of environmental policy tools concerning emission reduction issues have been nurtured. Among which C&T
system is the market-based one, and such system administratively imposes a compulsory cap on emissions while
providing sources flexibility by emission quota trading market system. Significantly, successful cap and trade system
can efficiently tradeoff economic benefits and environmental costs, because it acts as a catalyst for process innovation
related to carbon emission reduction and provides strict environmental regulation without loss of the efficiency.
C&T mechanism has been extensively proposed by UN, EU, and many governments. For example, in China, the C&T
system with the accompaniment of administrative penalty for any emissions beyond the quotas, has been developed
in seven experimental cities (Shenzhen Emission Exchange, 2012), which demonstrates the government’s
commitment to cut carbon intensity. Undoubtedly, the C&T system will affect the operational decision-making such
as production, market pricing, inventory management, resource allocation and so on (e.g., Du et al., 2009; Lu et al.,
2013a and 2013b; Hua et al., 2011; Chen et al., 2013). The stream of operational literature that is closely related to
our work focuses on supply chain management with regard to carbon reduction (e.g., Yalabik and Fairchil, 2011;
Yakita and Yamauchi, 2011; Conrad, 2005; Fanelli, 2008). Especially, by considering a supply chain consisting one
manufacturer with emission quotas and one emission permit supplier, Du et al. (2013) brought out the equilibrium
decisions for supply chain firms and indicated that the manufacturer and permit supplier should both be improved in
profits by coordinating the supply chain. Furthermore, Du et al. (2015) constructed a game model of a two-stage
emission-dependent supply chain with C&T system, and analyzed the impact of C&T system on equilibrium results.
Benjaafar et al. (2013) analyzed the operational optimization decision and coordination cooperation strategy for multiperiod supply chain systems with C&T system.
Our research differs from the existing papers in that we consider the competing supply chains strategies for operational
optimization and coordination with C&T system. Multi competing supply chains focus on strategy choices such as
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price, carbon emission, and green R&D (research development) investment hence comes into being the noncooperative dynamic game. In this paper, we consider the following questions: How would the interaction of market
competition and C&T mechanism affect firm’s decisions and equilibria? Using the criterion all the manufacturers and
retailers can be better off, under what circumstance the pure alliance competition structure is more advantageous?
Will the C&T mechanism reduce the carbon emission as well as incentive green technology innovation investment
efficiently?

2. The Model

We consider two supply chains competing in a differentiated product market. Each supply chain consists of one
manufacturer and one exclusive retailer. We consider the symmetrical supply chains which are dominant in mature
market. There are two different vertical structures offered: either a decentralized structure with wholesale price
contract, or a vertical cooperation alliance structure under which the manufacturer and retailer will cooperatively make
decisions. The focus of this paper is set on the vertical alliance structure, and we will not consider the way of revenue
allocation for the alliance.
A cap on emission permits for each manufacturer is primarily allocated by government. Manufacturers can attain
additional emission permits by purchasing from the emission trading market if the permit they needed is more than
the cap. Contrarily, manufacturers also can sell the excess emission permits to other emission demanders via emission
trading market to get extra profit. The manufactures also can invest in reducing the per-unit emission through green
technologies R&D. We assume that the manufacturer currently has per-unit emissions of e. If the R&D investment in
reducing emissions is conducted, then per-unit emissions of manufacturer will be e i and the investment cost incurred
2

will be hei /2 . h reflects the R&D investment efficiency, and the smaller h represents the more efficient R&D.
Denotes t as the unit cost for purchasing emission quotas (referred as “carbon price”).
The inverse demand function for each substitute product is

pi    qi  q3i and 0    1 for i  1,2 .

(1)

where  is the demand intercept, qi is the total output of product i , and  represents the degree of product
substitutability.
With the decentralized structure, the manufacturers set the wholesale-price and per-unit emission levels taking into
account the retailers’ pricing decision, and then retailers make their pricing decisions with the wholesale price offered.
With the allied structure the alliance sets the per-unit emission levels and retail price with the objective of the
maximizing total channel profitability. The same variable strategy decision game between two competing supply
chains is simultaneous and noncooperative.
The profit functions for the manufacturer and retailer respectively in the decentralized supply chain are
2

M i  wi qi  t[C  (e  ei )qi ]  hei / 2 ,
Ri  (qi  wi )(  qi  q3i ) ,
where wi is the whole sale price charged by manufacturer i . On the other hand, an allied supply chain is assumed to
make the decisions to maximize the total chain profits. Thus, the profit function of the allied supply chain is

 i  qi (  qi  q3i )  t[C  (e  ei )qi ]  hei 2 / 2 .

Moreover, we also utilize two assumptions as the follows: (1) The parameters a and h are both “large enough” with

  te and h  t 2 , this assumption can ensure the existence, uniqueness, and stability of equilibria, and is rather

innocuous for most industrial environments. (2) At the competition stage each retailer only knows his own contract
terms but not his competitor’s, i.e., the contracts are unobservable. This is consistent with the practice that contract
terms are generally confidential in business to business relationships (e.g., O’Brien and Shaff 1992, Ha and Tong
2008)
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3. Equilibrium analysis

Two possible scenarios are considered: homogenous structures where both supply chains propose decentralized
structure (DD case) or both supply chains propose alliance structure (AA case). Closed-form expression can be
obtained and are derived in the following sections by usual backward induction method.
3.1. AA case: both supply chains propose alliance structure
The aggregate profit (i.e., the profit of the entire supply chain) for each alliance is as follows.

 i  qi (  qi  q3i )  t[C  (e  ei )qi ]  hei 2 / 2
Taking the partial derivative of  i , it is easy to prove that

(2)

2

  2 i   2 i  2 i 2

  2
(3)
 t  2h  0
2


p
x

p

x
 i i
i
i
The conditions above ensure that the profit function  i is jointly concave in (qi, ei), hence guarantees the existence
 2 i
 2  0 ，
2
pi

and uniqueness of the optimal decisions (qi, ei) that maximizes the profit function of the alliance. The equilibrium
decisions are characterized as follows.

qi

AA

 h(  te) /(2h  h  t 2 ) ,

ei

The equilibrium profits for each alliance under AA case is

 i AA 
It is worth noticing that

qi

AA

AA

 t (  te) /(2h  h  t 2 )

h(  te) 2 (2h  t 2 )
 tC
2(2h  h  t 2 ) 2

|t 0   /(2   )  qi

AA

,

ei

AA

|t 0  0  ei

(4)
(5)

AA

, which means that both two supply

chains with C&T system produce more quantities and reduce more per-unit emissions than those without C&T system,
in pure alliance structure. Denoting Ei  (e  ei )qi as the total emissions of supply chain i , and Ei as the
difference of the emissions between the supply chain with and without C&T, we can get the precise results with

Ei

AA

 0 . This gives credence to the fact that C&T mechanism can essentially reduce the carbon emissions of

each supply chain with AA structure.
3.2. DD case: both supply chains propose decentralized structure
The retailer i’s quantity decision model is as follows.

max Ri  (qi  wi )(  qi  q3i ) ,
qi  0

The wholesale price decision model for manufacture i is

2

max M i  wi qi  t[C  (e  ei )qi ]  hei / 2 ,

ei ,wi 0

(6)

(7)

Because the contracts are unobservable to the firms of rival supply chain, retailer i’s market price reaction decision
only depends on the manufacturer i’s wholesale price, and the manufacturers take the retailer’s decision rules into
account while setting ther whlesale prices. The equilibrium decisions are list as follows:

wi

DD

qi

DD

 h(  te) /(h  4h  t 2 )

(8)

ei

DD

 t (  te) /(h  4h  t 2 )

(9)

 (2h  t 2  teh  2hte) /(h  4h  t 2 )

(10)

The profits for the retailers and manufacturers respectively are
DD

Ri  h2 (  te)2 /(h  4h  t 2 )2
1
DD
M i  h(  te) 2 (4h  t 2 ) /(h  4h  t 2 ) 2  tC
2

And the profits for each supply chain is
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1
(13)
2
DD
DD
II
DD
DD
Again, we get that qi |t 0   /(4   )  qi , ei |t 0  0  ei , and Ei  0 , which represents the

 i DD  h(  te) 2 (6h  t 2 ) /(h  4h  t 2 ) 2  tC

same managerial implications with that AA case.

3.3. Comparison of vertical structures: AA vs. DD
The most important management issue is when it makes economic sense for a supply chain to be allied under supply
chain competition. In this section, we first compare total supply chain profit under pure alliance structure and pure
decentralized structure, and then characterize the circumstance under which the AA case is more preferred by all the
retailers and manufacturers, that is to say, the AA case can make all the retailers and manufactures be better off. We
indentify several boundary values as follows.
Setting H  (1   ) /( 2  2   ) , we can prove the Lemma1 as follows:
2

Lemma 1. H  1 , if 0    0.7321 ；and H  1 , if 0.7321    1 .
By Lemma 1, we can conclude Proposition1.
Proposition 1 The channel’s profit is higher under pure decentralization structure than pure alliance structure if and
only if 0    0.7321 and h / t  H .
2

The immediate implication of this proposition is that pure alliance competition structure fails to maximize the supply
chain system’s combine profits, only if the products are not close substituted and the R&D for carbon emission
reduction is efficient enough (or equivalently, the carbon price is high enough). When the products are close
substituted or the R&D for carbon emission reduction is not efficient enough (or equivalently, the carbon price is not
high enough), the pure alliance structure can make all the manufacturers and retailers be better off by properly profit
allocation mechanism.
Proposition 2 Holding the case manufacturers have no green technology innovation investment, the channel’s profit
is always higher under pure alliance structure than pure decentralization structure.
When the manufacturers have no ability to make green technology innovation, i.e., h   , pure alliance structure
is dominant than pure decentralization one with the criterion of total channel profitability, which can make all the
manufacturers and retailers be better off.

4. Conclusions

In this paper, we set focus on the vertical alliance strategy for supply chain competition setting under Emission cap
and trade. We provide a systematic examination on how to design and operate supply chains under chain to chain
competition, and derive the equilibrium decisions of pricing, carbon emission reduction and green technology
innovation investment for AA/DD case. By equilibrium analysis, we find that C&T mechanism can essentially reduce
the carbon emissions of the supply chains. By comparing total supply chain profit under pure alliance structure and
pure decentralized structure, we obtain some managerial insights with the integration of market competition and C&T
system as follows. If and only if the products are close substituted or the innovation investment for carbon emission
reduction is efficient (or equivalently, the carbon price is high), the pure alliance competition structure succeeds in
maximizing the supply chains’ system profits. In such circumstance, all the manufacturers and retailers can be better
off by properly profit allocation mechanism.
One possible extension could consider the uncertainty of the demand uncertainty, by which we can examine how the
demand uncertainty affects the equilibrium decisions, profits and the green R&D investment level. We leave the study
of this extension to future research.
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RFID Feasibility Study for Check-Out Stations at Supermarkets
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Abstract
RFID can offer superior benefits to conventional identification systems such as barcode. RFID can potentially
automate and improve the checkout process, thus minimize the number of cashiers and reduce long check out queues
in supermarket shopping. Although there are quite a few research works and pilot studies on RFID applications to the
upstream supply chain or limited items in retail, the item-level application of RFID in supermarkets has not been
implemented on a large scale so far due to its cost and performance issues. In this paper, we identify the problems and
propose effective solutions with RFID deployment for Point-of-Sale (POS) checkouts at supermarkets. To develop an
effective and efficient system, we discuss cost and performance issues related to RFID. We propose solutions to these
problems based on surveys on products and design and analysis of experiments to find the best tagging method and
system design which ensure high performance and low cost. The process analysis performed by simulation identifies
the potential impact of the proposed system design on POS checkout process.
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1. Problem Statement and Objectives

Radio Frequency Identification (RFID) is an automatic identification (Auto-ID) technology, and it is an alternative
system to conventional systems such as barcoding. Due to its intrinsic radio features and other characteristics such as
long read-range and reading multiple tags at once, RFID can offer superior benefits to other conventional identification
systems. By automating and improving the checkout process, RFID can minimize the number of cashiers, reduce
customers’ waiting time in queues, and reduce the cash out queues which are considered as one of the most negative
aspects of supermarket shopping. Consequently, the utilization of RFID technology can reduce costs while increasing
customer satisfaction at POS check-out operations.
One of the biggest issues is concerned with the variety of materials sold. There are various materials which are not
radio-electric friendly. Metals and liquids in particular deteriorate radio propagation. It is known that consumer
products which contain metal or fluids in their packaging or content have a detuning effect on RF-signals (Dobkin,
2007). Another problem is that tagging item-level products brings recurring cost and it accounts for the highest
percentage of the total cost of RFID implementation projects (Ustundag, 2013).
The objective of this research is to overcome these performance and cost challenges by studying various POS checkout
designs for consumer products and identify cost-effective solutions of RFID application to real POS (Point of Sale)
checkout environments. We conducted a pricing survey, designed experiments, and suggested the best tagging
methods for a variety of consumer products. We also applied process flow analyses, and proposed a new POS checkout
design that will generate an optimized cost performance index for this particular process.

2. Background and Literature Review

Various studies on RFID applications have been conducted by a few big retail companies. Although RFID has been
successfully adopted upstream in their supply chain, it could not be widely accepted at the retail level such as in
supermarkets and grocery stores. The stagnation of RFID in the retail case depends on several issues associated with
the strategies of the companies and the limitations of RFID technology itself, including feasibility,
technical/technological limitations, market reliability, security and inadaptability of the current process (Malone,
2005; Starrett, 2003; Malone, 2012). The fact that RFID tags can be used only one time in open-loop applications,
which causes the continual need of new tags, and requirement of dense (item-level) tagging have caused some
economic drawbacks for RFID use in retail (Ustundag, 2013). In addition, the fact that companies are locked in a
stalemate about who should undertake the cost of tagging between suppliers and retailers has prevented its wide
acceptance in retail environments at the item-level (Rogers, 2011). These issues have led companies to a dilemma of
whether to invest or not to invest in RFID (Das, 2007).
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While some studies have mostly focused on ubiquitous design within the supermarket, some studies have focused on
RFID shopping carts or RFID kiosk designs. The main purpose of these designs are to track out-of-shelf situations,
reduce queues, enhance advertising and improve customers’ shopping experience. For example Metro AG’s “Future
Store Project”, Media Cart Holdings, Inc.’s “Media Enabled Shopping Cart” and a joint project “MyGROCER”
included smart-shelves located in the entire store and/or a RFID reader system mounted on a shopping cart
(Loebbecke, 2015; Kourouthanassis et al., 2006; Brice, 2006). Metro AG’s “Future Store” project was conducted only
with 3 different items and “Future Store” by Rusnano, X5 Retail Group, and OJSC RTI used only one type of RFID
tag for all kinds of products. Nestlé Nespresso’s “Expedited Self Payment Kiosk Speeds Up Checkouts” and Dagosi
LLC’s “POS Touch Screen Terminal” are designed to enable quick check-out only for small-sized retail stores
providing only shopping baskets but not shopping carts (Swedberg, 2013; Daily, 2008). Additionally, Wal-Mart has
been conducting pilot studies for garments in some of its stores (Robarti, 2010); however, their item item-level RFID
application did not go beyond jeans and underwear.
There are quite a few research works done to test the performance of UHF RFID on item-level consumer products.
For example one research studied the performance on wine bottles tagged individually, by using various commercial
UHF RFID tags, and another study examined the effect of cylindrical metallic packages on UHF RFID tags by tagging
the carton of metallic cases (Exposito & Cuinas, 2011; Yen et al., 2006). Additionally, another study investigated the
effect of motion, inlay type, antenna setup and material of content; however, these studies lack of conducting a
comprehensive cost performance analysis in order to investigate the feasibility of the item-level RFID systems
(Carthy, 2009).
The previous studies on RFID applications to retail sector were very limited in terms of a variety of products and its
scalability. They lack in detailed research to address technical limitations and economic justification of RFID on
various consumer products at item levels. They fail to address the issues of RF technology for retail operations in
supermarkets by simultaneously focusing on cost and performance. This paper aims to investigate the challenges of
RFID applications and provide an effective solution for RFID enabled POS checkouts. Based on a number of
experiments and statistical analyses, this paper proposes effective and efficient configurations for various consumer
products with respect to cost and performance to ensure feasibility.

3. Methodology

This research aims to investigate optimal design specifications for consumer products for RFID POS application in
supermarkets. We discuss cost effective tagging solutions, different antenna setups, single and multiple tag readings,
technical limitations, economic feasibility as well as process design. To this end, we conducted a pricing survey among
the major commercial RFID tag manufacturers and suppliers, built a hypothetical RFID system, designed and
performed experiments to collect experimental data, and applied a statistical analysis. We also developed a simulation
model to analyze the checkout process and identify the potential impact of the proposed system on POS checkout
process.
In RFID systems, there are many different ways to place tags on products. We designed experiments to examine the
effect of different tag types and foam spacers attached to RFID tags, on different consumer products. Since the content
and packaging include RF-challenging materials, RFID tags completely fail to work on some products. In order to
overcome this challenge, we attached RFID foam spacers shown in Figure 1b. The items are selected as general
consumer products which include various combinations of materials in packaging and content. The items include some
of the most RF-challenging materials such as metal (aluminum), glass and water as well as some other less challenging
materials such as oil and plastic. All the products used in our experiments have a cylindrical or rounded shape that are
similar in size and geometry. The foam attached tags placed directly on the products and only one tag was used on
each item at each treatment. Figure 1a shows the selected items that represent generic product types. Table 1 gives
combinations of the packaging and content materials of the items.
Content/Packaging
Water-based liquid
Oil

Table 1: Consumer products used for experiments
Metal
Glass
Canned beer
Bottled beer
Stir fry oil in can
Extra light olive oil in glass bottle
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Plastic
Lemonade in plastic bottle
Olive oil in plastic bottle
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Figure 1:

a) Item selection

b) RFID foam spacers

In the hypothetical RFID-enabled checkout system, customers put their products in their shopping baskets and place
the baskets into the RF zone, around 30 cm away from the reader antenna. Items wait in the zone not more than 5
seconds to be scanned. Since the required distance is in the far field zone, we decided to use ultra-high frequency
(UHF) readers. We selected circularly polarized antennas to maximize direction insensitivity. As we mentioned in
Problem Statements and Objectives Section, tagging cost has the highest percentage of the total cost of RFID
implementation projects. It is known that the cost of a tag should be less than US$0.05 to make it feasible for high
volume supply chain operations (Dobkin, 2007). Since passive tags are mostly meant to identify inexpensive objects,
we decided to use UHF passive tags in order to minimize the cost (Dobkin, 2007).
Determining the tag type is a challenging process. It is important to find the tags which give the best cost performance
ratio. In this particular application, since the tags are used on individual consumer products in order to replace
barcodes, the cost, size, and visual appearance should be close to barcodes.
In radio frequency (RF) domain, communication is the transfer of information from one location to another, which is
achieved by energy transfer. A measure for energy transfer is radar scattering cross-section (RCS) (Dobkin, 2007). In
general, a larger tag has a larger RCS over a broad band and thus yields a better performance (Sweeney, 2005; Dobkin,
2007). However, since the tags are placed directly on consumer products that are limited in size, they must also be
aesthetically pleasing. That is why it is desired to keep the tags’ size as close as to the size of barcodes on the products.
So, this parameter should be maximized for performance, whereas minimized for commercial purposes. Therefore,
the visual similarity of the RFID tags to barcodes should be taken into account.
In our experiments, we used read redundancy for single item experiments and read rate for multiple item experiments
as performance measures. Read redundancy is one of the most important performance measures for RFID applications.
It is defined as the number of times a tag is successfully read while in the reader’s field of view. In order to optimize
the system, read redundancy should be maximized (Clampitt, 2007). For example, Walmart’s performance
requirement for its case/pallet-level RFID application was that a tag must successfully read 3 times at a distance of 10
feet from the reader and they require 100% tag read performance regardless of orientation (Rommel, 2004). In our
study, average read redundancy is defined as the read redundancy achieved per unit of time.
Read rate is another important factor for RFID systems and it describes how well a RFID system can detect all the
tags in the read range. It is defined as the ratio of tags successfully read to the number of all the tags (Bolic et. al,
2010). We used read rate to analyze multiple item readings and set the target read rate to 100%.
Factors
Antenna Setup
Foam Spacer
Tag Type
Item Content
Item Packaging

Table 2: Factors levels
Levels
1 Antenna, 2 Side antennas, Top & Side antennas, Top & 2 Side antennas
Not attached, 2 mm, 3 mm, 4mm foam spacers
Avery Dennison AD-227m5, Laxcen E40
Water-based liquid, Oil
Aluminum, Glass, Plastic

Table 2 shows all factors and levels used in our analysis for single items. We examined 6 factors and their levels in
multiple experiments and applied ANOVA to examine their significance.
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Another challenge in the system design is the random placement of the products in the zone of interest such as shopping
carts, baskets or conveyor. Since the customers do not place the products in any predetermined orientation, the relative
orientation of the tags to the reader antennas are random. In this case the orientation of items is an uncontrollable
factor whereas it is controllable in the experiments. These placements are included as six representative treatments to
examine the directionality of the tag in present conditions. In order to achieve a reliable system, we need to obtain
successful reads in all six different placements shown in Figure 2. To achieve this, we developed a mathematical
model, which eases the analysis of the placements of tags in each combination of factors. For this, we introduced of
Product of Placements (POP) and Binary Product of Placements (Binary POP) models.

1

2

4

5

3

6

Figure 2: Six different tag placements
A successful read redundancy (SRR) value given in Equation (1) is either its real value or 0 if it is lower than target
read redundancy value 3. POP in Equation (2) is calculated by multiplying the read redundancy values of the six
placements. Binary POP given in Equation (3) then is set to 1 if POP is greater than 0, and 0 otherwise. Binary POP
helps us to find if there is any placement in which the tag fails to be read. Our purpose is to identify parameter values
to achieve reading the tags in all six placements for each item. Additionally POP model helps to analyze the system
when there are high level interactions.
𝐑𝐑,
𝒊𝒇 𝑹𝑹 ≥ 𝟑
𝑺𝑹𝑹 = {
(1)
𝟎,
𝒊𝒇 𝑹𝑹 < 𝟑

6

POP(j, k, l, m) = ∏ SRR(i, j, k, l, m)

(2)

i=1

𝑩𝒊𝒏𝒂𝒓𝒚 𝑷𝑶𝑷(𝒋, 𝒌, 𝒍, 𝒎)
𝟏,
= {
𝟎,

𝒊𝒇 𝑷𝑶𝑷(𝒋, 𝒌, 𝒍, 𝒎) > 𝟎

(3)

𝒊𝒇 𝑷𝑶𝑷(𝒋, 𝒌, 𝒍, 𝒎) = 𝟎

POP = Product of Placements
SRR = Successful Read Redundancy
RR = Read Redundancy
i = 1, 2, 3, 4, 5, 6 (Placements)
j = Aluminum, Glass, Plastic (Packaging Type)
k = Water based liquid, Oil (Item Content)
l = Avery Dennison AD-227m5, Laxcen E40 (Tag Type)
m = Not Attached, Attached (Foam Spacer)
In order to gather data, we built an RFID test facility including 2 Impinj RFID readers, 3 UHF circularly polarized
antennas, 1 antenna portal and a PVC stand, where we conducted experiments with single items. Then we expanded
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the experiments with multiple items in a real supermarket environment to test the performance of tagging in a real
environment.

4. Results
4.1 Pricing Survey
In order to find the tags which give the best cost performance ratio, we initially compiled a pricing survey for
commercial UHF passive tags. For our initial selection, we picked 37 different commercial tags from major RFID
manufacturers including Alien, Avery Dennison, Invengo, Lab-id, Laxcen, Rafsec and Smartrac. The initial selection
was made based on the feature of the tags, such as size, directionality, read range and the expected behavior around
the materials in our application. Figure 3 shows the ranges of unit price of UHF RFID wet inlay for each brand when
purchased in amounts of 100,000 units. In terms of price, Laxcen and Avery Dennison offer the most competitive
price range which is very close to the target price (US$0.05), and more brands will meet this requirement if the retailer
can achieve economy of scale in purchasing. By regarding the size and cost constraints, we selected the best two tags
from our initial selection which fit the criteria. Table 3 shows the selected tags and their features.
Table 3: Selected tags based on cost and size
Picture
Tag Type
Long Side (mm)
Short Side (mm)
Area (mm ²)
Wet Inlay Unit Cost (100K)

Avery Dennison AD-227m5
95.03
8.15
774.495
0.062

Laxcen E40
43
21
903
0.055

Price range of brands for 100K pieces (in US$)

Brands
$0.05 target
SAG
Rafsec
Lab-id
Alien
Smartrac
Invengo
Avery Dennison
Laxcen

Left: Lowest Prices Right: Highest Prices

Figure 3: Unit price range of brands for 100K pieces (in US$) for UHF wet inlays
4.2. Experimental Results
4.2.1 Analysis of Tagging Methods
We conducted experiments with the two selected tags: Avery Dennison AD-227m5 and Laxcen E40. This selection
is good for the economic feasibility of the system since their unit price is close to the target unit price of US $0.05.
We conducted a set of experiments to identify critical factors that affect the performance and select the best treatment
combinations using only 1 circularly polarized antenna placed on side and 4 mm foam spacers.
As it is seen in Figure 4, foam attachments drastically improves the performance and aluminum gives the poorest
performance in comparison to other package materials. Additionally, water is slightly worse than oil, and there is not
a significance difference between tag types. Table 4 shows the p-values of the factors used in this experiment.
According to the ANOVA table, all factors other than tag type is significant; however, there are also high level
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interactions. We conducted more detailed investigation with POP analyses in order to identify feasible solutions to
each product combination.
Table 4: ANOVA table for analysis of tagging methods
Source
Model
Linear
Tag Type
Foam Spacer
Content
Package
.
.
.
3-Way Interactions
Tag Type*Foam Spacer*Package
Tag Type*Content*Package
Foam Spacer*Content*Package

P-Value
0.000
0.000
0.895
0.000
0.024
0.000
.
.
.
0.000
0.032
0.002
0.000

Figure 4: Main effects plot for analysis of tagging
methods
Aluminum
35
30
25
20
15
10
5
0

Content
Tag
Foam

Glass

27

23

21

17

0

0

1

0

0

0

34

35
30
25
20
15
10
5
0

25

W

W

W

W

O

27
17

27

22

O

O

O

14
0

W

W

W

W

O

O

O

O

E40

E40

m5

m5

E40

E40

m5

m5

Tag

E40

E40

m5

m5

E40

E40

m5

m5

Atc

NA

Foam

Atc

NA

Atc

NA

Atc

NA

Atc

NA

27

27

O

O

Atc

NA

Atc

NA

Atc

NA

Content

1

0

Plastic
35
30
25
20
15
10
5
0

Content

25

21

27

23

4
W

Tag E40
Foam Atc

W

W

O: Oil content, W: Water-based Content,
Atc: Foam attached, NA: No foam attached
m5: Avery Dennison AD-227m5, E40: Laxcen E40

1

9

W

O

O

E40

m5

m5

E40

E40

m5

m5

NA

Atc

NA

Atc

NA

Atc

NA

0

Figure 5: POP analysis of tagging methods
According to the POP analysis given in Figure 5, the results show at least one possible solution for each product
combination. It is evident that all items which have water-based content failed to be read at least at one placement
regardless of the tag type when they are not foam attached. However, foam spacers solved this issue for glass and
plastic packaging other than (plastic, oil, E40) combination. Additionally, the items which have aluminum packaging
failed to be read at all directions regardless of the content material when foam spacers are not used. This is so because
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metallic items are most likely to be RF reflecting and metals may have a detuning effect on RFID tags when they are
attached directly on metallic surfaces (Dobkin, 2007).
Based on the results, we decided to select E40, since E40 works on most cases and is cheaper. Although its Binary
POP is zero (i.e. it could not be scanned for some directions), average read redundancy of E40 for oil in plastic is close
to that of other cases with Binary POP of 1. As described in the next section, adding another antenna easily solves this
problem and achieves the Binary POP of 1 for E40 applied to the oil in plastic case.
4.2.2 Antenna Setups and Foam Spacers
In favor of aesthetic and cost, it is better to reduce the thickness of the foam spacers. Since the previous experimental
results show that foam spacers are necessary in the presence of aluminum and water, we further examined the effect
of foam spacers. This time we only took Laxcen E40 into consideration because tag type does not have a significant
effect and Laxcen E40 is the cheaper alternative. We used 2 Side (2S), top and side (T&S) and top and two side
(T&2S) antenna setups in order to investigate the effect of various antenna setups on the performance. Table 5 gives
the factors and levels used in this experiment.
Table 5: Factors and levels for analysis of
antenna setups and foam spacers
Factors
Levels
2 Side antennas (2S),
Antenna Setup Top & Side antennas (T&S)
Top & 2 Side (T&2S)
Foam Spacer
Not attached, 2 mm, 3 mm
Item Content
Water-based liquid, Oil
Item Package
Aluminum, Glass, Plastic
Placement
1, 2, 3, 4, 5, 6

Figure 6: Main effects plot for analysis of antenna setups and
foam spacers
According to the main effects plot given in Figure 6, the thicker the foam spacer, the higher read redundancy is
achieved. POP analysis given on Figure 7 shows that with 3 mm foam spacers, we can achieve good performance in
most cases; however, 2 mm spacers yield poor performance on aluminum packaging regardless the content. On the
other hand, water content needs to be tagged with at least 2 mm foam regardless the packaging materials in order to
achieve a satisfactory performance. When single antenna and multiple antenna setups are compared, oil in plastic
attached with E40 without foam spacers gives satisfactory results only under multiple antenna setups. This is due to
the fact that multiple antennas placed in different orientations can cover more directions. T&2S antenna setup is
slightly better than other alternative antenna setups; however, the ANOVA analysis showed the difference was not
significant. As shown in Figure 7, T&S antenna setup yields a satisfactory Binary POP (Binary POP = 1) for all
product types with or without foam. Based on this result, we concluded that T&S antenna setup is possibly a better
antenna setup in comparison to other alternatives considering readability, cost, and design constraints (e.g., limited
space in checkout stations). Therefore we choose the T&S setup in the subsequent experiments described in Section
4.2.3.
Finally, we obtained the tag selection which gives satisfactory read-performance at low cost. Table 6 provides the
final tag selection for each product. The analyses show that the cost effective tagging solutions are applicable for the
single-item case by using necessary foam spacers and multiple antennas.
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Figure 7: POP analysis of antenna setups and foam spacers
Table 6: Improved tag selection
Product
Package Content Foam Spacer Inlay Type
Canned beer
A
W
3 mm
E40
Bottled beer
G
W
2 mm
E40
Lemonade in plastic bottle
P
W
2 mm
E40
Stir fry oil in can
A
O
3 mm
E40
Extra light Olive Oil
G
O
No foam
E40
Olive oil in plastic bottle
P
O
No foam
E40

Unit Cost (Inlay + Spacer)
0.066 USD
0.064 USD
0.064 USD
0.066 USD
0.055 USD
0.055 USD

4.2.3 Multiple Item Experiments
This set of experiments is conducted in a real supermarket environment to validate the final tag selection for multiple
item reading case. For this, the products are initially put in 6-pack cases, placed on the conveyor and moved through
an antenna portal for 5 seconds. Then we repeated the experiments using 24 mixed tagged items in a shopping basket
and 36 mixed items in a shopping cart.
Table 7: Read rates for multiple item experiments
Number of Items
Average Read Rate in %
6-Pack
6
98
Shopping basket
24
97
Shopping cart
36
75
We examined T&S antenna setup for experiments with shopping baskets and carts on a conveyor. Similar to the
previous experiments, we also examined various orientations of packs, baskets and carts. This time, we calculated the
read rate which gives the percentage of tags read in multiple tag readings as shown in Table 7. The read rate did not
reach the goal (100% read rate) in any case. The reason of poor performance is possibly due to the RF-unfriendly
materials around the products. For instance, the products on the conveyor tend to fail when tags are touching on the
conveyor surface. Additionally, in baskets or carts the products are covered with many and possibly RF-unfriendly
materials in adjacent products that may cause attenuation in RF interrogation. The experiments showed that the best
result is achieved by individualizing the items instead of conducting multiple item readings at once. In the next section,
we will discuss how to overcome this technical limitation.
4.3 Process Analysis
In the previous sections, we determined the tag types and foam spacers for each product, discussed different antenna
setups and multiple item readings. We have seen that RFID tags can achieve high reading rates with single or multiple
separated items; however, reading performance on multiple items in a real environment is limited in RF-harsh
conditions. If the scanning is done by individualizing the products, the performance of an RFID enabled POS checkout
system can drastically be increased. Based on this idea, we propose a new POS checkout design which possibly
eliminates the technical limitations and simplifies the checkout process by RFID. As mentioned in Section 2, a few
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Figure 8: a) Traditional checkout process

b) RFID-enabled carousel
cabinet

c) New process with RFID-enabled
checkout carousel

research works proposed ideas of RFID-enabled carts and RFID portals. This study proposes a checkout design to
overcome the related technical and economic issues.
In typical supermarkets, customers go through 3 main processes shown in Figure 8a during checkout what constitute
the total checkout time. The fact is that even if customers go through a RFID portal or use RFID smart carts during
check out, bagging process cannot be avoided. Such RFID-based systems may reduce or eliminate scanning time;
however, bagging and payment processes have to be performed before customers leave the store.
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0,75

Table 8. Simulation results
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Figure 8b shows the proposed checkout system with carousel cabinets where the bagging process is simply done by
taking the individual products out of the basket and placing into shopping bags. The system takes the benefit of
bagging process in order to overcome technical issues discussed previously, i.e., separating individual products for
scanning. The proposed system has an RFID system integrated into a carousel cabinet for supermarkets. Customers
arriving at the carousel start bagging and RFID system does automatic scanning during bagging, so that the total time
spent for the checkout decreases (Figure 8c).
According to our simulation analysis on Rockwell Arena software, the RFID-enabled carousel checkout system
achieves significantly reduced waiting time in lines. Figure 9 shows that the percentage of customer waiting less than
1 minute (including zero) increases from 62% to 83% and percentage of customers waiting 1 to 10 minutes drops from
34% to 17% when this RFID system is deployed. Additionally, the percentage of a number of customers waiting more
than 10 minutes drops to zero. Since the scanning is automated, this system also lets the number of cashiers
significantly decrease. Table 8 shows other measures such as average waiting time and checkout time which drastically
decrease by the proposed RFID system.

5. Conclusion

We have examined the performance of a UHF passive RFID system by investigating effect of different packaging
materials and contents found in consumer products. We conducted a pricing survey on passive UHF RFID tags and
applied design of experiments and simulation to identify the best tagging method. We examined the effect of foam
spacers under various antenna setups and validated the tagging method with multiple item readings in a real
environment. To overcome technical challenges, we proposed a new RFID-enabled carousel checkout system. We
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also applied process analysis and simulation in order to measure the amount of reduction in checkout time, which can
consequently lead to a reduced number of cashiers. We concluded that by an optimal tagging and system and process
design, application of RFID to supermarket checkout is not only feasible but also effective and efficient. As a future
study this research can be expanded to test on different products with different geometry, size and materials.
Additionally, in the presence of multiple the RFID-enabled checkout stations, interference between stations may occur
and result in faulty reading such as reading unwanted items in neighboring zones or missing the items in the zone of
interest. The systems should be analyzed and designed in order to overcome this interference issue while achieving
100% read rate.

References

Bolic, M., Simplot-ryl, D., Stojmenovic, I. (2010). RFID Systems; Research Trends and Challenges. West Sussex,
UK: John Wiley & Sons Ltd.
Brice, D., Carpenter, S. (2006). Media enabled shopping cart system with basket inventory. Media Carts Holdings
Inc., USPTO. US20060289637 A1.
Carthy, U. M., Ayalew G., Butler F., McDonnell, K., Ward, S. (2009). Impact of reader antenna polarization, distance,
inlay design, conveyor speed, tag location and orientation on the coupling of UHF RFID as applied to modified
atmosphere packaged meat. Computers and Electronics in Agriculture, 69(2), 135-141.
Clampitt H. (2007). The RFID certification textbook. (3rd ed.). American RFID Solutions, LLC.
Daily, M. A. (2008). Smart RFID checkout kiosk. Claremont, DAGOSI, LLC. US20080211671.
Das, R. and Harrop, P. (2007). RFID forecasts, Players & Opportunities (2007- 2017). Cambridge, UK: IDTechEx
Ltd.
Dobkin D. M. (2007). The RF in RFID passive UHF RFID in practice. Burlington, MA: Elsevier Inc.
Exposito, I. and Cuinas I. (2011). RFID tag readability around white wine bottles. 19th International Conference on
Software, Telecommunications and Networks (SoftCOM).
Kourouthanassis, P., Spinellis, D., Roussos G., and Giaglis G. M. (2002). Intelligent cokes and diapers: MyGROCER
ubiquitous computing environment, e-commerce and web technologies. Proceedings of the First International
Mobile Business Conference, 150-72
Loebbecke, C. (2005). RFID technology and applications in the retail supply chain: The early Metro Group pilot.
Proceedings of the 18th Bled eConference eIntegration in Action.
Malone, M. (2012). Did Wal-Mart love RFID to death?. Smart Planet.
Malone, R. (2005). To RFID or not? Forbes, URL: http://www.forbes.com/2005/11/01/rfid-walmart-savingscx_rm_1031rfid2.html.
Robarti M. (2010). Wal-Mart relaunches EPC RFID effort, starting with men's jeans and basics. RFID Journal, URL:
http://www.rfidjournal.com/articles/view?7753.
Rogers, J. (2011). Why the grocery store of the future never happened? TBD, URL:
http://www.tbd.com/articles/2011/04/why-the-grocery-store-of-the-future-never-happened-58192.html.
Rommel, J. (2004). Making sense of EPC standards and Wal-Mart. Columbia, MD: Matrics, Inc.
Starrett, B. M. (2003). Big brother comes to Wal-Mart. News with Views, URL:
http://www.newswithviews.com/Mary/starrett14.htm
Swedberg C. (2013). IER's expedited self-payment kiosk speeds up checkouts. RFID Journal.
Ustundag, A. (2008). RFID ve tedarik zinciri. Istanbul, Turkey: Sistem Yayincilik.
Ustundag, A. (2013). The value of RFID benefits vs. costs. London, UK: Springer.
Yen C. C., Veeramani D., Gutierrez, A. (2006). RFID tag reading effects of cylindrical conductive packages.
Proceedings of the 36th European Microwave Conference. 733-736.

34

Proceedings of the 2nd Global Conference on Engineering and Technology Management 2015, Chicago, IL, USA,
September 4 – 5, 2015

A Literature Survey on Energy Aware Manufacturing and Logistics
Operations with a Lean Thinking Perspective
Sule Itir Satoglu
Management Faculty
Industrial Engineering Department
Istanbul Technical University
Macka, Istanbul 34367, Turkey
Emre Cevikcan
Management Faculty
Industrial Engineering Department
Istanbul Technical University
Macka, Istanbul 34367, Turkey
Serdar Baysan
Management Faculty
Industrial Engineering Department
Istanbul Technical University
Macka, Istanbul 34367, Turkey
Abstract
Sustainability of the manufacturing systems requires that the conditions under which humans and nature can co-exist
in productive harmony are maintained, while fulfilling the social, economic and other requirements of the present and
future generations (EPA, 2013). Sustainability and consumption of the energy that is one of the vital resources of the
manufacturing systems efficiency are tightly correlated with each other. Due to the environmental concerns and
limited energy resources, energy efficiency of the manufacturing systems has become a vital issue. In this study, an
extensive literature survey is performed about energy aware manufacturing and logistics operations, especially with a
lean thinking perspective. Since lean thinking stipulates elimination of all non-value added operations, it is expected
to contribute to the reduction of energy consumption of the manufacturing systems. 90 publications including journal
and conference papers and technical reports of the environmental agencies are reviewed and summarized. Besides,
open research areas are determined and suggestions for the future studies are made.
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1. Introduction
The foundations of the Lean Production is based on the Toyota Production system that targets eliminating all wastes
lying within a company processes by following continuous improvement studies (Monden, 1993). Later, Womack and
Jones adapted the Toyota Production System to the American culture and introduced Lean Thinking (Womack and
Jones, 2003). So, lean thinking is a philosophy that is based on elimination of all non-value adding activities to
improve the performance of a production system or an enterprise (Liker, 2004). Based on this philosophy, every kind
of effort that does not contribute to the product or service is a kind of “waste”. To define the waste, one must evaluate
an activity from the customers’ point of view. Any activity that the customer does not wish to pay for is a waste. There
are seven main types of wastes, namely, overproduction, inventory, material handling, waiting, rework, motion and
over-processing (Monden, 1993). Besides, unemployed employer creativity is later classified as an additional kind of
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waste (Liker, 2004). Womack and Jones (2003) classified products or services that do not satisfy the customer
expectations as a waste.
By means of using the tools and techniques of Lean Production, such as industrial housekeeping, setup reduction, pull
production control, fool-proof mechanisms, total productive maintenance, value-stream mapping etc., the production
systems can work by using less material, time, workforce, space and even energy. There have been some studies that
intended to observe how well the companies could implement these tools and techniques to their production and
managerial processes (Satoglu and Durmusoglu, 2003; Panizzolo, 1998).
The relationship between the lean practices and the sustainability or energy effectiveness has started to be investigated
in detail. United States Environmental Protection Agency published a Lean and Energy Toolkit (EPA, 2007) where it
is expressed that there are certain wastes of energy hidden within the manufacturing systems (EPA, 2007). In that
toolkit, the Agency directly links the seven wastes of lean production with energy consumption (EPA, 2007). Some
of these energy wastes are due to defective products, producing more than needed (overproduction), inventory waste,
wastes of waiting due to machine setup times, and energy consumption due to machine wear-out. To alleviate these
wastes, some of the possible solutions are Total Productive Maintenance, error-proofing, quick changeover (SMED),
use of right sized equipment (Gogula et al., 2011); plant layout redesign, improvement of transportation vehicles and
energy kaizen events (EPA, 2007).
Baysan et. al. (2013) expressed that the manufacturing companies usually are not aware about the consumption
distribution of different manufacturing units, and also about the level of indirect energy consumption rates. So the
authors proposed a simulation-based methodology that intends to observe and evaluate the energy consumption
distribution of the manufacturing systems between direct and indirect energy, dynamically. Besides, Value Stream
Mapping (VSM) was also modified such that energy consumption rates and material consumption are also illustrated
as energy and material lines, below the time line (Faulkner et. al., 2012). The authors called this tool as sustainableVSM. This is a valuable tool for observing the energy-intensive stages of the production system.
There is a rapidly growing literature that integrates the sustainable manufacturing, logistics applications with the lean
tools and techniques. However, there is need for classification of these papers. Therefore, a comprehensive literature
review is carried out in this study in order to identify the interrelationships found to date between Lean Manufacturing
and energy efficiency or sustainability. The literature review includes peer reviewed journal articles and book chapters,
conference papers, white papers and toolkits. The publications were taken from journals in the areas of production
management, operations management and operations research, energy and sustainability. By means of this review,
future research opportunities are also explained, in this paper.

2. Relationship between Lean Tools and the Energy Efficiency Improvement
U.S. Environmental Protection Agency reported that considerable energy saving can be achieved by application of the
lean tools and techniques (EPA, 2007). Several big size companies such as 3M, Toyota Motor Company, General
Electric, as well as the small or medium-size companies earned significant energy cost reductions, by means of Lean
tools (EPA, 2007). In addition to the energy savings, green house emission reductions are also another significant
contribution for the sustainable environmental protection..
In this section, first the Lean Energy Assessment Techniques and then the Lean Techniques that Serve Energy Savings
are briefly explained.
2.1. Lean Energy Assessment Techniques
 Sustainable Value-Stream Mapping (Sus-VSM): Faulkner et. al. (2012) developed the Sus-VSM tool
based on the well-known Value Stream Mapping tool of the Lean Production. However, in this tool, under
the timeline, energy and material consumption are also shown as notched lines. By an application of this tool
for a specific product family, the processes’ exact amount of energy consumption can be observed. Besides,
the material consumption such as cooling water, lubricants etc. can be also measured, and recorded. By taking
such a snapshot of the production system, a current state Sus-VSM is established. Later, by the analysis of
this current state map, opportunities of energy improvement can be determined, and future projects can be
planned. Later, based on tha target levels of the performance measures and the tools and projects to be
applied, a future state VSM can be established.
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Six-Sigma: Six Sigma is a well-known statistical quality control methodology that intends to improve the
quality of products continuously. By using statistical process control tools, the process can be better tracked,
and quality of products can be improved, accordingly.

2.2. Lean Techniques that Serve Energy Savings
 Energy Kaizen Events: One-day events can be organized to focus on a specific unit of a production system
or a machine, in order to improve the energy consumption of that component. As a result, more suitable
manufacturing parameters can be determined for reduced energy consumption.
 Total Productive Maintenance: This technique aims to improve the Overall Equipment Effectiveness that
decreases due machine degradation, excess setup and downtimes, and defective products. Defective products
are either reworked or sent to scrap. These require additional energy, material and other manufacturing
resources to manufacture as much as the defective products. Besides, if the machine is not in good condition,
it spends more energy than needed. If proper maintenance activities are applied to the machines, there will
be possibly large energy savings. Total productive maintenance aims at reducing defectives, all unplanned
downtimes including the setup times, machine break-downs and intends to improve the machine’s condition
to slow down its degradation.
 Cellular U-Shaped Layout: Material handling wastes occur due to improper facility layout planning.
Cellular manufacturing and U-shaped layout decreases the material handling distances (Durmusoglu and
Satoglu, 2011), reduces the requirement for material handling equipment. Hence, great energy and fuel saving
can be achieved.
 Lean Logistics: Lean logistics intends to eliminate all non-value adding inbound and outbound logistics
activities. The need to distribute small quantities of large number of items within the plant or from the supplier
to one or more customers with short and predictable lead times without increasing transportation costs
resulted in development of milk-run material delivery system (Baudin, 2004). Instead of direct deliveries
from the central warehouse to the stations of an assembly line back-and forth, a milk-run route is constructed
and by this route the tow-truck delivers small quantities of goods to the stations. This kind of a route
construction may decrease the distance travelled.
 Right Size Equipment Selection: Instead of using over-sized equipment for manufacturing, selection of the
right sized, tailored equipment may decrease the energy consumption.
 Visual Control and Fool-Proof Mechanisms (Poka Yoke): By means of inexpensive and useful
mechanismsm and visual control tools, human error and the defective products can be decreased or prevented.
So, this also enhances elimination of using excess energy due to the defective products.
 Variability reduction: The variability inherent within the process times affects the way the material flows
through the system, and increases the capacity utilized to a level that is more than actually needed (Hopp and
Spearman, 2011). Therefore, all sources of variability are always suggested to be reduced or eliminated.
Standard work procedures must be defined for all tasks in order to eliminate the process and setup times’
variability.

3. Literature Review on Lean Management and Energy Efficiency
Lean Manufacturing tools lead to significant effect on sustainability which is a vital factor for competitive advantage
and environment preservation. Meanwhile, a number of authors also emphasize the fact that Lean Manufacturing's
‘new frontier’ is its link to energy efficiency (Martínez-Jurado and Moyano-Fuentes, 2013). Therefore, a
comprehensive literature review is carried out in this study with a view to identifying the interrelationships found to
date between Lean Manufacturing and energy efficiency. The literature review includes peer reviewed journal articles
and book chapters, conference papers, white papers and toolkits. Literature was taken from journals in the areas of
production management, operations management and operations research, energy and sustainability. The result of this
process was that 80 studies (47 journal papers, 23 conference papers, 3 toolkits, 6 book chapter and 1 white paper)
were eventually selected for in-depth evaluation.
Using a chronological perspective we observed how each of these research topics evolved over time and prepared the
following graph to show the cumulative frequency of the number of articles published annually during the period
under analysis (Figure 1). It can be concluded that the gap in the interaction between Lean Manufacturing and energy
efficiency receives greater attention from researchers since 2009, except the decrease in 2010. Note that literature
review is performed until May 2015.
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Figure 1. Cumulative frequency of related studies
Figure 2 groups research with respect to type of studies conducted on Lean Manufacturing and energy efficiency.
According to Figure 2, theoretical studies has superiority over case studies and literature review in the related field in
terms of frequency. Moreover, proposed methods or methodologies are supported by applications in much of research.

Figure 2. Distribution of research by the type of studies
As far as solution technique is concerned, life cycle assessment (Larsen et al., 2012), statistical analysis (Yang et al.,
2011; Khalaf et al., 2011), energy consumption modelling (Li et al., 2014), value stream mapping (Li et al., 2012) and
discrete event simulation (Heilala et al., 2010; Thiede et al., 2013) are some the methods that constitutes the core of
the reviewed studies. In 36% of the reviewed studies (Oppenheim, 2007; Frazier, 2009; Seow and Rahimifard, 2011;
Haragovics and Mizsey, 2014), formulations about energy consumption are provided. Furthermore, In 7% of the
studies (Cannata et al., 2009; Johansson et al., 2009; Kara and Ibbotson, 2011), proposed method depends on
measurements rather than calculations.
As for the interaction between lean techniques and energy efficiency aspect, 30% of the studies include explanations
about how the application of the lean techniques, namely one-piece-flow (Diaz-Elsayed et al., 2013; Oppenheim,
2007), TPM (Gogula et al., 2011; Chiarini, 2014), SMED (Diaz-Elsayed et al., 2013; Chiarini, 2014), kanban (Gogula
et al., 2011), Kaizen (Kiss, 2009), 5S (Oppenheim, 2007; Chiarini, 2014), Visual Management (Oppenheim, 2007;
Kiss, 2009), Poka Yoke (Baysan et al., 2013), cellular manufacturing (Pampanelli et al., 2014; Chiarini, 2014) and
Value Stream Mapping (Heilala et al., 2010; Bogdanski et al., 2013; Keskin et al., 2013; Salim et al., 2014; Brown et
al., 2014), affects energy efficiency.
Figure 3 shows the distribution of the studies in terms of scale. According to this figure, manufacturing system level
can be regarded as the most frequently adopted scale for the reviewed studies. In addition, it will be meaningful to
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note that some of the studies have the characteristics of machine-manufacturing system level (Seryak et al., 2006;
Ramasubramanian et al., 2009; Prabhu et al., 2012; Müller et al., 2013) and product-machine level (Oppenheim, 2007;
Seow et al., 2013).

Figure 3. Distribution of research with respect to their level

3. Discussion and Conclusions

This paper introduced an literature review about the interaction between energy consumption assessment and lean
manufacturing. The motivation of this study is the fact that the implementation of lean tools triggers reduction in
energy consumption. The literature review first classified the studies with respect to type of research. Then, frequency
of these research is shown annually, so that the relevant trend can be observed. The emphasis on energy consumption
assessment and the effects of the implementation of lean tools on energy consumption were also addressed. Last but
not least, the trend of literature according to scale of studies were given. The future developments and suggestions are
summarized as follows:





It can be concluded that there is a research gap about multidisciplinary studies such as mechanical
engineering-electrical engineering-industrial engineering. For instance, some improvements can be obtained
via the synchronous activities about product design, equipment design, process parameter optimization.
More emphasis can be given on supply chain oriented lean studies, since the effect of such studied on energy
efficiency is larger when compared to manufacturing system or machine scaled studies.
Since control of energy consumption is not possible without tracking, some studies can be performed via
integrating real time energy metering and lean manufacturing.
Due to the fact that lean applications require low or medium level of investment, economical analysis (ROI,
net present value, internal rate of return, pay-back period etc.) on lean applications including energy
efficiency can be addressed in future studies.

Finally, there are several work to be pursued for future studies for the authors of this study. First, the consideration of
industry/sector will be included, since energy intensiveness is different for various sectors. In addition, simulation
methodology can be provided so as to assess energy efficiency in lean systems.
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Abstract
Near Field Communication (NFC) is currently perceived to be one of the most promising technologies for the future
and will most likely become the standard in mobile devices in the years to come. Due to the novel nature of this
technology, the assessment of its importance for one of the most relevant sector in Italian economy, the wine industry,
is still relatively unclear. The present study investigates customer acceptance in using NFC technology as anticounterfeiting tool and it is based on a hybrid model incorporating factors from established traditional acceptance
models. Empirical data from a survey have been used to assess whether the examined factors are adequate to measure
user acceptance of the new technology. The findings of this study will add value to the research stream due to lack of
research on NFC technology-based products and services and will suggest theoretical, methodological and managerial
implications to make the best usage of NFC technology within the wine businesses.
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1. Introduction

Different short-range communication technologies have been integrated into mobile phones in the recent years,
including infrared transceivers, Bluetooth technology and Radio Frequency Identification (RFID) (Falke et al., 2007).
The last step is Near Field Communication (NFC), and the basis for the development and application of this technology
has been created in the last decade, as well as the growing interest of many stakeholders.
The present study aims to explore customer acceptance of NFC technology in the wine industry by employing a hybrid
model incorporating factors from established traditional acceptance models. In this section, we introduce the NFC
technology and its application for authentication in the wine industry. In section 2, we show the theoretical background
about acceptance models. Based on the evidence of section 2, in section 3 we develop a hybrid acceptance model and
some hypothesized relationship between constructs. Section 4 describes the research method applied. Results are
discussed in section 5 and some conclusions are drawn in section 6.
1.1. Near Field Communication Technology
NFC is a short-range wireless communication technology between two NFC-enabled devices which is evolved from
Radio Frequency Identification (RFID) (Ok et al., 2010; Siira & Törmänen, 2010). The main difference between these
technologies is that in contrast to RFID, where the focus is on identification, NFC is based on interaction (Pesonen &
Horster, 2012). According to Falke et al. (2007), NFC combines the advantages of RFID and the advantage of having
two-way communication. Mobile devices can, for example, exchange pictures just by enabling NFC transfer and
bringing two NFC-capable devices close to each other (Pesonen & Horster, 2012).
The comparison of different wireless technologies presented by Dubey et al. (2011) shows that NFC, compared to
other technologies, has better usability, more use cases and better consumer experience.
Beside the several advantages, one of the most relevant negative side of NFC technology is that it is unlikely to succeed
without a large number of NFC-enabled devices (Pesonen & Horster, 2012), but the number of NFC-enabled mobile
phone models on the market is rapidly growing.
1.2. Counterfeiting in the wine industry
Counterfeiting intended as a precise and self-standing issue in academic investigation practices has earned increasing
importance from 80’s; nowadays such a research matter gained impressive interest starting from years 2000. From a
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value generation stand point, within the European F&B companies, accounted for generating global revenues for about
1€ trillion yearly, Italian ones (124 € billion in 2010, +3,3% on 2009) - the third in terms of overall generated revenues–
suffer a loss of more than 60 € billion due to both pure counterfeiting (6 € billion) and Italian Sounding phenomenon
(54 € billion). Wine business represents one of the most damaged industry for both Italian (17% of the overall F&B
production) and EU (28% of the overall wine production) economies due to counterfeiting phenomena. According to
FederAlimentare (2011), Italian wine business, that can be worth 13.5 € billion (3.7 € billion export), suffers of a 2 €
billion counterfeiting loss in revenues, resulting in about the 14.8% of the total and more than 50% of the total export
value.
Some anti-counterfeiting measures are already in place within the market with discordant effectiveness, such as
government seals or anti-opening systems. However, such techniques solve the problem only partially. In fact, limiting
the action to assure the integrity of the container, i.e. the bottle, even if important, does not give itself the assurance
of the genuineness of the content (i.e. the wine); at the same time focusing only on the content is not feasible from a
practical application standpoint.
1.3. Application of NFC technology in the wine industry
The most known anti-counterfeiting technologies for wine are generally used by experts (customs officials, law
enforcement services, private investigators, etc.). The final consumer is rarely involved in the authentication of the
bottle he is buying, although new technology (i.e. NFC) and the smartphones’ diffusion permits a large degree of
flexibility in implementing anti-counterfeiting tools. (Przyswa, 2014).
Today, using Near Field Communication technology, Wine Companies could make labels that cannot be counterfeit,
at a cost that is not affect the bottle and could be used to help end consumers to verify the authenticity of the wine
they are buying. One of the main feature of this technology is the fact that it is characterized by the accessibility to the
customer. NFC technology can be used with overt features (e.g. hologram stickers, labels, ecc.) and enable the
accessible product to be authenticated using a mobile device. Moreover, it further permits a simple authentication to
be validated by the end user, with virtually no risk of error of interpretation (Przyswa, 2014). These considerations
lead toward a possible application and diffusion of the NFC technology in the wine industry, as a traceability and anticounterfeiting tool.

2. Literature review

According to several authors (Leong et al., 2013; Tan et al., 2014; Venkatesh et al., 2003), many models have been
developed and proposed to investigate Information Technology (IT) acceptance. In this section, we briefly review user
acceptance literature and discuss six prominent models.
The six models reviewed are the Theory of Reasoned Action (TRA), the Theory of Planned Behavior (TPB), the
Technology Acceptance Model (TAM), the Diffusion of Innovation (DOI), TAM model 2 (TAM2) and the Unified
Theory of Acceptance and Use of Technology Model (UTAUT).
The Theory of Reasoned Action (TRA) is one of the most fundamental and influential theories of human behaviour
and it lays the basis for the study of how the relationship between attitude and intention to use a product or a specific
technology could be a predictor of its future adoption. This theory explains that the actual behaviour of an individual
is determined by his/her behavioural intention, influenced by subjective norms and his or her attitude towards
behaviour. Fishbein & Ajzen (1975) define subjective norm as “the person’s perception that most people who are
important to him think he should or should not perform the behaviour in question” (Fishbein & Ajzen, 1975, p. 302)
and the attitude towards behaviour as “an individual’s positive or negative feelings (evaluative affect) about
performing the target behaviour” (Fishbein & Ajzen, 1975, p. 216).
The Theory of Planned Behavior (TPB) is considered an improvement of TRA through the introduction of the
perceived behavioural control to account both the cognitive and situational resources needed to perform a task. This
added construct is defined by Ajzen (1991) as “the perceived ease or difficulty of performing the behaviour” (Ajzen,
1991, p. 188).
One of the most discussed and used methodology for evaluating the Information Technology acceptance is the
Technology Acceptance Model (TAM). Like TPB, TAM was also adapted from TRA to model user’s acceptance and
behaviour of new information systems (Fishbein & Ajzen, 1975). In TAM, there lies two main constructs, which are
perceived usefulness (PU) and perceived ease of use (PEOU). Davis (1989) define PU as ‘‘the degree to which a
person believes that using a particular system would enhance his or her job performance’’ (Davis, 1989, p. 320) and
PEOU as ‘‘the degree to which a person believes that using a particular system would be free of effort’’ (Davis, 1989,
p. 320). This model states that the use of a new technology is determined by the behaviour intention, which depends
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in the same way by the attitudes toward using (ATT) and PU. Attitudes are determined by the perceived ease of use
and usefulness, and these two constructs are both influenced by external variables, due to personal differences.
The Diffusion of Innovation (DOI) has been introduced by Rogers (1995) and provides a perspective of how
innovation among consumers moves from early adoption to mass adoption. As the speed of adoption to innovation
differs for each of the consumer groups, Rogers (1995) segmented the market into five categories based on the relative
passage of time (i.e. Innovators, Early Adopters, Early Majority, Late Majority, Laggards). Rogers (1995) suggests
also five attributes of innovations by which an innovation can be described (i.e. Relative Advantage, Compatibility,
Complexity, Trialability, Observability) and showed that individual receiver’s perceptions of these attributes predict
an innovation’s rate of adoption.
An extension of the TAM is the TAM2 model, developed by Sun & Zhang (2006), which adds some additional
variables into the original model. In particular, the authors introduce few new factors that impact on the constructs
Perceived Usfulness and Intention to Use, such as social influence (i.e. Subjective Norm, Image, and Voluntariness)
and cognitive instrumental processes (i.e. Output Quality, Result Demonstrability, Experience and Job relevance). In
their work, Venkatesh & Davis (2000) demonstrate that these variables have a relevant influence on the Perceived
Usefulness: for example, the Subjective Norm represents the direct determinant of the Perceived Usefulness, only in
case of voluntary adoption.
Later Venkatesh & Bala (2008) further extended TAM2 to TAM3 by incorporating the model of the determinants of
perceived ease of use (i.e. Computer Self-Efficacy, Perception of External Control, Computer Anxiety, Computer
Playfulness, Perceived Enjoyment, Objective Usability).
Venkatesh et al. (2003) incorporated the theories of TRA, TAM, TPB, DOI into an unified model, called the Unified
Theory of Acceptance and Use of Technology (UTAUT), with four core determinants of intention and usage (i.e.
Performance Expectancy, Effort Expectancy, Social Influence, Facilitating Conditions) and four moderators of key
relationships (i.e. Gender, Age, Experience, Voluntariness of Use). The UTAUT can be considered an evolution of
the TAM model, with the constructs Performance Expectancy and Effort Expectancy correspond respectively to
Perceived Usefulness and Perceived Ease of Use.

3. Research model and hypothesis

The literature review represents the base on which the research model has been developed. In particular, as a result of
the state of the art, the most widely used acceptation model has been identified and the core constructs to include in
the analysis on the determinants of the intention to use NFC technology have been chosen. However, a very low
number of papers focused on the application of NFC technology in the wine industry has been found (i.e. Przyswa,
2014), compared to the large number of papers related to the acceptation level of new technologies in general (i.e.
Cazier et al., 2008; Day & Su, 2012; Hossain & Prybutok, 2008; Lee et al., 2011; Leong et al., 2013; Li et al., 2014;
Luarn & Juo_2013; Muller-Seitz et al., 2009; Oh et al., 2014; Shin & Lee, 2014; Tan et al., 2014; Wang & Wang,
2010; Yazici, 2014).
According to several authors (Cazier et al., 2008; Day & Su, 2012; Hossain & Prybutok, 2008; Kim et al., 2010; Leong
et al., 2013; Li et al., 2014; Luarn & Juo, 2013; Müller-Seitz, 2009; Schierz et al., 2010; Shin & Lee, 2014; Tan et al.,
2014), among the analysed scientific papers the TAM appears to be the most widely used model, at least as the starting
point for the developing of a new one, even though the UTAUT model is comprehensive. Moreover, TAM has been
validated empirically in various studies with different contexts, populations and information system (Cazier et al.,
2008; Leong et al., 2013). However, this model is not adequate to represent the actual influences of technology use
(Tan et al., 2014) and has limitations in explaining the adoption of new information and communication technology
(ICT) (Wanga & Wang, 2010).
The research model is represented in Figure 1.
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Figure 1: Research model
According to Chen (2008) and Venkatesh (2003), we decide to remove from the TAM model the construct of the
Attitudes toward using, maintaining the main two ones, which are Perceived Usefulness (PU) and Perceived Ease of
Use (PEOU), because of their impact on the intention of use.
The Perceived Compatibility (PC) construct is included by Rogers (1995) in his DOI model and is also considered by
several authors, such as Day & Su (2012), Kim et al. (2010), Li et al. (2014), Schierz et al. (2010) and Wu & Wang
(2005).
Moreover, the construct related to the security (PS), considered by Chen (2008), Schiertz (2010), Tan et al. (2014)
and Venkatesh & Davis (2000) plays an important role in the study of new technology adoption.
Similarly, due to the nature of the analysed technology, the innovativeness construct (INN) has been considered,
according to Kim et al. (2010) and Shin & Lee (2014).
Finally, the last construct is the convenience (CON), considered because of the relevance that gaining potential
benefits has on customer’s willingness to use new technologies (Kim et al., 2010).
For these reasons, a hybrid model for the IT acceptance has been developed adding to the PU and PEOU constructs
of the TAM model four additional ones, which are Perceived Security (PS), Perceived Compatibility (PC), Personal
Innovativeness (INN) and Convenience (CON).
In this section, we briefly describe constructs of our research model and the hypothesis on the relationship between
each of them and the Behavioral Intention to use the NFC technology in the wine industry (BI).
3.1. Behavioral Intention to use (BI)
Intention to use is the main dependent variable in studies building on the TAM (Venkatesh et al. 2003), and represents
the likelihood that an individual will use a technology. In line both with the focus of this work and the previous
literature, the dependent variable of the proposed research model is the intention to use NFC technology as anticounterfeiting tool in the wine industry.
3.2. Personal Innovativeness (INN)
Personal Innovativeness is defined as ‘‘the willingness of an individual to try out any new information technology’’
(Agarwal & Prasad, 1998, p. 206). The relevance of this construct for the present analysis is related to the nature of
the NFC technology both in general and in its application into the wine industry. In fact, considering the relative
infancy of this technology, personal innovativeness seems to be one of the influencing variable of PEOU (Leong et
al., 2013; Kim et al., 2010; Shin & Lee, 2014). Based on this, the following hypothesis is proposed.
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(H1) Personal Innovativeness positively influences the consumer’s perceived ease of use.
3.3. Convenience (CON)
The real intention to use some new technologies is strictly related to its ability to offer both convenience and potential
benefits to the customers (Li et al., 2014). According to several authors, the convenience construct influences the
intention to use the analysed technology both in a direct (Teh et al., 2014) and an indirect (Day & Su, 2012; Kim et
al., 2010) way, resulting in the following hypothesis.
(H2) Convenience positively influences the consumer’s perceived ease of use.
(H3) Convenience positively influences the consumer’s perceived usefulness.
(H4) Convenience positively influences the consumer’s intention to use NFC technology.
3.4. Perceived Ease of Use (PEOU)
PEOU is the degree to which a person believes that using a particular system would be free of effort (Davis, 1989).
Kim et al. (2010), Leong et al. (2013), Li et al. (2014) and Luarn & Juo (2013), according to the TAM, showed that
PEOU has a significant impact on the intention of use of a wide range of technologies, and Cazier et al. (2008)
highlighted its specific impact on the intention to use products with RFID technology. Based on this, the following
hypothesis is proposed.
(H5) The perceived ease of use of NFC technology positively influences the intention to use it.
3.5. Perceived Usefulness (PU)
According to DOI, users are only willing to accept innovations if those innovations provide a unique advantage
compared to existing solutions (Rogers 1995). This view is reflected by the perceived usefulness construct of the TAM
(Schierz et al., 2010), which is the degree to which a person believes that using a particular system would enhance his
or her job performance (Davis, 1989). As seen for the PEOU, first of all TAM, then several authors, such as Cazier et
al. (2008), Kim et al. (2010), Leong et al. (2013), Luarn & Juo (2013) and Shin & Lee (2014), showed the relevant
impact that PU had on the intention of use technology. Moreover, Cazier et al. (2008) had a specific focus on the
relationship between these in the context of RFID technology. Hence, the following hypothesis is proposed.
(H6) The perceived usefulness of NFC technology positively influences the intention to use it.
(H7) The perceived ease of use of NFC technology positively influences the perceived usefulness.
3.6. Perceived Security (PS)
PS construct is the only one that do not explicitly belong to any previous technological acceptation model, but its
relevance is widely demonstrated in literature (Cazier et al., 2008; Hossain & Prybutok, 2008; Müller-Seitz, 2009;
Schiertz, 2010; Tan et al., 2014; Venkatesh & Davis, 2000). Security risk represents a critical concern among
consumers, especially for people that have never had previous experiences with new electronic services (Schiertz et
al., 2010; Wang & Wang, 2010; Wu & Wang, 2005). The following hypothesis is proposed.
(H8) The perceived security of NFC technology positively influences the intention to use it.
3.7. Perceived Compatibility (PC)
Compatibility is the degree to which an innovation is perceived as consistent with the existing values, past experiences,
and needs of potential adopters (Rogers, 1995). In other words, it measures consumer perceptions of the degree to
which new technology is reconcilable with individual current lifestyle. According to Rogers (1995), Li et al. (2014),
Schierz et al. (2010) and Wu & Wang (2005), PC has been found as a significant determinant of mobile technology
and service adoption. Therefore, the following hypothesis is proposed.
(H9) The perceived compatibility of NFC technology positively influences the intention to use it.
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4. Research method

In this section, the survey is illustrated and the results are analysed. A confirmatory factor analysis (CFA) has been
conducted to test the measurement model, followed by a structural equation modelling (SEM) for hypothesis testing.
To evaluate the fit of models, eight common model-fit measures have been employed.
4.1. Sampling and data collection
From the literature review, a very low number of papers focused on the application of NFC technology in the wine
industry have been found, compared to those about the acceptation level of new technologies in general or different
NFC application, such as mobile payment (Leong et al., 2013; Luarn & Juo, 2013; Schierz et al., 2010). Moreover,
none of these papers studies the Italian scenario. With the aim to overcome these gaps, an explorative survey has been
realized in order to analyse the acceptation level of NFC technology in the wine industry in the Italian contest.
Over a period of two months from February to April 2015, a total of 216 complete responses were collected.
The survey is structured in two sections, preceded by a brief presentation about NFC technology: the first one is related
to the respondents’ demographic profiles and the second one to the proposed research model’s constructs. A 4-point
Likert scale, ranging from strongly disagree (1) to strongly agree (4), has been used to measure the constructs.
The respondents consist of 56.9% males and the remaining are females. The majority of respondents are between the
age of 18 and 30 years (66.2%) and the others are between 31 and 40 for 19.9%, from 41 up to 55 for 9.3%, and over
55 for 4.6%. Finally, the distribution of the sample between those who know the NFC technology and the others are
equally divided (47.2% and 52.8% respectively).
4.2. Validation of measures
After the questionnaire was examined through pilot tests, an Exploratory Factor Analysis (EFA) with varimax rotation
was performed. EFA results are shown in Table 1. Reliability indicates that a scale should consistently reflect the
construct it is measuring (Leong et al., 2013). The reliability of the scale was tested using Cronbach’s alpha coefficient
(α), according to several authors (Cazier et al., 2008; Leong et al., 2013; Müller-Seitz, 2009; Tan et al., 2014). The
alpha coefficient is considered adequate for 0.70 or higher values (Nunnally, 1978). According to this, the survey can
be considered reliable, due to the value of its items’ Cronbach’s alpha (i.e. 0.899). Considering each model’s
constructs, all of them have relevant correlations.
Reliability and convergent validity of the factors were calculated by composite reliability (CR) and average variance
extracted (AVE), in line with several authors (Leong et al., 2013; Wang & Wang, 2010; Wu & Wang, 2005). As
shown in Table 1, the measurement scales were evaluated using the three criteria suggested by Fornell and Larcker
(1981): (1) All indicator factor loadings should be significant and exceed 0.5; (2) Construct reliabilities should exceed
0.7; (3) Average variance extracted by each construct should exceed the variance due to the measurement error for
that construct (i.e. AVE should exceed 0.5). All three conditions are respected.
To ensure that each item in the instrument is uniquely different from each other, discriminant validity test is conducted
using the criteria recommended by Fornell & Larcker (1981): the square root of the average variance extracted (AVE)
of the individual factor should exceed the correlation shared between the construct and other constructs in the model.
Table 2 shows lists the correlations among constructs, with the square root of the AVE on the diagonal. All diagonal
values exceed the inter-construct correlations, respecting Fornell & Larcker criteria.
Thus, all factors in the measurement model had adequate reliability, convergent validity, and discriminant validity.
Table 1: Construct measurement scales, reliability and convergent validity
Constructs and their items (Factor)
Behavioral Intention to use (BI)
During next months I intend to
use NFC technology to assure
the authenticity of the wine I
purchase (BI1)
I would prefer to purchase
products from retailers that
offers a big choice of wine with

Reference
Day & Su (2012; Kim et al.
(2010); Leong et al. (2013);
Luarn & Juo (2013); Schierz et
al. (2000); Shin & Lee (2014);
Tan et al. (2014); Venkatesh &
Davis (2000); Wang &Wang
(2010); Wu & Wang (2005)
Cazier et al. (2008)
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α

CR

AVE

0,860

0,868

0,687

Factor
loadings

0,595

0,945
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Constructs and their items (Factor)
NFC tag (BI2)
NFC tag for the wine traceability
will influence the possibility that
I will buy or not the product
(BI3)
Perceived Innovativeness (INN)
I know more about new products
before other people do (INN1)
I am usually among the first to
try new products (INN2)
Convenience (CON)
NFC technology is convenient
because the mobile phone is
usually with me (CON1)
NFC technology is convenient
because I can use it at anytime
(CON2)
Perceived Ease of Use (PEOU)

Reading wine labels through
NFC technology is easy and
intuitive (PEOU1)

Reading wine labels through
NFC technology is rapidly
learnable after the first time
(PEOU2)
Perceived Usefulness (PU)
Using NFC technology for the
wine traceability would enable
the
consumer
to
have
immediately the guarantee of the
authenticity of the product
(PU1)
Using NFC technology for the
wine traceability will improve
the efficiency of my shopping
experience (PU2)
Perceived Security (PS)
Using NFC technology with
mobile phone is not risky for
privacy issues (PS1)
Reading NFC tag is a safe
service (PS2)

Reference

α

CR

AVE

Day & Su (2012); Lee (2009)

Kim et al. (2010); Shin & Lee
(2014); Tan et al. (2014)

Factor
loadings

0,653
0,783

0,785

0,647
0,736

Kim et al. (2010);

0,821
0,835

0,840

0,724

Day & Su (2012); Kim et al.
(2010)

0,669

Day & Su (2012); Kim et al.
(2010)

0,740

Day & Su (2012); Hossain &
Prybutok (2008); Kim et al.
(2010); Lee (2009); Leong et al.
(2013); Luarn & Juo (2013) ;
Pousttchi (2010; Schierz et al.
(2010); Shin & Lee (2014); Tan
et al. (2014); Venkatesh & Davis
(2000); Wu & Wang (2005)
Day & Su (2012); Kim et al.
(2010); Lee (2009); Leong et al.
(2013); Luarn & Juo (2013);
Pousttchi (2010); Schierz et al.
(2010); Shin & Lee (2014); Tan
et al. (2014); Wu & Wang (2005)
Kim et al. (2010); Lee (2009);
Luarn & Juo (2013); Schierz et
al. (2010); Shin & Lee (2014);
Tan et al. (2014); Venkatesh &
Davis (2000); Wu & Wang
(2005)
Kim et al. (2010); Lee (2009);
Leong et al. (2013); Luarn and
Juo (2013); Schierz et al. (2010);
Tan et al. (2014); Wu and Wang
(2005); Cazier et al. (2008); Shin
and Lee (2014); Venkatesh and
Davis (2000)
Schierz et al. (2000); Schierz et
al. (2010); Tan et al. (2014);
Wang & Wang (2010); Wu &
Wang (2005)
Pousttchi (2010); Schierz et al.
(2000); Wang & Wang (2010)
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0,845

0,845

0,731

0,602

0,905

0,745

0,749

0,599

0,526

0,747

0,818

0,824

0,611
0,777
0,705
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Constructs and their items (Factor)

Reference

Theft of personal information is
not a possible risk using this
technology (PS3)
Perceived Compatibility (PC)
Using
NFC to assure the
authenticity of the wine fits my
lifestyle and the way I like to do
shopping (PC1)
Using NFC to assure the
authenticity of the wine satisfies
my need for information (PC2)
Factor
BI
INN
CON
PEOU
PU
PS
PC

BI
0.829
0.428
0.511
0.468
0.709
0.508
0.676

INN

α

CR

AVE

Cazier et al. (2008); Tan et al
(2014)

Factor
loadings
0,681

0,739

0,742

0,591

Schierz et al. (2010); Wu &
Wang (2005)

0,502

Day & Su (2012); Kim et al.
(2010); Wu & Wang (2005)

0,866

Table 2: Construct discriminant validity
CON
PEOU
PU

0.804
0.336
0.208
0.362
0.165
0.431

0.851
0.690
0.692
0.622
0.537

0.855
0.647
0.608
0.466

0.774
0.537
0.558

PS

PC

0.782
0.463

0.769

According to several authors (Cazier et al., 2008; Leong et al., 2013; Luarn & Juo, 2013; Wang & Wang, 2010; Wu
& Wang, 2005), a confirmatory factor analysis was conducted to test the measurement model. Eight common modelfit measures have been employed to assess the model’s overall appropriateness of fit: the ratio of χ2 to degrees-offreedom (d.f.), goodness-of-fit index (GFI), adjusted goodness-of-fit index (AGFI), normalized fit index (NFI), nonnormed fit index (NNFI), comparative fit index (CFI), incremental fit index (IFI) and root mean square residual
(RMR).
As shown in Table 3, all the model-fit indices exceeded their respective common acceptance levels suggested by
previous research (i.e. considering the most restricted value), thus demonstrating that the measurement model has a
good fit with the data.
Goodness-of-fit
measure
χ2/d.f.
GFI
AGFI
NFI
NNFI
CFI
IFI
RMR

Table 3: Measurement and structural model fits
Recommended value

Measurement model

≤3.00 (Wang & Wang, 2010)
≥0.90 (Byrne, 2001; Hair et al., 2010)
≥0.80 (Byrne, 2001; Hair et al., 2010)
≥0.90 (Gefen et al., 2000; Hair et al., 1998)
≥0.90 (Wu & Wang, 2005)
≥0.90 (Bagozzi & Yi, 1988; Hair et al.,
1998)
≥0.90 (Gefen, et al., 2000)
≤0.08 (Browne & Cudeck, 1993)
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1,401
0.980
0.889
0.924
0.896
0.976
0,977
0.025

Structural model
4,592
0,979
0,850
0,985
0,923
0,988
0,988
0,026
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5. Results
5.1. Hypothesis results
In order to validate hypothesis results, path analysis based on the p-value has been conducted, according to several
authors (Cazier et al., 2008; Leong et al., 2013; Wang & Wang, 2010; Wu & Wang, 2005).
As shown in Table 4, CON has a positive significant causal relationships with PEOU (b: 0.980; p: 0.000) and PU (b:
0.434; p: 0.000) and PEOU is positively correlated with PU (b: 0.304; p: 0.001). Moreover PC and PS have a
significant positive relationship with BI (b: 0.648; p: 0.000) (b: 0.171; p: 0.000).
On the other hand, PU (b = 1.062; p = 0.000), PEOU (b = - 0.241; p = 0.000) and CON (b: - 0.366; p: 0.000) do not
have significant relationships with BI. INN (b: - 0.173; p = 0.000) was found to have insignificant relationships with
PEOU. As a conclusion, PC has the strongest impact on BI, followed by PS.

H1
H2
H3
H4
H5
H6
H7
H8
H9

Hypothesis
INNPEOU
CONPEOU
CONPU
CONBI
PEOUBI
PUBI
PEOUPU
PSBI
PCBI

Estimate
-.173
.980
.434
-.366
-.241
1.062
.304
.171
.648

Table 4: Hypothesis test result
S.E.
C.R.
.051
-3.397
.062
15.759
.050
8.727
.067
-5.493
.063
-3.793
.083
12.842
.052
5.829
.047
3.658
.057
11.417

p
***
***
***
***
***
***
***
***
***

Supported
No
Yes
Yes
No
No
No
Yes
Yes
Yes

Figure 2 presents the significant structural relationship among the research variables and the standardized path
coefficients.

Figure 2: Summary of SEM results
5.2. Survey results
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In this section, survey’s answers are briefly analysed, putting the focus on the main evidences.
This study has successfully examined the determinants of using NFC-enabled smartphones to verify the authenticity
of a bottle of wine.
The finding highlight the importance of compatibility (PC). Compatibility has significant and positive direct influence
on the behavioural intention to use NFC for wine traceability. As reported previously by Hashemi & Soroush (2006),
the survey confirmed that PS is an important factor in NFC adoption, because of the fact that consumers find the
innovation compatible and safe (without any concerns about security). A positive perception of the service improves
its adoption by the final customer.
Another result of the survey is represented by the fact that the Perceived Usefulness (PU) and Perceived Ease Of Use
(PEOU) do not have an implication on the Behaviour Intention to use (BI) NFC. This means that the simplicity of
using the NFC technology in wine traceability is not related to the adoption of this technology by the customer.
Moreover, consumers seems to be more interested on the security of the NFC technology than on its ease of use.
According with many TAM studies, such as Nysveen et al. (2005), Wang et al. (2006) and Kim et al. (2010), the
survey’s results confirmed that the PEOU influences the PU. This means that people that find NFC for wine
traceability easy to use consider this technology more useful. Despite this, the correlation do not implicate a higher
intention to adopt NFC technology.
Perceived Usefulness (PU) and Perceived Ease Of Use (PEOU) are not significant predictors of consumers’ intention
to use NFC. This result is in contrast to prior findings in literature regarding the prediction of NFC technology (i.e.
Yang et al. 2012; Kim et al. 2010). Plausible reasons for the findings might be that the users’ expectations are that
using NFC to verify the authenticity is not useful, but must be done nevertheless, and in safe and secure way. A
positive relation between CON and both PU and PEOU has been found, reflecting that the convenience of using NFC
improves consumers’ perceived ease of use and usefulness for wine traceability. As a conclusion, the survey’s results
show that only PS and PC positive influence the intention of NFC adoption, whilst a major number of positive
relationship was expected by the authors.

6. Conclusion

This paper presented the results of a survey investigating customer acceptance in using NFC technology as anticounterfeiting tool. The determinants of NFC-enabled traceability tools adoption have been successfully examined
using an extension of the TAM model. The findings reveal that only PS and PC have a positive correlation with BI.
The findings are substantial and important because they are related to the application of the NFC technology into a
growing economy (the wine industry) and it represents the first contribution in the literature for the field.
Further research could be addressed in enhancing the sample (i.e. an international population could lead to different
results) or in repeating the results when the NFC diffusion in the wine industry as a traceability tool will be more
diffused.
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Abstract
RFID technology based applications have been attracted in R&D improvements and useful in real world cases in
diversified areas such as logistics, supply chain management, warehouse management, health care operations etc.
Although RFID implementation related papers have been published in these diversified areas, publications are focused
to discuss the sub configuration fields including system design, development and deployment independently.
Therefore, this paper presents a comprehensive and integrated roadmap for RFID implementation including three
phases: RFID design, configuration and deployment. In order to validate the proposed methodology, a case study is
explained in terms of tracing and tracking work in process (WIP) items throughout the manufacturing processes
involving from WIP warehouse to finished good product for denim product production industry in which any studies
about RFID applications have not been performed. By utilizing RFID implementation roadmap, RFID based
applications could be able to adopt practically and efficiently for real time tracking of the malfunctions and problems
that are occurred in production processes. Additionally, incorrectness in records that results with intricacies in planning
activities are significantly prevented and this circumstance ensure golden advantages for global competition.
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RFID Implementation, Denim Product Production, Tracing and Tracking System

1. Introduction

RFID technology and related applications have been attracted in R&D improvements and practicable in real world
cases (Üstundag,2008). In the simplest term, radio frequency identification (RFID) based systems have been applied
in many different areas but especially utilized in logistics and supply chain management systems for identification,
tracing and tracking (Lim et al., 2013). These conveniences provide monitoring the system with more precise and real
time data in different fields (Ilie-Zudor et al., 2011). For example, in logistics, RFID adopted systems provide
increasing capacity and labor productivity with reducing operational mistakes (Ngai et al., 2008). In parallel to Ngai
et al. (2008), Chu et al. (2008) and Chuan et al. (2007) emphasized the positive affect of RFID technology adaptation
in warehouses. Additionally, Attaran (2007) highlighted the value of RFID technology in supply chain operations.
Besides that, Chao et al. (2007) also indicated the benefits of RFID technologies could be seen in health care operations
and Öztaysi et al. (2008) emphasized that hospitality sector is utilizing the advantages of RFID technology in their
R&D projects to enhance operational productivity to remain ahead of the industry. Other applications could be realized
in different literature reviews such as Ngai et al. (2008), Lim et al. (2013) and Ilie-Zudor et al. (2011).
The most substantial finding concluded from similar existing articles in different areas is that studies dealt with RFID
implementation were generally focused on researching of the sub configuration processes of RFID implementations
and they are also inadequate in explaining development and deployment of the whole tracing and tracking system.
Additionally, limited number of papers deal with deployment of RFID information infrastructure that mainly focused
on separating related stages from capturing data to evaluation the information. This situation indicates the necessity
of the RFID based integrated implementation processes (Kamoun, 2009).
This study presents a comprehensive and integrated roadmap for RFID implementation including three phases: RFID
design, configuration and deployment. In order to validate the proposed methodology, a case study is explained in
terms of tracing and tracking work in process (WIP) items throughout the manufacturing processes involving from
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WIP warehouse to finished good product for denim product production industry in which any studies about RFID
applications have not been performed. By utilizing RFID implementation roadmap, RFID based applications could be
able to adopt practically and efficiently for real time tracking of the malfunctions and problems that are occurred in
production processes. Additionally, incorrectness in records that results with intricacies in planning activities are
significantly prevented and this circumstance ensure golden advantages for global competition.
The remainder of this paper is divided into four parts. Section 2, an integrated approach of the RFID system
development and deployment as a roadmap that guides the reader is explained systematically. Section 3, a RFID based
tracking and tracing system application within SAN-TEZ foundation is clarified which was carried out in denim
product production processes. At the end, reflections extracted from the application are discussed and further
improvements in this application are referred.

2. Proposed Roadmap for Implementation of RFID Project

In this section, we proposed a holistic roadmap that initialize from preparation and planning stage of RFID project,
continues with implementation and deployment operations and finalizes with system maintaining and recruitment
processes. Table1 shows the stages of each phase of the proposed methodology that enables early-detection and
protection of the problems that could be occurred throughout RFID project implementation stages or during the
completed form of RFID based system usage.
In the first phase of the roadmap, generally, the company should gather additional information about RFID projects,
build up their RFID project team and determine project resources such as project budget and required work force.
Consequently, pre-feasibility studies should be progressed and investigate supplementary contributions to the project.
In the following phase, the second phase, as-is state analysis, design and deployment are the three major concepts that
directly affect the overall flow of the RFID implementation project. Data gathering from operations and processenvironment analysis are essential for current situation analysis and besides that, determination of RFID tag selection
criteria, tag alternatives, tag & reader placement and identification of reader-additional hardware are other substantial
points that play a key role for RFID based system’s performance. Additionally, pre-tests scenarios and specification
of reading control points are another demanding steps in terms of the reading performance evaluation. Thereafter,
economic and technical feasibility of RFID investment is required for determining the final decision: We are sure to
carry into execution of RFID based system or not?
In deployment part, RFID based system software that controls information flow to RFID tags to computers and
provides end user- system interaction and pilot application are practiced whether RFID implementation process will
be successfully adapted to the whole system. First of all, pilot study place or process should be carefully defined for
the following procedures- procure essential hardware and RFID project experimental tests. After all pilot tests are
applied, system recruitment should be supplied in order to make corrective actions and dissemination of the proposed
RFID implemented system.
Finally, RFID based system reflections should be carefully observed and evaluated by analyzing end user
interpretations and consequently, problems occurred in the system should be corrected by the contribution and
collaboration of both end users and individual responsible for system implementation.

3. Case Study: A RFID Based Tracing and Tracking System In Denim Industry

This study was supported by SAN-TEZ () under a grant number xxxx and ITU RFID Test Lab facilities were utilized
for the initial RFID tag reading tests. It describes the RFID application which was developed for the Suglobal A.Ş
Company. The Denimvillage is other subsidiaries of Suglobal A.Ş. The company located in Çorlu, Turkey and
currently employs 461 employees in its total 94,417 m2 plant which has 26,420m2 closed production area. The
company produce more than 2,000,000 denim product per year and have 350,000 denim product production capacities
per mounts. Over 50 employees from 461 are contributing to research and development activities which are constantly
ongoing at the company. One of the projects for the research and development team was to improve visibility and
traceability of the work in process goods through the all stages after cutting.
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Table 1: Proposed roadmap: RFID system design, integration and deployment stages (Öner, 2014).
RFID System Design Integration and Deployment

Preparation &
Planning

Stages

Concept











Maintenance and
Recruitment

Development & Deployment









Gain knowledge on RFID technology
Identification of problems
Determination of requirements
Determination of project goals and objectives
Establishment of the project team
Determination of the project boundary (scope-budget)
Provide necessary support to the project
o Pre-feasibility study; Technical, Economic, Organizational
Preparation of the project plan and assignment of resources to the project
As-Is State Analysis
o Data Collection (organizational charts, process diagrams, performance criteria
determination, collection of data related to machinery and labour, equipment and
materials research)
o Site Analysis (Process and environmental analysis)
Design
o Solution proposals and new process development
o Determination of working frequency,
o Determination of tag alternatives,
o Determination of hardware requirements,
o Determination of pre-test scenarios, preparing machinery and performing pre-tests (tag
endurance, reading performance etc.)
o Specifying tag and antenna settlement,
o Assigning convenient hardware (reader, antenna and tag etc.) and software
o Identifying modifications that should be held in processes,
o Specifying reading control points,
o Detailed feasibility study
 Economic feasibility
 Technical feasibility (pre-tests related to hardware and tags)
Verification
o Development of the software,
o Pilot study (Testing the solution)
 Determination of pilot scheme process
 Hardware procurement
 System integration
 Trial runs
 Tests
 System recruitment studies
o Solution implementation and dissemination
Observing end user and customer experiences
Observing processes and problem determination related to the new process and solving the
problems
Comparison of the planned and actual results and determination of the fields that need
developments.

In denim industry, the difficulty of monitoring the complicated processes and inconsistency of records cause high
level of labor costs and low productivity. Moreover, inabilities to prevent the theft, unexplained loss products or
incorrect product delivered to the customer are indirect causes of insufficient tracking and tracing ability. As a result,
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dissatisfaction with the system efficiency of processes and quality of processes are the matters of this industry. Since
these problems were fairly important for the Suglobal A.Ş. as in industry, RFID technologies were considered instead
of existing inadequate barcode system. On the other hand, existing hard production conditions such as mechanical
dashes and frictions appeared in washing, abrasion, high temperatures, and chemical effects are special conditions
seen through the processes. Therefore, utilizing RFID technologies through the denim production processes were
complicated.
In order to examine the proposed methodology that was explained in the previous section, we applied the roadmap in
denim industry where existing inadequate tracing and tracking system in production process causes unreliable
inconsistent records and inefficiency in operations. The aim of the project is to establish a RFID system in order to
solve the difficulties related to tracing, tracking and monitoring WIP goods and errors that occurred in denim product
production processes. Expectation from the desired system is to increase the accuracy, security, efficiency and
visibility in operations by utilizing RFID technology which provides real time tracing and tracking ability.
In the rest of this section, design, integration and deployment of developed RFID System are explained step by step.
3.1 First Phase - Preparation and Planning of the RFID Project
First of all, problem analysis is actualized in order to represent the major and minor issues. It was concluded that the
most important problem is the dissatisfaction provoked by low productivity, unqualified processes and increasing
costs. Besides that, the root causes of these major issues are considered as labor costs, diminishing reputation, lost and
faulty product in consequence of barcode-based system. As a result of the problem analysis specified requirements
could be summarized as:
 Decreasing manual processes such as unnecessary works and balance the workforce
 Increasing accuracy of the data to obtain more efficient operation trough the processes
 Providing the traceability of denim products
 Decreasing proportion of lost product
In order to achieve these requirements, a project team is constituted including midlevel managers. They examined the
current situation and decided to implement RFID based tracing and tracking system. After that, former RFID
implementation projects related to applications in textile production were investigated and the pons and cons of the
RFID implementation project were predicted by utilizing technical, economical and organizational feasibility analysis
results.
3.2 Second Phase - Development and Deployment of the Project
As a first step of this phase, as-is state analysis were conducted. Some essential collected data required for performance
comparison are given below;
 Production capacity per mount: 350,000
 Average production amount of production: 2,000,000
 Lost and faulty product rate: 2%
 Required workforce for counting process in barcode system : 18
Base Performance criteria are determined as below;
 Required workforce for monitoring the denim products in production

Lost and faulty product rate
Selection of RFID tag and reader and selection of the location of reader are critical points of RFID projects. So that,
apart from the data collection and performance criteria determination, a site analyses also was conducted in this phase
in order to determine technical requirements. Essential findings from the site analyses are; requirements of the item
based traceability, bulk reading, high level of reading speed and proportion, endurance to hard production condition
such as mechanical dashes and frictions appeared in washing, abrasion, high temperatures (min.150 °C and 50 min.)
at both wet and dry processes, chemical effects and etc.
Since item based traceability and bulk reading is required, the use of UHF frequency and passive tags are determined.
After conducting pretest such as performance test and endurance test, special tags were chosen from a number of
passive UHF RFID tags alternatives. Figure1 shows one of the designed test setup in which reader was allocated for
supplying both horizontal and vertical movement also change in angle of the reader as well.
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Figure 1: Designed setups to test tags performance and endurances
Denim products are very sensitive to any materials on it through the production process. Considering the test results
and also the fact that denim products are very sensitive to any materials on it, tags were decided to be attached on the
denim product as shown in the figure 2.

Figure 2: RFID tags attached on denim product
Bulk reading performance tests were also conducted in order to see the performance of the RFID system for four
transportation methods used for carrying the denim products in production processes. Figure 3 shows the equipments
which are used for transporting the denim product.

Bag

Pallet

Wheelled Stand

Wheelled Cage

Figure 3: Equipment used for transporting the denim products.
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The result of bulk reading performance tests are given in table 2 below.
Table2: Bulk reading performance test for four types of transporting denim products
Number of Carried Denim Product
Bulk Reading Performance Test
(Reading Duration - Reading Rate % )
400
200
150
100

Transportation
Metod

60

Pallet

15 mins % 95

1,5 mins % 97,5

-

-

-

Wheeled Cage

-

-

1 min % 97

29 secs %100

-

Wheeled Stand

-

-

50 secs % 98

24 secs % 100

-

Bag

-

-

-

-

15 secs %100

According to performances test, transporting with bag, wheeled stand or wheeled cage were identified as suitable
transport methods because of required 100% reading rate.
In order to determine passing points, the most important issue was that the disappearing or striking products within
WIP. As is system has already nine checking point that was determined by considering this issue. Thus the checking
points were decided to be remained same in proposed system. Pretest performance test demonstrated that one
employee for each checking point would be quite adequate to run proposed system properly. Therefore number of
nine employee were determined as a required workforce for the proposed system whereas there are 18 staff working
for the as is system.
Finally, RFID tag IDs were interrelated with production planning information for procuration of full integration
between RFID tags, operational data flow, organizational databases and utilized programs. In this way, monitoring
whole data flow within the WIP and coordination between different functions could be enabled. Some of the essential
points that were considered for the software design were lined up as follows:
 ID assignment to RFID tags,
 Detailed information in order to attach RFID tags,
 Recording item based data to the system
 Data change between entire programs and RFID based ERP program.
 Inspection of the accuracy of the data in both passing points and WIP.
 Extracting reports from related RFID integrated databases.
 Sharing data with other users and authorization of data access.
After the building up the new RFID based tracing and tracking system and renew tracing software with the integration
of currently utilized system, pilot project was implemented accompanied by reading performance tests and making
rearrangements of the designed software. With the execution of reading performance tests, tag selection and reader
allocation processes were rechecked and arranged. Many changes were appeared in the proposed solution in
accordance with performance measurements that were the main indicators of deployment process and critical for the
maintaining of RFID projects. Additionally equipment such as checking point tunnel and table as shown in figure 4
were formed and taken their final version.
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Figure 4: Designed tunnel and table for checking points.
3.3 Third phase - Maintaining RFID based system
Since this is a research and development project, system maintenance and sustainability stage is excluded from this
study and the project is completed by not applying this phase. The company anticipates the recruitment of related
RFID tags for the developed RFID based tracing and tracking system and the company will pursue the deployment
activities in accordance with the collected data gathering from the beginning of the project and feedbacks.

4. Conclusion

In this study, a roadmap for RFID design, configuration and deployment is presented in order to fulfill the gap that is
pointed out from literature reviews and former RFID projects. Additionally, an application is performed for denim
product production industry for validation and reinforcing of the understanding of the proposed RFID implementation
roadmap. Within the application of RFID project implemented in Denim Village, redundant inventory and production
costs, redundant labor costs caused by inefficient warehouse and production operations and non-value added activities,
inadequate control system caused by loss of the products and insufficient traceability and visibility of goods, inefficient
manual processes in work in processes, inaccuracies of records and difficulties in planning activities because of the
inaccurate data and lack of real time data records will be decreased. To sum up, in this study it is clearly demonstrated
that RFID technologies could be implemented to denim industry and validation of the proposed RFID implementation
roadmap is provided by the successfully designed and implemented RFID application in Denim Village.
For future studies, investigation of the RFID applications’ economic feasibility would be considered with real data
extracted from the applied RFID system.
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Abstract
The main objective of this research is to conduct a scientometric analysis on energy management literature. The data
were gathered from the Web of Science database. “Energy Management” was used as a keyword to perform the
research, and the research was done only based on topics and titles to eliminate the papers not in focus. Without
narrowing down the time bounds, it is found that a total of 4802 publications related to energy management have been
published till date. Though there have been ups and downs in publications according to publication year, the annual
number of publications increased from 1 in 1971 to 719 in 2014. Patents and meetings were the most popular
documentation types, whereas correction and books were the rare ones. Overall, 97% of publications were written in
English and the United States was found to be the most productive country. By means of source titles, there was a
wide range of alternatives, and the most used source title was energy conversion and management. Furthermore, it has
been seen that the engineering area was the first and energy fuels were the second trendy area.
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Energy management, scientometric, publication trends, bibliometric studies

1. Introduction

Energy is one of the indispensable needs for fulfilling different purposes in daily lives. An increasing demand for
energy by faster economic growth and shortages of energy resources prompt researchers to implement energy
management practices with regard to the systems. According to Abdelaziz et. al. (2011), “energy management” means
the strategy of meeting at the right place at the right time with an energy demand. Capehart et al. (2005, p. 1) defines
“energy management” as the process of using energy in an efficient and effective way to maximize profits while
increasing competitiveness. Thollander and Ottosson express energy management as the means by which barriers to
energy efficiency could be overcome (2010). Energy management practices focus on increasing energy efficiency
(Backlund et. al, 2012). There are examples of some energy management countrywide studies such as by
Christoffersen et. al in Denmark (2006), Thollander and Ottosson in Sweden (2010), Ates and Durakbasa in Turkey
(2012), and Sivill et. al in Finland (2013). It is found that barriers prevent implementation of energy efficiency
measurements from not being accomplished (Backlund et. al, 2012). These barriers can be economic, behavioral, and
organizational (Palm & Thollander, 2010). There also drivers to adopt energy conversation measures, and a few
studies address these drivers (Thollander & Ottosson, 2008), (Ates & Durakbasa, 2012), (Venmans, 2014).
Moreover, energy management is a management system by nature. The International Organizations for Standards
published a standard for energy management systems as ISO-50001 (The International Organizations for Standards,
2011). The main objective of this standard is to provide a framework to organizations to use energy more efficiently
and to be more capable of knowing the organizations’ situations related to energy management. Thus, organizations
will be able to develop by using the data and measuring the information. In addition, in the literature, apart from
international standards, maturity models were studied. Although serving organizations to accomplish the same goal
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as international standards, maturity models also provide an implementation map to organizations (Antures et. al,
2014). This scientometric study might shed light on the tendencies of energy management literature since different
aspects and various kinds of concepts are being searched under the name of this literature. In the second section, how
the data are gathered and which methodology is followed are discussed. The third section covers the findings, and,
finally, in the last chapter, results are concluded and discussed.

2. Data and Methodology

The data were collected from the Web of Science database. The databases that the Web of Science covered at the time
were the Web of Science TM Core Collection, Derwent Innovation Index, KCI-Korean Journal Database, and SciELO
Citation Index. “Energy Management” was the keyword used to apply this research, and our main criterion was to
conduct a search according to topic and title. It has seen that without inserting quotation marks while writing energy
management in the title criteria search engine, some of the publications found were out of focus. Thus, the research
was conducted by using these word groups: energy management in topic search engine and “energy management” in
title search engine. All the publications till date were gathered, and it was found that 4802 ones were published. Filters
supported by the Web of Science were used to perform classification of the publications. The chosen filters were
publication year, countries, language, document types, source title, and research areas. Excel was used to analyze the
distributions and draw graphs.

3. Results
3.1. Publication Years
Totally, 4802 publications were found from 1971 to 2015. While doing the research, any time bounds are not
determined. After refining publications according to publishing year, it is seen that 1971 was the year of the first
publication related to energy management. Figure 1 shows the chronological order of the publications, and Table 1
shows the most productive years. As seen from Table 1, the most productive year is 2013 with 809 publications. By
the year 2011, trends in publications started increasing and the most productive years were 2013, 2014, 2012, and
2011. Since this research has been conducted at the beginning of March 2015, so far, 76 publications have been
published in 2015. It is too early to comment on the tendency of the general situation of energy management in 2015.
By the end of this year, it will be proper and appropriate to make an interpretation about the trend of the topic. 73%
of the publications are published in the most productive 10 years; in the remaining years, only 27% of publications
are published.
900
Number of Publications

800
700
600
500
400
300
200
100

0
Years
Figure 3: Chronological distribution of publications
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3.2. Languages and Countries
The Web of Science offers top 100 items in the selected section while refining results. It is found that only 14 different
languages are used in the publications related to energy management. The list of these languages is shown in Table 2.
Overall, 96.75% of the publications are written in English whereas German is the second with 1.52% and Russian is
the least with 0.02%. It is seen that English is the most popular language in the energy management literature.
Table 5: The most productive years
The most
productive 10
years

Number of
publications

% Share in
publications

2013

809

16,8%

2014

719

15,0%

2012

635

13,2%

2011

362

7,5%

2009

235

4,9%

2010

231

4,8%

2008

161

3,4%

2007

153

3,2%

2005

116

2,4%

2003

106

2,2%

Table 6: Language distribution of publications
Rank
1
2
3
4
5
6
7
8
9
10
11
12
13
14

Languages
used in
publications
English
German
Korean
Polish
French
Chinese
Spanish
Portuguese
Swedish
Japanese
Italian
Hungarian
Czech
Russian

Number of
publications

% Share in
publications

4646
73
38
10
9
8
3
3
3
2
2
2
2
1

96.75%
1.52%
0.79%
0.21%
0.19%
0.17%
0.06%
0.06%
0.06%
0.04%
0.04%
0.04%
0.04%
0.02%

When refining the results in means of countries, it is seen that diversification is greater than languages. The top 100
countries are found in the Web of Science. The United States is the most productive country with 673 publications,
and the People’s Republic of China is second with 257 publications. Figure 2 shows the geographical distribution of
the 10 most productive countries.
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Figure 4: Number of publications by the most productive 10 countries
There are interesting statistics to be noted that the People’s Republic of China produced 257 publications: only 8
publications were in Chinese, and the rest were in English. In other words, 0.03% of the publications published in
China are written in Chinese. Furthermore, in France, 136 publications are published, but only 4 of these publications
are written in French..Moreover, in Germany, 119 publications are published and only 31 of the publications are in
German, although there are totally 73 publications in German around the world.
3.3 Research Areas
Rank

Table 7: The distribution of top 10 research areas
Top 10 research area

Number of
publications

% share in
publications

1

Engineering

1652

34,4%

2

Energy Fuels

654

13,6%

3

Computer Science

494

10,3%

4

Automation Control Systems

273

5,7%

5

Telecommunications

200

4,2%

6

Thermodynamics

151

3,1%

7

Transportation

122

2,5%

8

Construction Building Technology

113

2,4%

9

Environmental Sciences Ecology

112

2,3%

10

Material Science

111

2,3%

Since energy management is an interdisciplinary subject, there is a great diversity in the research areas. According to
the Web of Science databases, there are more than a hundred different research topics. Table 3 shows the top 10
research areas. Engineering is the first by covering 34.4% with 1652 publications; energy fuels is the second with 654
publications; and computer science is the third with 494 publications. It is seen that the top 10 research areas cover
80.8% (3852) of all the publications, whereas the top 3 research areas cover 58.3% (2800) of them.
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3.4. Document Types
Only ten types of documents are related to energy management literature. Patents are the most frequent document type
with 2132 publications and are followed by meetings (1266; 26.36%), articles (1200; 24.99%), editorials (85; 1.77%),
reviews (52; 1.08%), abstracts (41; 0.85%), news (19; 0.40%), letters (5; 0.10%), corrections (1; 0.02%), and books
(1; 0.02%). Figure 3 represents the fact that the three most frequently used document types have a big share among
all other document types.
Others
4,25%
Article
24,99%

Patent
44,40%

Meetin
g
26,36%

Figure 5: Document types distributions of publications
3.5 Source Title
The reflection of wide diversification of research areas is seen in the distribution of sources. More than a hundred
different sources are used to publish these publications. Energy Conversion and Management is the top source with
50 publications, and its share is 1.04% among all the sources. In addition, Applied Energy is the second with 47
publications and IEEE Transactions on Power Systems is the third with 41 publications. Apart from the first source,
the other sources in the top 10 list have a share less than 1%. These statistics show how the shares are distributed in
small amounts. The top 10 source titles have only 7.77% of the whole of the publications.
Table 8: The distribution of top 10 source titles
Rank

Top 10 source titles

Number of
publications

% share in
publication

1

Energy Conversion and Management

50

1.04%

2

Applied Energy

47

0.98%

3

IEEE Transactions on Power Systems

41

0.85%

4

IEEE Transactions on Smart Grid

37

0.77%

5

Proceedings of The American Control Conference

33

0.69%

6

IEEE Industrial Electronics Society

30

0.62%

7

Energy Engineering

28

0.58%

8

VDI Berichte

28

0.58%

9

IEEE Transactions on Vehicular Technology

27

0.56%

10

Energy

27

0.56%

4. Discussion and Conclusion

This study is focused on the publications trend in the Energy Management subject. The Web of Science is used as a
tool to collect the publications related to energy management till date. The main aim of this study was to do a
scientometric analysis of energy management publications. To accomplish this aim, energy management is searched
in the Web of Science search engine in topics and in titles with apostrophes simultaneously. Totally, 4802 publications
were accumulated. Furthermore, publications were examined under these topics: publication years, countries,
languages, research areas, document types, and source titles.
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The first publication related to the energy management subject was published in 1971, and the year 2013 was the
golden year of publications. It was found that totally 14 different languages were used in publications. The most used
languages are English, German, and Korean, respectively. Moreover, the most productive country was found to be the
United States with 673 publications and followed by the People’s Republic of China and France. More than a hundred
types of research areas were used. Furthermore, the most popular area of research was engineering with 34.4% and
followed by Energy Fuels with 13.6% of all publications. Document types were divided into ten different groups, and
patents had the greatest share with 44.40% of whole publications. According to source title classification, it was found
that there was no well-accepted source and the top source title had only 1.04% share of all publications.
This study also has limitations. As mentioned earlier, the Web of Science was used to do the scientometric analysis.
Thus, only the Web of Science databases that were covered were included in this research. For further research, to do
an analysis, other databases can also be covered. This research was also held at the beginning of March 2015. Some
of the publications during 2015 could be included in the analysis; at the end of 2015, this analysis can be done again
and the whole picture can be seen again. In addition, publication trends in different subject areas can be examined, for
instance, publication trends of energy management in industrial engineering or in electrical engineering.
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Abstract
The film and television industry is a high-risk industry. It is uncertain if the investment on film and television
product can obtain the desired return. So now it has become a consensus that researchers can improve the
effectiveness of rating and market forecasting through web data mining and data analysis. For fulfill this research,
researcher need to collect the log data of film and video program searching, click and play. It is also necessary to
collect web article on program reviews, market positioning film and TV drama, subject categories, and audience
study, etc. The data resources mainly include of social networking sites, video sites, forums and other sites. The
research object focuses on forming video searching index through the film-related data collecting, data warehouse
constructing, data mining with particular algorithm. The searching index will be the references for script writing, cast
choosing, film and TV drama releasing and copyright trading that can be used by the administrations, film and TV
companies and other organizations. This paper presents a practical solution of analytic framework, data
mining algorithms and image display for film and TV data. Two subjects are included: (1) web page crawling and data
warehouse constructing; (2) data mining of film and TV drama. That can be divide into five steps: (1) web
page crawling and storing as text format data; (2) data cleansing; (3) storing data in data warehouse; (4) data mining
with particular algorithms and (5) displaying searching index visually and push it to mobile APP users.

Keywords

Film and TV drama, web data, big data, data management, data mining

1. Introduction

The film and television industry is a high-risk industry. It is uncertain if the investment on film and television
product can obtain the desired return. So now it has become a consensus that researchers can improve the
effectiveness of rating and market forecasting through web data mining and data analysis.
It has become a new habit that audience share their movie watching experience through social networks and movie
rating website. So researches can analyze the group psychology of the audience and obtain the audience's viewing
preferences by gathering such data of audience watch behavior. Thus film and television production that meet
audience’s requirement can be provided before they raise their demand. It can also reduce the risk of investments in
film and television production and improve the profitability of the whole industry through audience preferences
predicted beforehand (Che , Y, 2013) .
Acquisition, analysis and utilization of big data can help film and TV industry realize the object of more accurate user
positioning and market segment in order to produce high quality products which will satisfy the tastes of audiences.
It will also discover a new approach to provide user service and experience based on differentiation. The ability of
data management and data mining will become the core competitive power of film and TV enterprise.

2. Big Data Technology and Its Application in the Film and Television Industry
2. 1 Big Data Technology
Big data is a kind of data that the size, velocity of increase and treatment difficulties beyond the data that can be
managed, processed and analyzed with current conventional technology（Gu, J.Z., 2014）.
Big data has characteristics of 4V: (1) Volume (large capacity); (2) Velocity (high speed of movement); (3) Variety
(diversity): It can be divided into structured data, semi-structured data and unstructured data; (4) Value (low value
density).
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2.2 Big Data Technology Applications in Film and TV Industry
The typical case of big data application in the film and television industry that is mostly mentioned in China is “House
of Cards”, the United States television drama. Netflix, the producer of “House of Cards” and a network video rentals
business, studied users’ preferences through analyzing the big data of the behavior records of online users’ watching
videos, video rating, video search requests and other accumulated user data. Netflix used this researching result as a
basis for selecting directors, actors and even determining the plot developing options. It ensured Netflix producing a
popular TV series successfully (Wang, Q., 2014) .
Only in 2013, Netflix has video watching data of more than 36,000,000 users, including 4 billion hours of programs
watched by users through over 1000 kind of different devices every quarter, more than 30 million user operating data
generated on the sites every day. This origin data are recorded for help network operator analyze users and recommend
programs for different users (Li, F., 2013).
User rate movies from 1 to 5 on their personalized webpage with recommend engine. Netflix gathers these rating data
in a large data set that has more than 3 billion rating data. Big data analytics can be used to identify the possible rating
made by the audience who has similar tastes.(Jiang, N., Lei, P., 2013).
The other Case is MovieLens Data Sets that is collected and released by the GroupLens research group of the
University of Minnesota. The data set includes the data of 10,681 movies, 71567 users and more than 10 million user’s
movie rating records.
Jin-Cheon Na and working partners investigated the characteristics and differences in sentiment expression in movie
review documents from four online opinion genres – blog postings, discussion board threads, user reviews, and critic
reviews (Jin-Cheon Na et al. 2010).
Using big data analysis，Fan Zhizhong and Tang Zhuyong analyzed of the characteristics of film market, produce
and audience of 2014 in China(Fan, Z.Z., Tang, Z.Y.,2015).With the same method, Zhao Yu Study the general
situation of TV market in China. He also put forward the characteristics of TV series of 2014 in China, such as channel
aggregation, channel socialization and the industry chain extension around copyrighted content (Zhao, Y., 2014).

3. Concept and Types of Big Data of Online Film and TV
3. 1 Concept of Big Data of Online Film and TV
Big Data of Online Film and TV refer to the huge amounts of data generated in the process of creation, production,
dissemination and appreciation on websites as an information platform. It is also a generic term of technology and
system to store, process and display the big data (Dai, Z.Q., Zhu, H. P., Pan, H., 2014).
3.2 Function of Big Data of Online Film and TV
The management and analysis of big data of online film and TV mainly focus on collecting diary data of film and TV
searching, clicking and playing, and those big data on social networking sites (e.g. Twitter, Weibo ), videos website
and BBS that study on the reviews, market positioning, subject trend and audience groups research of film and TV
dramas.
Big Data Mining can form film and TV index through a comprehensive process that includes film and TV-related data
collection, data warehouse construction and data analysis. The index can providing reference for the relevant
government , film and TV companies and other organizations in the aspects of casting, script writing, film release,
drama copyright trading and marketing , etc..
It also can find some potential links among the creators, dramas and audiences of film and TV through big data mining.
3.3 Types of Big Data of Online Film and TV
The main types of big data of online film and TV include the following: big data of audience, big data of content and
big data of channel.
(1) Big data of audience
It refers to the data that is relevant to the audience who view film and TV online or offline. It mainly includes basic
personal information of registered members in cinemas and registered members on video websites, such as age,
gender, occupation. It also includes the comments information associated with the film and TV that user post or reposts
through social network such as blogs, micro-blogs, micro-chat and other user information, as well as the behavior
information that user view video and so on.
(2) Big data of content
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It refers to the information that is relevant to film and TV which is stored in digital form. That includes the content
information of plot, audio-visual artistic expression, technology structure , as well as the information of film and TV
creators, award-winning.
(3) Big data of channel
Channel is the bridge that links film and TV works and audience. The big data of channel includes the information of
issuing companies, television stations, cinemas and video websites, and so on (Dai, Z.Q., Zhu, H. P., Pan, H., 2014).

4 General Managing and Mining Procedure of Big Data of Online Film and TV

The general managing and mining procedure of big data of online film and TV can be showed as the follow figure:
Establish a Framework for Analysis
of Film and Television Data

Webpage Capture and Storage

Data cleaning

Index Database Constructing

Data Mining and Analysis

Display Analysis Results
on Webpage or Push to User
by Mobile phone APP

Figure: general managing and mining procedure of big data of online film and TV
4.1 Establish a Framework for Analysis of Film and Television Data
To establish a framework for analysis of film and television data, we need to consider the following information: (1)
Basic property Data of user on social network websites, including: user name, gender, geographic location,
description, and created time, number of online friends, etc.. (2) Data of online friends relationship.(3) Data of user
groups. The various groups is based on existing relationship or common interest. (4) Non-structure data. That includes
that review and comment data which user update at all times. It also includes pictures, audio and video information
posted by user (Yi, C. Q., Bao, Y.Y., Xue, Y.B., 2014).
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4.2 Webpage Capture and Storage
Capture webpage related to the subject of film and TV on Internet with a web spider tool and store the pages in local
server.
Webpage capture can be divided into two categories according the subject of webpage: (1) Webpage capture based
on the content. It needs establishing a word list of film and TV drama subject at first. (2) Webpage capture based on
the URL address. It is based on the chosen website that is related to film and TV drama and referential relationship
between web pages.
The key crawl technology: (1) Get web pages with multi-threading page crawling technology. (2) Exclude errors
pages that are not related to the subject with redundant fault-tolerant technology for improving accuracy ratio. (3)
Ensure to complete the crawl task with the multi-server task balancing technique.
4.3 Data cleaning
Data need to be processed in order to ensure the data’s accuracy, completeness, consistency, uniqueness, timeliness
and validity. (1) Fill missing data with default values if it is need to fill.(2) Eliminate abnormal in order to prevent
interference.(3) Smooth noise data.(4) All data need to be normalized.
4.4 Index Database Constructing
Analyze web page with indexing system program to extract the relevant web page information, including: URL of
webpage, encoding type, keywords in the page content, location of keywords on web pages, creating time and size of
pages, link relationship with other web pages. The keyword relevancy of each single web page with content data on it
as well as the web page with hyperlink pages can be counted with relevancy algorithms. Than an index database of
web page will be constructed according to this information.
4.5 Data Mining and Analysis
Various elements will be processed in the film and TV big data mining and analysis.
For example, audience viewing data mining will include following three steps: (1) Input original data and clean the
data to ensure the integrity and reasonable of the original data.(2) Combine the purified viewing data with the
relevancy video background database and video database to create a more comprehensive view rating database.(3)
On the basis of weighted variables such as gender, age, the original data in the view rating database were counted and
variety of rating index will be produced.
4.6 Display Analysis Results on Webpage or Push to User by Mobile phone APP
The results of film and TV data mining will be display visually. Visualized data will be displayed on webpage or be
pushed to user by mobile phone APP.

5. Solved the Problem of Big Data Collection and Analysis through University-Enterprise
Cooperation

To lead the movie industry, Management College of Beijing Union University and Chiwen Media Group co-operate
to establish "Institute of Cultural and Creative Industries Research" and" Big Data Center of Film and TV Industry ".
Chiwen Media Group, as China's most powerful and influential film and TV drama production company, has been
become a large media corporation that focus on the production and distribution of TV series, movies and animation.
It has chosen international routes as the development direction.
Chiwen Media Group wish to adopt big data mining as tool to analyze view rating, market share of film, audience
review, video search frequency of evaluation index analysis, and form film and TV index.
Considering that it is lack of manpower and hardware environment, Ciwen Media Group builds a strategy cooperation
relationship with Beijing Union University build strategy cooperation relationship. Both cooperation parties carried
out three research projects: (1) Film and TV Industry Database Building and Data Analysis; (2) Research on Big Data
of New Media; (3) Research on Big Data Mining and Algorithm research. These projects focus on algorithm
optimization, data capture, data cleaning and data mining in the field of film and TV industry.
Due to the difference between the university and cooperation, both cooperation parties face some managerial issues
that must be solved, such as student and teacher organization, resource use and integration of distributed data that are
captured on websites. For example, distributed intelligent agent technology will be adopted in the field of big data
analysis and mining.
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6. Conclusion

In the era when media information is used as data, as a core technology of information acquisition and application,
the big data of film and TV television become a resources and production elements. It will have profound effects on
film and TV drama production and development trends in future. Media enterprises must adapted this new way of film
and TV drama production and become the big data user who can benefit from the data resources.
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Abstract
In this study intellectual capital performance of Turkish manufacturing sector and its sub industries have been
measured using VAIC (Value added intellectual coefficient) for the period 2003-2013. Financial and market
performance levels of the sub industries have also been examined. Sub industries of manufacturing sector were
determined according to the sub indexes under Borsa Istanbul’s industrial index. To conduct the analysis three
financial performance indicators (ROA, ROE and ATO), and one market performance indicator, market to book value
ratio (MB), were chosen. According to our results, in terms of intellectual capital efficiency and performance
variables’ mean scores, while the most successful industry in manufacturing sector is “Metal products, machinery”
industry, the least successful ones are “Basic metal” and “Wood, paper, printing” industries. It has been found that in
“Chemicals, petroleum, plastic”, “Metal products, machinery” and “Textile, leather” industries structural capital plays
a more important role in value creation compared to other industries. Another finding is that compared to HCE and
SCE, mean CEE scores of industries’ show lower variability. This result insinuates that any variability among
industries’ financial and market performance is more likely a result of how efficient an industry uses its intellectual
capital, compared to how efficiently its financial capital is used. In addition to that, industries’ highest and lowest
ranking patterns for certain intellectual capital variables and performance variables, profitability especially, coincide
substantially. Compared to ROA and ROE, the similarities with intellectual capital variables in terms of ranking
patterns are relatively low for ATO and MB, indicating that there might be a stronger relationship between intellectual
capital efficiency and profitability compared to ones between intellectual capital efficiency and productivity and
market performance.

Keywords

Intellectual capital, firm performance, VAIC, Turkish manufacturing industry

1. Introduction

In terms of improving and/or sustaining the competitiveness and performance of corporations, the power of knowledge
is incontrovertible (Chen & Huang, 2009). Each company’s distinctive knowledge, abilities, values and methods
indicate its competitive capacity and performance level as well as its market value. These assets that are not reflected
on the financial statements of the firms, are called intellectual capital (IC) (Bontis, 1998). In modern economies,
intellectual capital is regarded as an asset that carries the same value as firms’ physical capital and in fact, in certain
industries it becomes the most valuable asset. To produce high valued products and/or to offer high valued services,
companies should increase their investments in intellectual capital and emphasize its efficient usage (Chang, 2007;
Wang, 2006). In this case, it might be expected that the efficient use of firms’ intellectual capital and firm performance
would be directly interrelated (Tan et al., 2008). In other words, the firms that are successful regarding their financial
and market performance are also expected to be highly competent in terms of utilizing their intellectual capital. The
value of a company depends also on the intellectual capital it has (Clarke et al., 2011).
A strong manufacturing industry plays an important role in terms of preserving the sustainability of economic structure
and increasing foreign investment. For the last 20 year, there has been a transition in the manufacturing sector from
labour intensive, conventional manufacturing to knowledge intensive, high value added, innovative manufacturing
aspect. Despite this transition, industries, which have the highest share in the Turkish manufacturing sector’s export,
are still considered as low- / medium technology intensive industries (Kucukkiremitci, 2011). In accordance with this
situation, Turkish manufacturing industries have lower competitiveness levels compared to other countries’
manufacturing industries (Ministry of Science, Industry & Technology, 2010). To enhance the development of
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technology intensive products and competitiveness, there is a clear need for reinforcement of innovativeness and
increasing investments in R&D. As it is widely accepted in the literature that a firm’s innovation ability is more related
to its intangible assets than its physical and financial assets (Cabello-Medina et al., 2011), achieving high levels of
innovativeness is only possible by recognizing the importance of intangible assests, namely intellectual capital, in
regards to industrial operations and firm performance.
The efficient use of the intellectual capital is based on the efficient management of this asset. In this case, firms
undoubtedly require using certain methodologies in order to determine and measure the use of intellectual capital. To
this end, various methodologies are developed in the literature (Chan, 2009a). Being one of these techniques, VAIC
(Value added intellectual coefficient) developed by Pulic in 1998, is a standardized and logical intellectual capital
efficiency measuring method, which also renders it possible to compare firms with each other (Shiu, 2006a).
The aim of this study is to exhibit the intellectual capital and financial / market performance of Turkish manufacturing
sector and its sub industries for the period 2003-2013. VAIC method will be used to determine the intellectual capital
efficiency of the sector. By exhibiting the present situation of intellectual capital efficiency of the sector, results are
expected to serve policy makers and manufacturing firm managers as a starting point to build upon to reach higher
performance levels.

2. Intellectual Capital and its Components

Even though there seems to be a consensus on intellectual capital’s positive effects on firms’ performance and
competitiveness, there is not any universally accepted definition for this concept in the literature. Still, intellectual
capital can be identified as intangible assets which can be converted into profit, but are not reflected on firms’ financial
reports (Bontis, 1998). This description encompasses a vast area ranging from obtaining knowledge to the ability of
using that knowledge and skills (Chang & Hsieh, 2011). The most evident indicator of the intellectual capital, which
is intangible by the course of its nature, is the difference between the market value and book value of a firm (Maditinos
et al., 2011). This difference is the economical value of the intangible capital. Although there are various classifications
in the literature regarding the components of intellectual capital, most of the classifications overlap on three distinct
descriptions. So, it has been generally accepted that the intellectual capital is composed of three components; human
capital, structural capital and relational/customer capital.
Human capital can be described as the sum of all knowledge, skills, abilities, expertise and experiences of people
working in an organization, which can be used to achieve the goals of the firm (Ngah & Ibrahim, 2009; Stewart, 1997).
Human capital is the kind of knowledge that is implicit by its nature. Dimensions of human capital on personal basis
also include leadership, education, creativity, expertise, motivation, entrepreneurship, risk awareness as well as
problem solving abilities. Although human capital can be regarded as an asset depending substantially on personal
attributes, it is mentioned in the literature that the abilities and knowledge gained by the synergistic effect originating
from employee teams or networks are also included in the definition of human capital (Swart, 2006). Since it includes
creativity, human capital is often mentioned in the literature as the primary source of innovation (Cabello-Medina et
al., 2011; Marti, 2001; Ngah & Ibrahim, 2009).
Structural capital, which can be defined as the knowledge that stays at firm after employees go home, mainly refers
to “non-human stocks of codified knowledge in an organization” (Ferreira & Martinez, 2011; Roos et al., 2001).
Structural capital constitutes the infrastructure, which is required by the human capital to create value added. By means
of this infrastructure, the knowledge residing in the firm can be used, shared and transferred in and outside the firm
(Hoscanoglu, 2010). In other words, structural capital is the sum of all structures, procedures, routines and cultural
aspects that enable the knowledge and practice generated by human capital to be compiled, arranged, enhanced and
spread throughout the firm and even to be transformed into intellectual property of the firm (Bontis, 1998; Gates &
Langevin, 2010). Firms do not really own human capital, however, although structural capital is not reflected on the
balance sheet, it completely belongs to firms (Ngah & Ibrahim, 2009). Structural capital includes processes,
constructions, systems, brands and even culture, vision and values owned by a company (Riahi-Belkaoui, 2003).
Relational capital refers to the sum of existing and potential resources that are either originated from individual and/or
organizational relation networks or acquired through these networks (Cabello-Medina et al., 2011). Relational capital
plays an important role in terms of determining and directing firm’s relation with its environment (Bozbura, 2004). In
this definition ‘environment’ mainly refers to firm’s clients, stakeholders, opponents and society, however among all
of them relationships with customers are considered as the most important one (Bontis, 1998; Bozbura, 2004). In line
with this argument, some studies tend to use customer capital instead of relational capital as one of the three
components of intellectual capital (Ferreira & Martinez, 2011).
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3. Methodology

In this study VAIC method has been used to determine the intellectual capital efficiency in Turkish manufacturing
sector and in its sub industries. After observations with negative value added scores were excluded, 400 firmXyear
observations belonging to firms operating in seven sub industries of Turkish manufacturing sector has been used in
the analysis. All the firms were listed in Istanbul Stock Exchange between years 2003 and 2013. Sub industries of
manufacturing sector are determined according to the sub indexes under Borsa Istanbul’s industrial index. These sub
industries are: Food, beverage; Chemicals, petroleum, plastic; Basic metal; Metal products, machinery; Wood, paper,
printing; Non-metal mining products; Textile, leather. Data were collected from the unconsolidated annual financial
reports of the firms for the relevant years. Since consolidated annual reports provide aggregated data for the financial
state of the firm and other subsidiaries, which might be operating in other sectors, quoted manufacturing firms with
consolidated annual reports were excluded from the analysis to focus only on the manufacturing sector.
3.1 Measures of intellectual capital performance using VAIC
VAIC methodology was proposed by Pulic (1998) as a tool to measure physical capital and intellectual capital
efficiency. In the VAIC methodology, Pulic adopted the intellectual capital classification proposed by Edvinsson and
Malone (1997), which suggests that intellectual capital is composed of human capital and structural capital. In this
classification relational capital is considered as part of the structural capital.
VAIC methodology focuses on how much value added is created by the capital employed and intellectual capital
owned by the firm. The aim is to ‘create as much value added as possible with a given amount of financial and
intellectual capital’(Pulic, 2000). Since the data needed for the calculations are financial data from the financial reports
available to the public, objectivity and ease of data gathering are advantages of this methodology. According to Pulic
(1998), VAIC has three components: human capital efficiency (HCE), structural capital efficiency (SCE), and capital
employed efficiency (CEE). VAIC score is the sum of these three components.
VAIC = HCE + SCE + CEE
To be able to calculate these components and to reveal how efficiently the firm creates value added, value added (VA)
should be calculated first. It is defined as follows (Chang, 2007), where labor expenses are not considered as costs but
considered as an investment for the firm (Pulic, 2000):
VA = Gross Margin – Sales General Administrative Expenses + Labor Expenses
CEE is the ratio of total VA divided by the total amount of capital employed (CE). CE of a firm is the book value of
its net assets. CEE is defined as:
CEE = VA / CE
HCE is the ratio of total VA divided by the total salary and wages spent by the firm on its employees (HC). HCE
shows how much VA created by a unit of money is spent on employees (Tan et al., 2007). HCE is defined as:
HCE = VA / HC
SCE is the ratio of structural capital (SC) divided by total VA. The structural capital includes proprietary software
systems, distribution networks, supply chains, brand, organization management process, and customer loyalty (Goh,
2005; Tan et al., 2008). The structural capital is the difference between a company’s total value added and its human
capital. The calculation of SC and SCE can be defined as follows:
SC = VA - HC
SCE = SC / VA
According to Pulic (2000) SCE is “calculated differently due to the fact that HC and SC are in reverse proportion”.
He advocates that industries with high human capital would have lower structural capital involved in value creation
and vice versa (Pulic, 2000).
3.2 Measures of firm performance
To conduct the analysis three financial performance indicators, return on assets (ROA), return on equity (ROE) and
assets turnover ratio (ATO) namely, and one market performance indicator, market to book value ratio (MB), were
chosen. These are the most frequently used firm performance indicators in the VAIC literature we have reviewed.
Several studies in the literature found out there are associations between VAIC and/or its components and MB (e.g.
Chen et al., 2005; Firer and Williams, 2003; Shiu, 2006a), ROA (e.g. Chang, 2007; Rahman, 2012; Clarke et al., 2011),
ROE (e.g. Chang, 2007; Clarke et al., 2011), and ATO (e.g. Chan, 2009b; Firer and Williams, 2003; Kamath, 2008).
ROA is the ratio of net income to book value of total assets (Chang and Hsieh, 2011).
ROE is the ratio of net income to total shareholders’ equity (Chan, 2009b).
ATO is the ratio of total revenue to book value of total assets (Pal and Soriya, 2012).
MB is the ratio of market value to book value (Pal and Soriya, 2012).
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Table 9: Abbreviations and their description

Abbreviation
HCE
SCE
CEE
VA
CE
HC
SC
VAIC
ROA
ATO
ROE
MB

Description
Human capital efficiency
Structural capital efficiency
Capital employed efficiency
The sum of value added
Total amount of capital employed
Total amount of human capital
Total amount of structural capital
Value added intellectual coefficient
Return on assets
Assets turnover ratio
Return on equity
Market-to-book value ratio

4. Results

Descriptive statistics results for manufacturing sector and its sub-industries are given in Table 2 - 9. Lower number of
observations for the performance variable MB is due to some years’ missing values regarding the shares’ market price.
According to the manufacturing sector results given in Table 2, all variables have positive mean values, indicating
that manufacturing sector has positive performance and positive intellectual capital efficiency levels on average.
However, given the standard deviation and minimum and maximum values presented in Table 2, it can be said that
there is notably high variability in the data. Compared to other efficiency values, standard deviation of CEE values
are relatively low. For performance variables, MB has the highest standard deviation of 5.56.
Table 2: Descriptive statistics of variables for manufacturing sector

Variable
HCE
SCE
CEE
VAIC
ROA
ATO
ROE
MB

Observation
400
400
400
400
400
400
400
382

Mean
1.934639
0.0516845
0.3428437
2.329167
0.063841
1.073786
0.0558252
2.457669

Std. Dev.
1.733795
1.541822
0.3422331
2.744724
0.0932305
0.4953789
0.333991
5.559163

Min
0.0441151
-21.66798
-2.662161
-21.61726
-0.1951593
0.2409649
-4.271128
-8.163502

Max
14.0605
0.9288788
2.509054
15.33483
0.5775651
5.464789
1.16883
73.02103

As seen in the Tables, industries with highest HCE scores are “Non-metal mining products”, “Chemicals, petroleum,
plastic” and “Metal products, machinery” industries, respectively. The top three industries for SCE are “Chemicals,
petroleum, plastic”, “Metal products, machinery” and “Textile, leather” industries. All industries other than these three
have negative SCE values. In terms of CEE score, “Metal products, machinery” industry is followed by “Non-metal
mining products” and “Textile, leather” industries. The most profitable industries, regarding ROA and ROE scores
are “Non-metal mining products”, “Metal products, machinery” and “Chemicals, petroleum, plastic” industries,
respectively. While top productive industries are “Metal products, machinery”, “Food, beverage” and “Chemicals,
petroleum, plastic” industries, for MB ranking, as the first two places are the same with productivity ranking, third
place belongs to “Non-metal mining products” industry.
Table 3: Descriptive statistics of variables for Food, beverage industry
Variable
HCE
SCE
CEE
VAIC
ROA
ATO
ROE
MB

Observation
51
51
51
51
51
51
51
50

Mean
1.388243
-0.1870352
0.3111453
1.512354
0.0265829
1.140201
-0.0377325
2.639359

Std. Dev.
0.8165933
1.119913
0.3382515
1.931651
0.0740762
0.7388928
0.2430634
2.705348
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Min
0.1617865
-5.180986
0.0278974
-4.960344
-0.1279091
0.4584082
-1.008687
0.1645884

Max
3.565345
0.7195222
1.72047
4.694411
0.2707806
5.464789
0.463616
14.86112
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As seen from Table 2 and Table 6, in terms of all variables related to intellectual capital efficiency (VAIC and its
components) and firm performance, “Metal products, machinery” industry has mean values above manufacturing
sector averages. On the other hand, as seen from Table 5 and 7, “Basic metal” and “Wood, paper, printing” industries’
mean values for all variables are below the manufacturing sector average.
Table 4: Descriptive statistics of variables for Chemicals, petroleum, plastic industry
Variable
HCE
SCE
CEE
VAIC
ROA
ATO
ROE
MB

Observation
69
69
69
69
69
69
69
63

Mean
2.121654
0.3475649
0.3320043
2.801223
0.0733259
1.093905
0.0910733
1.620143

Std. Dev.
1.56724
0.3524611
0.1388827
1.891251
0.0684714
0.4253105
0.1124677
1.11715

Min
0.5363837
-0.8643371
0.0829167
-0.2254477
-0.0514168
0.5333925
-0.1741375
0.2792448

Max
9.591445
0.8957404
0.6671293
11.11689
0.334085
2.583354
0.4533079
6.442613

As given in Table 3, in terms of intellectual capital efficiencies, meaning VAIC and its components, “Food, beverage”
industry has scores lower than the manufacturing sector averages. In addition to that, profitability scores, meaning
ROA and ROE, are also lower than the sector average. However, ATO and MB scores higher than the sector average
indicate that, despite the lower profitability, productivity and market performance are not so bad.
For “Chemicals, petroleum, plastic” industry, intellectual capital efficiency scores, HCE, SCE and consequently VAIC
scores are higher than the manufacturing average (presented in Table 4). In addition to that, all performance variables
except MB have scores above sector’s average.
Table 5: Descriptive statistics of variables for Basic metal industry

Variable
HCE
SCE
CEE
VAIC
ROA
ATO
ROE
MB

Observation
31
31
31
31
31
31
31
31

Mean
1.261245
-0.1657555
0.3235594
1.419048
0.0166297
0.9753442
-0.0198534
1.683903

Std. Dev.
0.7664572
1.053883
0.1452898
1.706087
0.0755618
0.2404178
0.2510477
1.743666

Min
0.1628149
-5.141946
0.0475712
-4.93156
-0.1574102
0.4373668
-0.4613211
0.2502166

Max
4.121935
0.7573955
0.6728209
5.204881
0.2064313
1.463852
0.8912145
7.635911

Table 6: Descriptive statistics of variables for Metal products, machinery industry

Variable
HCE
SCE
CEE
VAIC
ROA
ATO
ROE
MB

Observation
110
110
110
110
110
110
110
105

Mean
2.047758
0.3080638
0.4040023
2.759824
0.0905645
1.336579
0.1340732
4.122203

Std. Dev.
1.34741
0.4745327
0.4936052
1.867106
0.1056852
0.4518508
0.2721081
9.9992

79

Min
0.3753492
-1.664186
-2.662161
-1.308581
-0.1951593
0.4921055
-1.333158
-8.163502

Max
8.540475
0.8829105
2.509054
10.45118
0.5775651
2.588286
1.16883
73.02103
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Table 7: Descriptive statistics of variables for Wood, paper, printing industry

Variable
HCE
SCE
CEE
VAIC
ROA
ATO
ROE
MB

Observation
34
34
34
34
34
34
34
32

Mean
1.121577
-0.8499554
0.2213219
0.4929436
-0.0074119
0.904517
-0.235233
1.591666

Std. Dev.
0.6358534
2.825881
0.1363607
3.323493
0.0496172
0.3733716
0.8128563
0.8462264

Min
0.067867
-13.7347
0.0187969
-13.64803
-0.0875787
0.309477
-4.271128
0.2913916

Max
2.400046
0.5833413
0.5993623
3.277882
0.1228539
1.486637
0.2125349
3.795122

Table 8: Descriptive statistics of variables for Non-metal mining products industry

Variable
HCE
SCE
CEE
VAIC
ROA
ATO
ROE
MB

Observation
56
56
56
56
56
56
56
54

Mean
3.231727
-0.0729774
0.3560204
3.51477
0.1148952
0.8541487
0.1474992
2.465486

Std. Dev.
3.264794
3.02813
0.2505343
5.029262
0.1180406
0.4128985
0.1645189
1.986959

Min
0.0441151
-21.66798
0.0066097
-21.61726
-0.1229154
0.3024257
-0.1410943
0.2845728

Max
14.0605
0.9288788
1.007438
15.33483
0.3300859
2.289447
0.8156774
10.93978

As seen from Table 8, “Non-metal mining products” industry has the highest HCE score among all industries. This
result is interesting since the “Non-metal mining products” industry is not an industry requiring high qualified labour.
Also the standard deviation of HCE is relatively high for this industry. It is 3.27 while standard deviation scores change
between 0.64 – 1.73 for other industries. Similarly, standard deviation of SCE is also the highest among all industries.
Table 9: Descriptive statistics of variables for Textile, leather industry

Variable
HCE
SCE
CEE
VAIC
ROA
ATO
ROE
MB

Observation
49
49
49
49
49
49
49
47

Mean
1.493852
0.2136168
0.3352671
2.042736
0.0399474
0.8171345
0.0729749
0.75938

Std. Dev.
0.7163827
0.295678
0.3938721
1.120589
0.0523831
0.3322081
0.2367955
1.493895

Min
0.5727736
-0.7458906
-1.286252
-0.4683554
-0.0539714
0.2409649
-0.3239383
-6.541618

Max
4.137496
0.7583079
1.115354
5.634458
0.1929048
1.804775
1.119667
4.679787

In terms of SCE scores, “Textile, leather” industry has the third highest score after “Metal products, machinery” and
“Chemicals, petroleum, plastic industries”. This industry’s only performance variable score above sector average is
its ROE score. Having lower ROA but higher ROE scores might mean that profits gained from liabilities is relatively
low in that industry.

5. Conclusion

This study contributes to the intellectual capital literature by exhibiting the intellectual capital efficiency and
performance levels of Turkish manufacturing sector and its sub-industries. As we compared our results with the results
of the similar studies in the intellectual capital literature (Basso et al., 2009; Erickson & Rothberg, 2009; Kujansivu
& Lönnqvist, 2007; Pal & Soriya, 2012), we have seen that there isn’t full consistency among the results. Although
there are some partial similarities among the results of these studies, the most and least successful industries in terms
of intellectual capital efficiency generally change from study to study. This might be due to adoption of different
industrial classification approaches, country differences (how developed an industry is, cultural differences,
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geographical differences etc.), difference in calculation approach (usage of consolidated or unconsolidated financial
statements) or inclusion of data from different time periods.
According to our results, in terms of intellectual capital efficiency and performance variables’ mean scores, while the
most successful industry in manufacturing sector is “Metal products, machinery” industry, the least successful ones
are “Basic metal” and “Wood, paper, printing” industries.
An interesting finding is that “Non-metal mining products” industry has the highest HCE score among all industries.
Since the qualified work force requirements are relatively low for this industry, high score of HCE might be a
consequence of pervasive employment of subcontractors in the “Non-metal mining products” industry. In a firm’s
financial statements, expenditures regarding the salaries and wages of workers employed by the subcontractors might
be included in other types of expenditures related to hiring subcontractors instead of being included in the firm’s
labour expenditure. As a result of that situation, labour expenditures seem less than they actually are and so, value
added created by a unit of money spent on employees would result much higher than its actual value.
Another interesting finding is that all industries other than “Chemicals, petroleum, plastic”, “Metal products,
machinery” and “Textile, leather” have negative mean SCE values. Since only observations with positive value added
are included in the study, this means that, on average, in industries with negative SCE scores, labour expenses are
higher than the value added created in these industries, resulting in negative structural capital score. According to the
VAIC approach, this indicates that human capital is the main source of the value added created in these industries. In
other words, in “Chemicals, petroleum, plastic”, “Metal products, machinery” and “Textile, leather” industries,
structural capital plays a more important role in value creation compared to other industries.
Our results are also consistent with the literature (Chan, 2009b; Chen et al., 2005; Ghosh & Mondal, 2009; Goh, 2005;
Kamath, 2007; Shiu, 2006b) which recognizes intellectual capital as a predictor of financial and/or market
performance. According to our results, compared to HCE and SCE, mean CEE scores of industries’ show lower
variability. Except the CEE scores of “Metal products, machinery” industry, which has the highest CEE (0.40), and
“Wood, paper, printing” industry, which has the lowest score of 0.22, all industries have CEE values ranging between
0.31 and 0.34. This result insinuates that any variability among industries’ financial and market performance is more
likely a result of how efficient an industry uses its intellectual capital, compared to how efficiently its financial capital
is used.
As consistent with the finding mentioned above, as we looked at the industries having highest and lowest scores in
intellectual capital and performance variables, a relationship between intellectual capital components and
performance, profitability especially, might be anticipated. Although there isn’t a perfect overlap in each case, highest
three and lowest two industries for certain intellectual capital variables and performance variables coincide
substantially. For example, highest and lowest scoring industries for HCE and ROA are the same. It is similar for SCE
and ROE. Compared to ROA and ROE, the similarities with intellectual capital variables in terms of ranking patterns
are relatively low for ATO and MB. This finding insinuates that there might be a stronger relationship between
intellectual capital efficiency and profitability compared to ones between intellectual capital efficiency and
productivity and market performance. As future study, the relationship between intellectual capital components and
financial and market performance in manufacturing sector will be examined using statistical techniques.
This study is important for manufacturing firm managers who want to know the position of their firm in the industry
their firm operating in and manufacturing sector in terms of intellectual capital efficiency and financial and market
performance.
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Abstract
Order promising is a critical capability helping companies win competitive advantage while considering customer
orders. Available-to-Promise (ATP) systems as tools for order promising have become popular in practice as well as
research. On the other hand, some products cannot be manufactured in advance because, for example, customers
demand a high level of variety or the inventory holding cost of the products is very high. For these products, the MTO
production strategy is applied, where the capacity and the inventory of raw materials are held. Production is undertaken
until the customer has placed the order. Therefore, the task of ATP systems in MTO is to use the available capacity
and raw materials in meeting customer MTO operation environment. However, promising a customer order under an
uncertain environment becomes much more difficult. The managers do not have the exact demand information in the
future since in most of the time, the actual demand deviates from the forecast. In order to cope with the order promising
under uncertain environment in MTO system, a stochastic ATP system is proposed in this paper to allocate critical
raw materials and production capacity to uncertain demands in different customer classes. The model involves
tradeoffs between committing resources to order with lower profit margins, and reserving resources for more
profitable. Numerical tests are carried out to investigate the impact of different factors on the profits generated from
two due date assignment models and assess the performance of the stochastic ATP approach.

Keywords

Operations management, Order promising, Available-to-Promise, Make-to-Order

1. Introduction

With the development of information technology and the advent of B2B businesses, buyers and sellers can now share
their information bases and exchange decisions in a real-time mode. This has brought both opportunities and
challenges to companies in retaining customers and increasing their market share as they try to respond a committed
quantity and delivery date quickly and effectively in response to requests for quotation from customers (order
promising). In the Make-to-Stock production systems, the production schedules of the finished product are planned
against the forecast. Therefore, while promising the customer requests, the product in stock and/or the scheduled
receipts are taken into consideration.
However, with increasing demand for customized products and shrinking product life cycles in recent times, many
manufacturers are favouring a mass customization-based approach, like Make-to-Order (MTO), to satisfy various
customers and to decrease inventory costs (Simchi-Levi et al. 2004). MTO manufacturing is carried out with reference
to customers’ order. What’s more, some products cannot be manufactured in advance because, for example, customers
demand a high level of variety or the inventory holding cost of the products is very high. For these products, the MTO
production strategy is applied, where the capacity and the inventory of raw materials are held. Production is undertaken
until the customer has placed the order. In a MTO system, once a customer order is received, the specific product is
produced/ assembled, packed and delivered according to customer requirements.
Therefore, the task of Available-to-Promise (ATP) systems in MTO is to use the available capacity and raw materials
in meeting customer demands while the customer orders are different in the price, quantity, and penalty cost. However,
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promising a customer order under an uncertain environment becomes much more difficult. The managers do not have
the exact demand information in the future since in most of the time, the actual demand deviates from the forecast.
The managers are in the dilemma of whether to accept the current order or reserve the critical materials and capacity
for the expected potential future order with higher profit.
In uncertain situation, the practice of FCFS is very common in manufacturing firms. In order to obtain higher revenue,
manufacturers are turning to ATP to match the supply of products to customer demand. Since uncertainties are
inevitable in the supply chain, many of the ATP models proposed in literature have not been effective. This research
is to develop a stochastic model for the MTO production systems to help make ATP decisions in order to maximize
the profit with the use of constrained resources, including critical materials and production capacity while meeting
uncertain customer demands.
The remainder of the paper is organized as follows. Section 2 reviews the relevant literature. Section 3 describes the
problem being considered and the structure of the system. Section 4 presents the allocation model generating the order
acceptance policy and the due date assignment model. Section 5 describes a numerical study conducted to assess the
performance of the proposed system. Finally, Section 6 concludes the work.

2. Literature Review

An early research paper describing the concept of ATP dates back to Schwendinger (1979). He shows that ATP is an
effective assistant tool to improve customer service. Since then many researchers study ATP in different contexts.
Most of literature concerning the ATP problem is under certain circumstance (Roundy et al. 2005, Cesaret et al. 2012,
Alemany et al. 2013). A review of deterministic models of this type is provided in (Kilger and Meyr, 2008). This
models try to maximize profit or minimize cost without considering future demands or taking into account future
orders with known information (Lewis and Slotnick, 2002).
However, when managers make decisions, they will not be able, naturally, to gather all the necessary information
concerning future orders. They can only estimate or forecast the future demand. Recently, some paper have studied
stochastic ATP modelling of how resources could be allocated to ensure optimal promising of customer orders when
the future orders are uncertain by adopting principles drawn from the domain of revenue management.
Barut (2005) studies an order-driven production system with scarce resource (capacity) capable of producing different
types of products. The available capacity at each period is fixed and perishable if not used by the end of the period.
Tardiness is not allowed but earliness is permissible without penalty. The order acceptance policy always accepts
orders from the highest class as long as there is sufficient capacity available in any period between the present time
and the order due date. Spengler et al. (2007) formulate an order promising model for a finite horizon in the iron and
steel industry characterized by multiple resources with capacity constraints. The orders vary in terms of capacity
consumption, marginal revenue and arrival probability.
Arredondo and Martínez (2010) arrive at their optimal order acceptance policy under uncertainty by using the
reinforcement learning approach. The policy tells the manager which orders are worth accepting depending on the
available capacity, the profit contribution margin of the order and the expected arrival times for future orders. Hing et
al. (2007) compare the decision policies found by applying the reinforcement learning method with two other
heuristics. The results show that reinforcement learning performs better.
Hung and Lee (2010) build a decision tool to help managers make acceptance decisions to order inquiries based on
the available information, including parameters determining the current available capacity and the order inquiry as
well as the stochastic parameters of future order arrivals.
The major tasks of the ATP models for MTO systems facing uncertain demand are to allocate the limited capacity
available to different classes of customer order. The order acceptance decisions are based on the current available
capacity and the expected future order arrivals. Instead of a single-resource constraint, Gao et al. (2012) study an order
promising problem concerned with committing two types of resources in assemble-to-order (ATO) system, including
production capacity (perishable) and component inventory (non-perishable), to multiclass orders with different unit
revenues and constant delivery lead times. The receipt schedule of component and capacity in each period are treated
as exogenous input parameters. They formulate a stochastic dynamic programming model by taking account of the
demand uncertainty in pseudo orders and drive analytical results of the optimal order acceptance policy. Among all
the stochastic ATP models, none but Gao et al. (2012) consider rationing control for both non-perishable resource
(inventory) and perishable resource (capacity) in an assembly system. Nevertheless, certain assumptions are made in
their models to simplify the analyses.
Motivated by the above observations, the current research aimed to study the ATP system for MTO products with
positive production lead time, which needs simultaneous availability of materials inventory and production capacity.
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Moreover, customer orders can vary in terms of their preferred delivery dates. Early shipment is not allowed, but the
company can produce in advance which will cause inventory cost. And also, the proposed method can solve the model
within an acceptable time. This makes the model attractive in practice.

3. Problem Description and System Formulation

Consider a MTO production system which provides a product consisting with several types of raw materials. The
manufacturer produces the products according to the arrived customer orders from multiple classes, specified by c,
which differ in their unit revenues rc, rejection penalties bc, tardiness penalty cost sc, and the arrival probability pc.
The critical materials with potential supply risk, like IC with a long purchasing time, are indexed by E. Suppose one
unit product requires Be ≥ 0 parts of type e E. The replenishment schedule of the raw materials, SRet, is planned in a
master planning against to a demand forecast. The production capacity of the product in each period is the same which
equals to Cap. It takes τ (>0) periods to produce a product.
This stochastic ATP system tackles uncertain demand over a finite horizon T. In each period, the customer orders come
from different classes with preferred delivery date and quantity which are random numbers. When making the order
acceptance decision, the criterion ATP is used to measure the firm’s capability, which refers to the quantity which has
not been previously committed to a customer order, and is thus available to satisfy the new incoming orders.
Specifically, ATP is computed based on the availability of critical materials and capacity. The ATP computation
procedure used in this respect will be introduced in the following.
The proposed ATP system is divided into two parts. At the beginning of the planning horizon, the ATP allocation model
calculates the optimal allocation policy. Based on the policy, the system makes the order promising decisions of
promised quantity and delivery date for the coming customer orders in each period according to the remained ATP.
Before introduce the ATP models, the procedure of how to calculate the available ATP quantity is explained first. Let
PSt denote the cumulative quantity of finished product produced in time period t to satisfy the promised orders, where
t = {t0, …, T}. The inventory of raw materials in current period, t0, is IRet . Let ATPt be the available quantity in period
0

t, and TATP the total ATP from current period t0 to T. First, compute the ATP quantity in the current period t0, ATPt0 .
The available amount of raw material, e, is IRet0  SRet0  Be  PSt0 . The uncommitted quantity of product in terms of

 IRet  SRet0

 PSt0  . Since the availability of product is also restricted by the production
material availability is min  0
eE
B
e




 IRet  SRet0

 PSt0  , Cap  PSt0  . In the second step,
capacity, the ATP quantity in period t0 is ATPt0  min min  0
eE
Be




the ATP for period t, ATPt , is computed. Since the raw material can be stored, the excess amount of it to ATPt 1 , that
is LRAet 1  IRet 1 SRet 1

 Be  ATPt 1 , is added to the availability of period t. Therefore, the available raw material,

e, equals LRAet 1  SRet . The ATP quantity in period t is


 LRAet 1  SRet



ATPt  min min 
 PSt  , Cap  PSt  .
eE
Be






Then, ATPt is added to TATP. Continue with this logic till the end of the planning horizon.
In order to obtain the optimal order acceptance policy, the ATP allocation model which is formulated with a stochastic
dynamic programming formulation will be developed. Let Vt(TATPx) denote the optimal expected profit from t to the
end of the planning horizon T. Denote  as the difference between these two numbers (change of ATP vs TATPx –
TATPy). And assume it to be a random number. The Bellman recursion equation can be defined now as follows:
Vt (TATPx)  E [max rc (TATPx  TATPy )  bc  d  (TATPx  TATPy ) 
d , c ,  TATPy

Vt 1 (TATPy  )]

(1).

After the accepted quantity is decided by the above model, the system will determine the delivery date for the accepted
quantity q.
The delivery date is determined based on the rule of to produce the products for the accepted order as early as possible
without considering the costs. The following heuristic algorithm is proposed for this due date assignment model.
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Step 1:

Initialization. t = t 0 ,

Step 2:

Calculate ATPt ,

Step 3:
Step 4:
Step 5:

PSt  min{ATPt , q} , q  q  PSt ,
Determine  t for the new accepted quantity q by the linear programming model defined in (2) to

(7),
t = t + 1. If q = 0 or t > T, STOP. Otherwise, go to Step 2.

If the preferred delivery date associated with the newly accepted order is earlier than some of the promised orders, it
would be better to use the scheduled production quantity PSˆt to satisfy the new requirement by including the
production schedule in that round PSt to fulfil the promised orders with later delivery date. However, the promised

i
delivery quantity ˆ t cannot be changed. In order to solve this problem, a linear programming model is formulated as
follows.

Objective function:
Min



lt0  t T

Subject to:

t   t  lt

0



(2)

IPt  IPt 1  PFt  (t   ˆti ) , IPt0 1  IPˆt0 1

t0  t  T (3)

ˆ
i

PFt   PSˆt  PSt ; PFt  0, if t  t0  



lt0  t T

t0  t  T , t    T (4)

t  q

(5)

t  0, IPt  0, PFt  0

t0  t  T (6)

The actual net profit and costs are calculated by (7) based on the decided delivery quantity  t for all orders.

z



 r        t  l   s
iI



ci

tT

i

i

t

t

tT

i

ci

 (d i 
i



l  t T

i
t


)  bci   h  IPt  h   PSt
tT
 tT

(7)

4. Numerical Example

In this section, a numerical example is given to demonstrate how the proposed model can be applied by using dynamic
programming method. In the numerical study, the product structure described in Figure 1 is chosen. The BOM (bill of
material) of the product is extracted from a telecommunication equipment manufacturing company. As depicted in
Figure Hata! Başvuru kaynağı bulunamadı.1, it includes only the critical materials. The numbers besides the arrows
are the numerical counts of raw materials per end product. Raw material 1 is a type of IC (integrated circuit), and raw
material 2 is a type of PCB (printed circuit board).
Product
32

1
RM1
(PCB)

RM2
(IC)

Figure 1. The BOM structure of the product considered in the experiments
The planning horizon T = 10 with zero initial product inventory and WIP and there are three demand classes with unit
revenues r1=$100, r2=$70, r3=$40; unit tardiness penalties s1=$5, s2=$3.5, s3=$2; and unit shortage penalties b1=$10,
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b2=$7, b3=$4. The order size, d, follows a log-normal distribution. Set ud = 100, σd = 25 for order size d and p1/2/3 =
1/3 for order arrival probability of the three classes. Set the unit holding cost h=$5. The replenishment quantities of
the two critical raw materials SRet are known, where SR1t is generated from the log-normal distribution (urm=80, σrm =
20) and SR2t =80*32.
This experimental study tests the performance of the proposed ATP model by changing parameters of the production
capacity (Cap) and production lead time (τ). Let APFCFS and APRMATP denote the simulated average profits under the
policies FCFS and the proposed ATP system respectively. Use
APRF 

APRMATP  APFCFS
100%
APFCFS

to measure the profit difference under policies of RMATP and FCFS.
TABLE 1. Simulated average profits associated with the proposed ATP system and FCFS policy
Factors
Base case

Parameters
Cap

τ

80

1

APRMATP APFCFS
43005

39571

8.7%

21731

18466

17.7%

43005

39571

8.7%

49779

44986

10.7%

50894

46198

10.2%

51052

46363

10.1%

0

43002

41050

4.8%

1

43005

39571

8.7%

2

40569

36470

11.2%

3

36580

32259

13.4%

4

31541

27060

16.6%

40
80
Capacity
120
limitation (Cap)
160

1

200

Production lead
80
time (τ)

APRF

From the experimental results listed in Table 1, It is observed that the proposed ATP system outperforms the FCFS
policy in every problem instance. Differentiation of customers and anticipation of future demand can help the company
earn more profit especially when the capacity is tight. For the production lead time, when it increases, the profits under
three policies all decrease because the WIP cost increases and more orders will be delayed. However, the proposed
ATP system can earn more revenue and the holding cost and rejection cost is less than FCFS. Thus, when capacity is
tight or lead time is long, the proposed ATP system should be used to get higher profit with uncertain demand.

5. Conclusions

This research studies the ATP problem in MTO settings. A stochastic ATP system is proposed to allocate the ATP of
the product to uncertain demands from different customer classes. The ATP quantity of the product is contingent upon
the simultaneous availability of two kinds of resources: critical raw materials and the production capacity. Firstly, the
ATP Allocation model is formulated and a heuristic algorithm is applied to determine the order acceptance policy.
Next, based on the ATP quantity, the system determines the accepted quantity for the in-coming order with preferred
delivery dates. In the second stage of delivery date assignment, a due date assignment model is proposed, which is to
initiate production as early as possible, so that the delivery dates for the accepted orders match the production
schedules. The numerical experiments are conducted to compare the performance of the proposed ATP system with
that of the FCFS under different parameter settings. Overall, it is found that the proposed stochastic ATP system with
revenue management concept outperforms the order promising process in MTO production systems, especially, when
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the available resources are limited. It is worthwhile to extend this model to incorporate order cancellation, no-show,
and overbooking scenarios commonly encountered in service industries.
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Abstract
Aiming at solving the back order problem that caused by incomplete kit of parts and components owing to unreliable
supply quantity in assembly manufacturing enterprise, considering the case of allowing shortage and shortage parts
are delayed to deliver, a mixed integer stochastic programming model with the goal of minimizing the expected total
purchasing cost, including ordering, procurement, parts inventory holding and finished product delay penalty cost is
developed. In addition to the traditional restrictions of order quantity and supply capacity, the minimum production
batch requirement is also incorporated. Based on the characteristics of the model, a discrete particle swarm
optimization algorithm is presented. The feasibility and effectiveness of the model and algorithm is demonstrated by
comparing with genetic algorithm and enumerative algorithm through numerical examples. Another experiment is
carried out to analyze the effect of the proportion that unit delay penalty cost divided by unit part holding cost on the
final order quantity allocation solution. Results indicate that the proportion has influences on the optimal solution and
the total cost, showing a linear correlation.

Keywords

Assembly manufacturing enterprise, supplier selection; order quantity allocation; particle swarm optimization

1. Introduction

In today’s competitive global environment, companies have to focus on their core competitiveness so as to gain and
sustain a competitive advantage, which brings up the consequences of a steady growth in the trend of outsourcing
parts and business processes. In assembly manufacturing enterprises, the cost of raw materials and parts sometimes
can equal up to 70% of the product cost (Setak et al, 2012). Therefore, as the source of supply chain, purchasing takes
a crucial position in the whole of supply chain management. An effective sourcing strategy can not only greatly reduce
the total operation cost but also increase the flexibility and competitiveness of the corporation.
Due to the impact of natural or man-made factors, like fire, flood, earthquake, strike etc., suppliers’ finite production
capacity, quality issues or raw material supply problem, the uncertainty of upstream supply chain has been greatly
increased. It’s very often that the entire system break off because of lack of one kind or several kinds of components,
which greatly affect the company’s production operation costs and its overall competitiveness, resulting in the chaos
production planning. To mitigate or avoid suppliers’ risks, high-level safety or buffer inventory strategy or multiple
sourcing strategies are usually adopted by the manufacturers. We mainly focus on the latter, for the problem in our
study is a short-term decision-making issue, whose core topic is the supplier selection and order quantity allocation,
through which, we could decide in what quantities from each alternative supplier. In view of the supply chain
endogenous risk, supplier selection and order quantity allocation is a complex stochastic optimization problem (Sawik,
2013).
Supplier selection and order quantity allocation problem has long been discussed and emphasized. Aissaoui (2007)
Ho (2010) reviewed the problem based on the classification of models and methods, and they concluded that
incorporating uncertain factors, like uncertain demand, supply or fuzzy information into the problem would be the
trend. In current studies, most of the literatures just considered the sourcing decision under deterministic supply and
demand environment (Jain et al, 2013, Seifbarghy et al, 2013, Jadidi et al, 2014) or uncertain demand conditions(Lee
et al, 2013, Zhang et al, 2013, Guo et al, 2014). However, the studies under supply uncertainty environment are very
limited. Generally, supply quantity uncertainty can be subdivided into supply disruption (Meena et al, 2013, RuizTorres et al, 2013, Ware et al, 2014) and random or fuzzy supply (Bilsel et al, 2011, Li et al, 2011, Pun et al, 2014).
In the actual assembly manufacturing enterprises, it’s very often that the suppliers can only deliver a random
percentage of the ordered parts and components due to above various reasons. Unreliable supply quantity results in
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the incomplete kit of production materials, which leads to chaos production planning and even back order. Specifically,
this paper considered the supplier selection and order quantity allocation problem under random supply settings, the
shortage of supply delivery is allowed and the parts that failed to be supplied on time will delay to deliver and the
delay time is assumed to be dependent on the allocations to the suppliers. The suppliers have the requirement for
minimum order quantity and their supply capacity is also finite. In make-to-order environment, under the mode of
assembly line production, there exists the requirement of minimum production batch, or all the materials will have to
stay in the plant until next planning cycle. Then, a mixed integer stochastic programming model with the goal of
minimizing the expected total purchasing cost is constructed, and particle swarm optimization (PSO) algorithm based
procedure is designed to solve the problem. After that, the effectiveness of the model and algorithm is illustrated by a
numerical example and the impact of the proportion of unit delay penalty cost divided by unit holding cost on the
optimal allocation solution and the total cost is analyzed through another numerical study.
The paper is organized as follows. In the next section, a description of the problem and a mixed integer programming
is presented. Section 3 gives the procedure of PSO based methods of the problem. To demonstrate the feasibility and
efficiency of the model and algorithm, numerical studies are conducted in section 4, followed by conclusion and
directions for future research.

2. Mathematical Models
2.1 Problem Description
Research idea in this article comes from a machine tool enterprise field research. Machine tool enterprise belongs to
the typical discrete manufacturing industry and its product structure is usually very complex, besides, under middle
or small batch production environment, the final product is processed and assembled by amounts of parts and
components, thus owning a large number of suppliers. This paper discusses the production oriented ordering policies
under single period, multiple materials and random supply quantity cases. We assume that the demand is known and
deterministic, and the production is instantaneous while the supply quantity of the suppliers is random and the average
reliability of each supplier can be acquired according to enterprises’ historical data. For simplicity, the ratio between
the final product and the parts is set to 1:1, i.e., the demand quantity of each kind of part is equal to the finished product.
The decision-making logic under consideration in this paper can be simplified as figure 1. The suppliers are unreliable
and they can only deliver a random fraction of ordered quantity, the shortage is allowed and the rest of materials will
delay to deliver. Meanwhile, the delay time, we assume that, is dependent on the allocations. According to the
historical data, we can estimate the expected deliver ratio of each supplier (Merzifonluoglu et al., 2014). Furthermore,
considering the high starting cost of the assembly line, production only begins when the quantity of arrived materials
meet the requirement of the minimum production batch of the assembly line, and materials in the delayed part will be
moved to the next planning period. Otherwise, production will not start until all the materials are delivered.
Manufacturers need to decide which supplier to select and assign the appropriate number of orders to reach the lowest
expected total purchasing cost. The notations used in modeling the problem are shown as table 1.
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Figure 1: The order quantity allocation problem under consideration
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Table 1 Notations in the Model
Indices
i(i∈I={1,2,…m}) Supplier number
j(j∈J={1,2,…n}) Material number
Input Parameters
D
Demand quantity of final product
T0
The length of planning horizon and due date
B
Procurement budget
Q
Minimum production batch requirement
Cij
Maximum supply quantity of item j at supplier i
Lij
Minimum order quantity of item j at supplier i
αij
Expected supplier reliability of item j at supplier i
bj
Unit requirement of part j of the product
pij
Unit price of item j at supplier i
Aij
Ordering cost of item j at supplier i
hj
Unit holding cost per unit time of item j
ej
Unit delay penalty cost per unit time of item j
tij
Delayed time of item j at supplier i
t
Delayed time of the final product
ckj
The on-time delivered ratio of item j
ck
The complete kit ratio of final product
z
z=1, if Dck≥Q, otherwise, z=0
Decision Variables
xij
The quantity of item j ordered from supplier i
yij
yij=1, if xij>0, otherwise yij = 0
2.1 Mathematical Model
The quality of supply portfolio can be measured by the expected total purchasing cost, which is also the goal of this
problem, and it is made up of ordering cost, material cost, parts inventory holding cost and delay penalty cost while
meeting specific constraints. Ordering cost is relevant to the allocations to suppliers, expressed as ∑j∈J∑i∈I Aijyij; the
material procurement cost is related to material price and order quantity, expressed as ∑j∈J∑i∈Ipijxijyij; the inventory
holding cost is concerned with the delay time and the quantity of delivered material, when z = 1, the arrival materials
on time meet the minimum batch requirements Q, and when z = 0, the quantity is less than t Q and the assembly
process wouldn’t start until all the materials are ready. The total inventory cost is expressed as z(∑j∈JD(ckj-ck)T0hj+∑j
∈J∑i∈I xijyijhj(1-αij)(T0-tij))(1-z)(∑j∈J Dckjhjt+∑j∈J∑i∈I xijyijhj(1-αij)(t-tij)). Final product delay penalty cost is concerned
with the materials and delay time, expressed as: ∑j ∈J∑i ∈I (1-αij)ejtij. In summary, taking TC as the expected total
purchasing cost, then the objective function of the model is as follows:
min TC=∑j∈J∑i∈I Aijyij+∑j∈J∑i∈I pijxijyij+z(∑j∈JD(ckj-ck)T0hj+∑j∈J∑i∈I xijyijhj(1-αij)(T0-tij))+
(1-z)(∑j∈J Dckjhjt+∑j∈J∑i∈I xijyijhj(1-αij)(t-tij))+∑j∈J∑i∈I(1-αij)ejtij
s.t. ∑i∈I yij≥1, j∈J

(1)
(2)

∑j∈J∑i∈I pijxijyij≤B
ej≥hj

(3)
(4)

∑i∈I xijyij=D, j∈J

(5)

Cij≥xij≥Lij, i∈I,j∈J

(6)

∑i∈I Cij≥D, j∈J

(7)

ckj=(∑i∈I xijαij)/D

(8)

ck=min{ckj| j∈J}

(9)
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tij=T0(1-αij)
t=max{tij| i∈I,j∈J}

(10)
(11)

αij∈[0,1], i∈I,j∈J

(12)

xij≥0, xij∈Z+, i∈I,j∈J

(13)

yij,w∈{0,1}, i∈I,j∈J
(14)
Eq.(1) represents the minimization of manufacturer’s expected total purchasing cost, including ordering cost, material
procurement cost, parts inventory holding cost and final product delay penalty cost. Eq.(2)-(4) are supplier selection
constraints, specifically including supplier quantity constraints, budget constraints, the relationships of size between
unit delay penalty cost and unit inventory holding cost constraints. Eq.(5)-(7) are the order quantity allocation
constraints. Here, Eq.(5) shows that the purchase amount is equal to the demand, Eq.(6) represents the order quantity
interval constraint and Eq.(7) illustrates that the total supply capacity of supplier is greater than the demand; Eq.(8)(11) is the complete kitting equation constraints, for each kind of part and the final product, the delay time is also
defined; Eq.(12)-(14) enforce the non-negative and integer restrictions on input parameters and decision variables.

3. Solution Procedures

Having the randomness of supply quantity and the complexity of the problem itself in mind, the model seems to
become very difficult to solve. Traditional exact mathematical programming methods has their own insurmountable
defect, while the evolutionary algorithms show great advantages. The evolutionary algorithms used to solve this
problem are mainly genetic algorithm (GA) (Rezaei et al, 2011) and PSO (Kamali et al, 2011, Pan et al., 2014).
According to the advantage of PSO, like simple structure, fast convergence rate and good robustness and inbound
discrete characteristic of this problem, we use a discrete PSO (DPSO) algorithm to solve the model.
3.1 PSO Algorithm Description
PSO algorithm stems from the observation and research on the predatory behavior of birds, first proposed in 1995 by
Kennedy and Eberhart, which is based on a stochastic optimization algorithm of swarm intelligence with many
advantages such as simple calculation, good robustness, fast convergence, etc. PSO algorithm was originally used for
continuous problem solving. It is initialized to a group of random particles, and to find the optimal solution by iteration
and in each iteration, the particles update themselves by tracking their best position and the best position for the entire
group. The most commonly used PSO now is the standard PSO (SPSO) algorithm and the update formula of SPSO
velocity and position are as follows:
Vi,j(g+1)=ωVi,j(g)+c1r1(Pi,j(t)-Xi,j(g))+c2r2(Gj(g)-Xi,j(g))
(15)
Xi,j(g+1)=Xi,j(g)+Vi,j(g+1)
(16)
Where Vi,j(g)and Xi,j(g) denote the velocity and position of the jth dimension of the ith particle in the iteration g; ω is
the inertia weight, we use fixed inertia weight, w = 0.5; c1 and c2 are learning factors, without loss of generality, we
assume c1=c2=2.0; r1and r2 are random number in [0,1], Pi,j(g) represents the current best position of the ith particle,
Gj(g) indicates the current best position that can be searched by group.
Discretization methods based on PSO algorithm are mainly divided into three categories, that is, the probability that
takes velocity as the position change, the operations to redefine the PSO and directly putting continuous PSO algorithm
into discrete problem. This paper uses the third method and since the position of the particle is always an integer, the
velocity updating formula are defined as below, where Round(●) denotes rounding operation.
Vi,j(g+1)=Round(ωVi,j(g)+c1r1(Pi,j(t)-Xi,j(g))+c2r2(Gj(g)-Xi,j(g)))
(17)
3.2 Particle Encoding and the Algorithm Procedures
3.2.1 Encoding Scheme and Initialization
Let swarm size be M, according to the problem, the sth(s∈S={1,2,…,M}) particle is n-dimensional and n is the total
types of purchased materials. The current position of particle s is expressed as: Xs=(Xs1,Xs2,…,Xsn), each dimension
represents the serial number of the allocation solution of relevant material, Osj=(Osj1,Osj2,…,Osjm) represents the
allocation solution corresponding to Xsj, meet ∑j∈JOsjm=D. For any s∈S, let |Xs1| be the amount of alternative allocation
solution for material 1, which can be enumerated according to the model.
For example, suppose a manufacturer would purchase three kinds of materials, and the demand quantity of each
material is 100 while the supplier quantity of each material is 3. Assume that there are 20, 30 and 50 alternative
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allocation options respectively for material 1, 2, and 3. Then one possible solution Xs=(2,28,43), represents that particle
s choose 2nd option of material 1, 28th of material 2 and 43rd of material 3. Check the serial number of the allocation
solutions for the corresponding material in the search space, assuming Os1=(60,30,10), Os2=(0,40,60), Os3 =(90,10,0),
then the combination of (Os1,Os2,Os3) represents a feasible solution. Particle position encoding schematic is shown in
figure 1.
Xs1

...

Xs2

Xs n-1

Xsn

Current position of the s th pariticle

Os1,1

...

os1,2

os1,m-1

os1,m

Allocation solution for Item 1 Os1

Figure. 2 Particle Position Representation
The procedure to generate the initial swarm is:
For j=1 to n
Enumerate to obtain the corresponding solution amount |Xsj|;
Let |Vsj|=|Xsj|, represents the maximum speed of dimension j of particle s;
EndFor
For each particle s=1 to M Do
For each dimension j=1 to n
r = a random number between 0 and 1;
If (round(r) ==0) Then
Xs,j(0)=an integer random number ∈[0,|Xsj|/2];
Else
Xs,j(0)=an random integer number ∈[|Xsj|/2-1,|Xsj|];
EndIf
Vs,j(0)= a random real number ∈[-|Vsj|,|Vsj|];
Ps,j(0)=Xs,j(0);
EndFor
EndFor
3.2.2 Proposed DPSO algorithm
 Step 1:Initialization. Let g=0, in accordance with the above-described initialization process, initialize the
position and velocity of individual particle randomly;
 Step 2:Fitness value calculations. According to formula (1), calculate the fitness for current position Xs(g) of
each particle;
 Step 3:Update local optimal value and best position. For each particle, compare the fitness Xs(g) and that of
Ps(g) , if Xs(g)<Ps(g), let Ps(g)=Xs(g);
 Step 4:Update global optimal value and best position. For each particle, compare the fitness value of Ps(g)
with that of G(g), if Ps(g)<G(g), let G(g)=Xs(g);
 Step 5:Update swarms. According to formula (17) and (18), update the position and velocity of the particles.
If Xsj>|Xsj|, let Xsj=|Xsj|. If Xsj<0, let Xsj=0. Take the appropriate test strategy when updating the velocity;
 Step 6:If the end condition is not reached, set g=g+1, go to step 2, otherwise end.

4. Numerical Studies
4.1 Numerical Results
To verify the effectiveness of the model and the algorithm, compare the DPSO algorithm with enumerative algorithm
and GA based on elitist model. GA selects proportional selection operator, single-point crossover operator and simple
mutation operator of basic genetic algorithm. The encoding method of chromosome is shown in figure 2. The size of
the population of GA is set to 80, crossover probability is 0.8 and mutation probability is 0.01.
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Figure. 3 Encoding Scheme of GA Chromosome
In order to be comparable, suppose a manufacturer plans to purchase four types of materials, the demand quantity of
each material is 100. Considering the average price level for different materials and different degrees of supply
reliability for each material kind, and there are three candidate suppliers for each material. The minimum assembly
batch requirement is 80, that is, when the arrival quantity ratio of material reached 80%, the arrival materials are
assembled and assembled firstly and materials that fail to arrive on time (20%) are transferred to the next period;
otherwise, production will be executed until all the materials (100%) are ready. The information of the suppliers is
illustrated in table.2. In addition, we assume the unit holding cost for each material j, hj={0.25,0.64,1.28,2.30}, unit
delay penalty cost ej={12,18,35,50} and ordering cost for each kind of material Aij={120,240,450,800}, the minimum
order quantity from each supplier is Lij={40,30,30,20}. The meanings of the notations in the table are the same as
described above. The algorithm was coded in C# and tested on a computer with an Intel Pentium 2.7GHz CPU and
4GB RAM. Compare the differences of allocation solution, run time and the convergence rate among DPSO algorithm
and EA, GA, the results are shown as in table 3.
j
1
2

Table 2 Supplier Capacity and Material Information
pij
Cij
αij(N(μ,σ2))
j
pij
Cij αij(N(μ,σ2))
5.0
100 (0.90,0.04)
22.5 70 (0.70,0.10)
5.3
100 (0.95,0.02)
3 24.3 70 (0.75,0.08)
5.8
100 (1.00,0.00)
27.8 80 (0.80,0.07)
11.2 60
(0.85,0.05)
40.5 40 (0.65, 0.12)
12.5 70
(0.88,0.04)
4 42.3 60 (0.75, 0.08)
14.3 80
(0.90,0.04)
45.8 90 (0.80, 0.07)

From table 3, where OS represents the optimal solution, RT indicates the run time (seconds), CI denotes convergence
iterations and TC stands for the expected total cost, the model get the same results by using above three algorithms.
Where the unit price of material 1 is low with a good supply reliability, whose allocation scheme is (0,100,0), that is,
choose sole sourcing; The allocation solution of material 2 is (56,44,0) for the reason that material 2 can meet the
supplier’s minimum batch requirement under its supply reliability level. Therefore, the procurement decision of
material is most related to the price and the first two suppliers supply the order quantity coordinately. Material 3 and
4 has a high unit value but also high supply risk level, their unit delay penalty cost is higher than that of material 1,
the corresponding allocation scheme is (0,58,42), that is, choose those suppliers with a supply reliability at first.
The convergence process of DPSO and GA are shown in figure 4. Combined with table 3, the three algorithms obtained
the same and optimal solution, but there are still great differences between their run time and convergence rate. In
general, DPSO algorithm has an obvious advantage of run time. For example, when purchasing four kinds of materials,
EA algorithm needs 4231.45 seconds, about 1.2 hours; while GA 3.43s, and DPSO only 0.49s. It can be inferred that
when the kinds of materials get bigger, EA algorithm will not be able to find an optimal solution in valid time and
DOSO algorithm will be a better choice.
Table 3 Comparison of the Three Algorithms
OS
RT
CI
TC

EA
(0,100,0)
(56,44,0)
(0,58,42)
(0,58,42)
4231.45s
—
16654.16

GA
(0,100,0)
(56,44,0)
(0,58,42)
(0,58,42)
3.43s
262
16654.16
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DPSO
(0,100,0)
(56,44,0)
(0,58,42)
(0,58,42)
0.49s
143
16654.16
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Figure. 4 Compare Results of the convergence of DPSO and GA algorithm
4.2 Numerical Analysis
In this section, we extend the above model to the case of purchasing six types of items. In the same way, we assume
that each material has three candidates supplier, part of information of the supply capacity is shown in table 4. We
assume that the unit ordering cost and minimum order quantity is only concerned with the type of material. Let Rj
represent the average level of supply risk for material j. Specifically, combining and simulating the actual industrial
data, set Aij={160,200,225,240,400,700}, Lij={40,30,30,30,20,10} and Rj={0.95,0.85,0.90,0.80,0.75,0.70}.
j
Cij

pij

1
90
90
100
18.3
20.2
21.7

Table 4 Supply Capacity Information
2
3
4
5
80
70
70
60
80
80
80
70
80
90
80
80
23.8
27.4
27.7
46.3
25.2
28.0
29.8
47.9
26.5
28.5
31.5
48.6

6
40
60
90
85.3
88.6
92.8

Taking into account the optimal solutions may be related to the value of some input parameters and the change of total
cost is mainly affected by the last two terms in formula (1), inventory holding cost and the delay penalty cost, this
section mainly explores and verifies the effects of the two parameters on the order quantity allocation solution in order
to get the actual operation inspiration for the enterprises. In this paper, suppose that the unit inventory holding cost hj
and the unit of shortage cost ej of each material are in proportion to the average price (represented by pj). Practically,
we consider the ratio ej/hj varies from 1 to 20. Use DPSO algorithm to strike the appropriate order quantity allocation
solution and part of the results and total cost are shown in table 5. The expected total purchasing cost under different
ratio scenarios are shown in Figure 5.
Table 5 The Effect of Ratio ej/hj on the Allocations and the Total Cost
ej/hj
1
2
10
20
(60,40,0)
(60,40,0)
(60,40,0)
(0,0,100)
X1
(70,30,0)
(70,30,0)
(70,30,0)
(63,37,0)
X2
(70,30,0)
(70,30,0)
(37,0,63)
(0,35,65)
X3
(70,30,0)
(70,30,0)
(70,30,0)
(66,0,34)
X4
(60,40,0)
(60,40,0)
(0,20,80)
(0,20,80)
X5
(0,60,40)
(0,10,90)
(0,11,89)
(0,11,89)
X6
31106.00
31765.00
34169.20
36900.55
TC

97

Proceedings of the 2nd Global Conference on Engineering and Technology Management 2015, Chicago, IL, USA,
September 4 – 5, 2015

3.8
3.7

Fitness / 10^4

3.6
3.5
3.4
3.3
3.2
3.1
3
1

2

3

4

5
6
7
8
9 10 11 12 13 14 15 16 17
unit tardiness cost/ unit holding cost

18

19

20

Figure. 5 The total cost with different ej/hj values
From table 5, we can obtain that as the ratio changes, the order quantity allocation solution for each kind of material
and total cost varies. Specifically, from Figure 5, the total cost is related to ej/hj and as the value of this ratio increases,
the total procurement cost is approximately on a steep rising trend. Therefore, enterprises should make the appropriate
order quantity allocation decision according to the specific parameter level.

5. Conclusions

For assembly enterprises in supply chain, sourcing decision should not only consider the price level of the materials
but also the overall benefits of the enterprise from strategic points of view. Incorporating the production planning into
sourcing decision is necessary for the reason that purchasing ultimately serves the production. This paper mainly
considers the order quantity allocation solution under the case of multiple materials and multiple unreliable suppliers.
A single objective mixed integer programming model is presented and solved by discrete particle swarm optimization
algorithm. Numerical studies are carried out to compare the effectiveness of the algorithm by comparing with other
two algorithms, finding that the algorithm described in this paper is obviously better than the other two algorithms.
Another numerical example is executed to examine the effect of some parameters in the model on the optimal order
quantity allocation solution and the expected total purchasing cost. The results show that the material order quantity
allocation solution is relevant to the level of specific ratios, and with the increase of the proportion, the total cost
increases linearly. Therefore, decision makers should make sourcing decisions according to actual delay penalty and
inventory holding level. Future research could be done to extend the model to consider some integrated problems,
such as lot sizing and order scheduling. Furthermore, we will incorporate other features such as price discounts and
supply disruption scenarios.
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Abstract
Airlines typically operate a number of different fleet types, and each of them has different costs and characteristics
such as seating capacity, maintenance, crew and fuel. Following the construction of a flight schedule and its
corresponding network, the next step is to assign the right fleet type to each flight leg in the predetermined schedule,
which is called Fleet Assignment Problem (FAP). In this study, the FAP is formulated by adopting a time-space
network, where the nodes represent landing or take-off of a flight in an airport at a given time. We focus on the FAP
based on the flight schedule of a Turkish airline company, whose operations differ from North American airlines in
terms of flight and cost structures, planning horizon and number of hubs.
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1. Introduction

Given a flight schedule including and its corresponding network, a fleet assignment problem (FAP) is solved to
determine which flights should be assigned to which fleet types to optimize the objective function while satisfying
various operational constraints. The goal of the problem is to assign the right fleet type to each flight leg in the
predetermined schedule. A number of different fleet types are operated; and each fleet type has different features such
as seating capacity, maintenance, crew, and costs.
Most of the existing fleet assignment studies on airline fleet assignment focus on North American airline companies,
and assume that a daily schedule is given, i.e., every flight repeats every day of the week. On the other hand, in our
study we focus on the FAP based on the flight schedule of a European Airline company whose operations differ from
North American airlines in terms of flight and cost structures, planning horizon, and number of hubs. Although the
crew salaries are dependent on the flight assignments in North American airlines, in European airlines crew salaries
are fixed. Unlike the most of the North American airlines that have multiple hubs, the significant portions of operations
(i.e. landings or take-offs) are conducted in a single hub. In this paper, the flight schedule that we deal with consists
of about 25,000 flight legs per month, to more than 150 destinations.
In practice, most airline companies plan their operations in a sequential manner, in the order of schedule planning,
fleet assignment, aircraft maintenance and routing, and crew scheduling. The FAP is dependent on flight schedules
which includes flight network and take-off and landing times. Aircraft maintenance routing is dependent on fleet
assignment information, which is constructed by the FAP, thus an individual aircraft can be assigned to a particular
route which is appointed for its own type. Similarly, crew scheduling depends on the FAP that crew members can be
assigned to the flight legs which are operated by the fleet types that they are qualified to fly. There is an
interdependency between these problems; therefore, if these problems are solved sequentially, a feasible solution for
one of them not necessarily mean feasible for the entire system.
The remainder of this paper is organized as follows. Section 2 introduces the concepts that will be used throughout
the paper provide a background on the problem, and the related literature related is reviewed. We then present a
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problem statement and mathematical model for the fleet assignment problem in Section 3. Section 4 presents a case
study where we use the data of an airline company in Turkey, call it ABC. Section 5 concludes this paper with a
summary of our study and directions for future research.

2. Background
2.1 Basic concepts
 Aircraft family (fleet family): A set of aircraft which have same cockpit configuration and crew qualification
requirements. An example of an aircraft family is the Boeing 737 (B737) family.
 Aircraft type (fleet type): A certain model of aircraft, such as Boeing's B737-800. All aircraft of the same
type have same cockpit configuration, crew qualification requirements, maintenance requirements, and
capacity.
 Flight leg: Segment of a flight, which starts at a specific take-off time, involves a stopover, change of aircraft,
or change of airline.
 Node: In a network, the points (destinations) are called nodes and the lines (paths) are called arcs.
 Rotation: Due to the single hub configuration, crew utilization and cost minimization purposes, majority of
the flights are considered as rotation type. For instance, if there is a flight from a hub to airport A in the
morning, there is also a returning flight from airport A to the hub.
2.2 Related Literature
A fleet assignment problem was firstly addressed in Abara (1989) where a connection-based network structure was
used. In the connection-based network structure, the nodes correspond to time when flights land or take-off. The
Coldstart model, which was a mixed-integer linear program, was used in Delta Airlines to assign fleet types to the
flight legs (Subramanian et al., 1994). Similar to Abara (1989), Rushmeier and Kontogiorgis (1997) used connectionbased network structure, and they modeled the fleet assignment problem as a mixed-integer multi-commodity flow
problem. Alternatively, Hane et al. (1995) was one of the first researches that formulated airline fleet assignment
problem using time-space network structure, which has become main structure for formulating the fleet assignment
problem. In the time-space network structure, the nodes represent landing or take-off of a flight in an airport at a given
time. There are three types of arcs: ground arcs denoting aircraft staying at the same airport for a given amount of
time, flight arcs denoting flight legs, and wrap-around arcs denoting the continuity of the assignment which connects
the last events of the day with the first events of the day. Since the number of flight legs is less than the number of
possible connections, using time-space network structure reduces the number of decision variables.
Sherali et al. (2006) provided a recent tutorial on the basic and enhanced models and approaches that have been
developed for fleet assignment problem. They described basic fleet assignment models, presented several approaches
that focus on integrating fleet assignment model with other airline decision processes such as schedule design, aircraft
maintenance routing, and crew scheduling, and solution techniques for the fleet assignment models with additional
considerations such as itinerary-based demand forecasts were presented. Before discussing the future research
directions, they reviewed dynamic fleeting mechanisms. Sherali et al. (2010) focused on integrated fleet assignment
and schedule design problem where they presented mixed integer programming model at first. Then, they introduced
certain classes of valid inequalities through polyhedral analysis and applied Benders’ decomposition approach.
Haouari et al. (2011) proposed exact solution approaches including Benders decomposition and branch and price
algorithm for an integrated aircraft fleeting and routing problem at TunusAir where they looked for a solution for
weekly problem. They showed superiority of the integrated approach over the sequential approach in terms of cost
savings. Assuming that flight schedule is given, Barnhart et al. (2009) developed MILP model for airline fleet
assignment model based on the idea of employing composite decision variables representing the simultaneous
assignment of fleet types to subnetworks of one or more legs, which is sub-network fleet assignment model (SFAM).
Recently, Sherali et al. (2013) formulated MILP based on a connection network framework for integrated flight
selection, timing, fleet assignment and routing problem where they solved daily problem, which consist of
approximately 600 flights. They incorporated the following features: optional legs, itinerary based demands, multiple
fare classes, flexible flight retiming and demand recapture. In order to tighten the model, hierarchical symmetrybreaking constraints were introduced, and Benders decomposition based method was proposed.
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3. Fleet Assignment Model

In order to model the fleet assignment problem, a time-space network approach is utilized which eases keeping track
of the fleet at any given point in time at different airports. A sample time-space network is presented in Figure 1. Each
node represents a flight landing or take-off at a particular airport, and the time axis progress downward through the
figure. There are five airports A, B, C, D and E and three fleet types B737-400, B757-200, B737-800.

Figure 1: Time-space network (from Bazargan, 2004)
Time-space network enables the process of modeling the fleet assignment problem. This approach presents the airports
as columns, and times of the day as rows. In this network, the arcs (arrows) are the flights, and nodes represent the
arrival/departure of a flight segment at a specific airport, at a specific time of the day. A wrap-around arc is a ground
arc which connects the last node to the first node in a given city. These arcs normally represent the aircraft that stay
overnight in an airport, and connect the last arrival to the next day’s departure flight.
The fleet assignment problem is basically formulated as a multi-commodity network problem. In the model
formulation, a binary decision variable is used to express the flow on any flight arc, on the other hand, an integer
variable is used to represent the flows on the ground arcs and wrap-around arcs. The objective is to maximize the total
profit. There are three sets of constraints, which are flight cover, aircraft balance and fleet size/availability. The flight
cover constraints ensure that a flight leg is covered by only one type of fleet. The aircraft balance constraints guarantee
that the availability constraints are satisfied for all times in the network. The fleet availability constraints ensure that
for each fleet type, total number of aircraft of at a time should not exceed the available number of aircraft in that fleet.
Consider the following notation:
Index sets and parameters:
F ≡ {1,…,f}: A set of f flights.
K ≡ {1,…,k}: A set of k fleet types.
C ≡ {1,…,c}: A set of last nodes
M ≡ {1,…,m}: A set of m nodes in the network
rij : revenue of assigning fleet type j to flight i, ∀i ∈ F, ∀j ∈ K
cij : cost of assigning fleet type j to flight i, ∀i ∈ F, ∀j ∈ K
Nj : number of available aircraft in fleet type j, ∀j ∈ K
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sik ∈ {−1,1}: sik = 1 if flight i is an arrival at node k, −1 if flight i is a departure from node k , ∀i ∈ F, ∀k ∈ M
Decision variables:
xij ∈ {0,1}: xij = 1 if flight i is assigned to fleet type j , 0 otherwise , ∀i ∈ F, ∀j ∈ K
ykj : number of aircraft of fleet type j on ground at node k, ∀k ∈ M
The fleet assignment model based on time-space network is formulated as the following:
(1)
(2)
(3)
(4)
(5)
(6)

Maximize ∑j∈K ∑i∈F(rij − cij )xij
subject to ∑j∈K xij = 1 ∀i ∈ F
yk−1j + ∑i∈F sik xij = ykj ∀k ∈ M, ∀j ∈ K
∑k∈C ykj ≤ Nj ∀j ∈ K
xij ∈ {0,1} ∀i ∈ F, ∀j ∈ K
ykj ∈ Z + ∀k ∈ M, ∀j ∈ K

In the above model, the objective function (1) maximizes the total profit of assigning fleet types to flight legs. There
are three main sets of constraints in the fleet assignment model. Constraints (2) are the flight cover constraints, which
guarantee that each flight is flown by one type of fleet. To cover a flight, sum of all the decision variables representing
that flight must add up to 1. Constraints (3) ensure the aircraft/flow balance at any given node in the network. The
number of aircraft for any fleet type at any node is the number of aircraft of that fleet type just before that node plus
the arrivals minus the departures. Constraints (4) enforce limit on the number of available aircraft. The number of
aircraft in fleet type should not exceed the available number of aircraft in that fleet. Finally, Constraints (5) and (6)
define the binary and positive integer status of the variables, respectively.

4. Case Study

In this section, we give the details of our case study based on the flight schedule of an airline company in Turkey, and
perform a computational study.
According to Federal Aviation Authority (FAA), the term hub is used to identify very busy commercial service airports.
Having observed the available data including flight, schedules, aircraft movements and destinations served, we
determine that airport with code “0” functions as the main hub for the airline company, ABC. Having developed and
applied the set-covering problem by taking into account the rules and regulations of the company and the aviation
authority; we also validate that airport “0” provides the best result, and it is selected as the hub. As a result of hub
selection model, we preferred working on airport “0”. Then, we grouped flight and cost-revenue data of airport “0”.
In our case, there are 479 flights either arriving or departing the airport “0” on a day. The airline company has totally
128 aircraft with 14 types of fleet (6 aircraft for fleet type 1, 2 aircraft for fleet type 2, 20 aircraft for fleet type 3, etc.).
A sample flight schedule is provided in Table 1. We are given that %70 of the total aircraft are staying overnight at
hub, airport “0” because of parking, nightly maintenance, probability of requirements to other destinations.
The revenue and cost for a flight mainly depend on the type of fleet assigned to that flight; a sample revenue and cost
data is presented in Tables 2a and 2b.
Flight
number
387
883
255
802
99

Table 1: A sample flight schedule
Origin
Destination
Departure
(airport code) (airport code)
time
67
0
12:05 AM
60
0
12:05 AM
145
0
12:10 AM
0
52
12:15 AM
10
0
12:20 AM

Duration
(minutes)
155
175
335
180
225

Table 2a: A sample revenue data dependent on flight and fleet type
Fleet Type
1
2
3
4
5
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1
2
3
4
5

$52,170
$64,080
$38,500
$25,988
$59,166

$52,170
$65,160
$38,500
$26,426
$59,166

$52,170
$69,840
$38,500
$27,448
$59,166

$52,170
$24,000
$38,500
$21,900
$51,300

$52,170
$57,240
$38,500
$23,214
$54,378

Flight

Table 2b: A sample cost data dependent on flight and fleet type
Fleet Type
1
2
3
4
5
1
$20,472 $20,242 $20,242 $19,032 $19,032
2
$22,941 $22,941 $22,941 $21,570 $21,570
3
$43,858 $43,858 $43,858 $41,237 $41,237
4
$22,266 $22,266 $22,266 $20,935 $20,935
5
$27,664 $27,664 $27,664 $26,011 $26,011
The MILP model was implemented and solved using OPL/CPLEX on Intel Core i5-3330S CPU with 2.70 GHz and
8:00 GB RAM desktop. We implemented the proposed model for a day at airport “0” which consists of 479 flights.
By using optimization software, the solution to this problem generates a maximum daily profit of fleet assignment
only at hub, airport “0” of $10,157,239. A sample fleet assignment for first five flights when there are 14 fleet types
is presented in Table 3.
Table 3: A sample fleet assignment
Flight
Origin
Destination
Fleet type
number
(airport code)
(airport code)
387
67
0
8
883
60
0
10
255
145
0
8
802
0
52
10
99
10
0
9

5. Conclusion

In this paper, the fleet assignment problem in real cases for an airline company in Turkey was studied. In the
mathematical model presented here, the objective function represents the total profit of the network, which we seek
to maximize by assigning the most appropriate fleet type to flights. There are three main sets of constraints in the fleet
assignment model. Flight cover constraint implies that each flight must be flown. Aircraft balance constraint ensures
that an aircraft of the right fleet type will be available at the right place at the right time. Fleet size constraint ensures
that the number of aircraft within each fleet does not exceed the available fleet size. We recommend for future research
the weekly and monthly fleet assignment model. It is worthwhile to investigate models and effective solution
approaches for the larger problem sizes.
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Abstract
Almost all children have abdominal pain, which is pain in the stomach or belly area, at one time or another. Most of
the time, it is not caused by a serious medical problem; however, sometimes abdominal pain can be a sign of something
serious. In this study, we develop a simulation model of the flow of children with abdominal pain in a pediatric
emergency outpatient clinic that consists of several processes and requires various resources. In order to figure out
how the resources impact such health care system’s performance, a design of experiment (DOE) is conducted.
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1. Introduction

Abdominal pain is one of the most common reasons that children aged 5 years and over visits the pediatric emergency
outpatient clinic (Pitts et al., 2008). According to the Institute of Medicine of the National Academies, since clinics
provide both emergency and nonemergency care, visits for these symptoms may differ in their acuity (Northington et
al., 2005). Advanced medical imaging is often required to support in both diagnosing and ruling out serious illness
related with these symptoms (Fang et al., 2010; Gardner et al., 2007).
Children with abdominal pain are frequently presented to the pediatric emergency department. Thus, practitioners in
emergency room must attend to several processes to insure that the cause of pain is not serious or life threatening and
in the serious cases take quick action since patient-waiting time has a significant impact on patient health and
satisfaction. Simulation has been applying to different problems that occur in processes of health institutions (Ozcan,
2005). According to Montevechi et al. (2007), conjoint application of simulation and design of experiments has
benefits such as improving the performance on the simulation process and could assist to avoid the trial-and-error
techniques to search for solutions. Therefore, the objective of this research is to apply the design of experiments
techniques accompanied by individual proceedings simulation technique in a process of health care service. This paper
describes a simulation model of the flow of patient with abdominal pain in a pediatric emergency outpatient clinic that
consists of several processes and requires various resources.
A general simulation model consists of input and output variables and running a simulation commonly answers the
'what if' question. According to Kelton (2000) an unplanned experimentation with a simulation model can often be
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inefficient. Alternatively, carefully planned simulation studies can give important information without unnecessary
amount of computational effort time. Building on the capabilities of general simulation modeling, however, one can
find the optimal setting of input variables through simulation optimization. The aim of the simulation optimization
approach is to find the best input variable values from among all possibilities without explicitly evaluating each
possibility (Carson & Maria, 1997). In other words, the objective is to minimize the resources spent while maximizing
the information obtained from the simulation model. One can find various methods of simulation optimization in the
literature. This study is using design of experiment techniques accompanied with simulation. For the other simulation
optimization methods, readers are referred to Carson & Maria (1997); Benson (1997); Fu (2002) and Better et al.
(2008).
A design of experiments helps to understand whether or not changing a given input factor is affecting the outputs
(responses), and the significance of the effects. Various approaches, methods, and analysis techniques in that area has
been around for many decades and is well documented (Box et al., 1978; Montgomery, 1997). Despite being used
with physical experiments in mind, they can easily be used in computer simulation experiments as well (Law & Kelton,
2000). The summary of DOE techniques in simulation can be found in Kelton (2000). Some of the application of DOE
technique with simulation can be found in Montevechi et al. (2007), Kleijnen (1995), Subulan & Cakmakci (2012)
and Baesler et al. (2003).
The remainder of this paper is organized as follows. Section 2 introduces the system description. We then present the
simulation model in Section 3. Section 4 presents an experimental design methodology. Section 5 concludes this paper
with a summary of our study and directions for future research.

2. System Description

Hacettepe University Hospitals in Turkey offers the health care service which holds the leading position in medicine
education as well as being among the highly esteemed Turkish institutions on the international platform. One of the
services of the hospital, the pediatric emergency outpatient clinic provides a 24-hour service on a continuous basis.
Emergency outpatient clinic physicians offer service in eight-hour shifts, with at least two physicians, six nurses, four
practitioners, and one receptionist on each shift. The number of resources (e.g., physicians, nurses) is increased
between 17:00-24:00 and at weekends, when the demand from patients tend to grow. The outpatient clinics of the
hospital admit all pediatric patients up to (and including) the age of 16. A physician called "door physician" welcomes
the patients. Following the patient evaluation of the door physician, the patient is given a queue number for pediatric
emergency outpatient clinic, general outpatient clinic, infection outpatient clinic, diarrhea center or adolescent
outpatient clinic depending on the symptoms and findings. Sequence numbers are given on a daily basis, between the
hours 07:30-16:00. Better service quality of the outpatient clinics depends on careful and meticulous efforts. The
purpose of the clinic is to diagnose patients accurately, restore their health by giving the best treatment as well as
ensure that they leave the hospital with satisfaction.
According to the clinic’s records, in 2014, pediatric emergency outpatient clinic visits for abdominal pain in children
is the %12.3 of total visits. The number of pediatric emergency outpatient clinic visits in which abdominal pain was
the primary reason for the visit increased 22.1% compared to the previous year. In the pediatric emergency outpatient
clinic, all patients are admitted for examinations and treatments on a 24 hour basis and meantime, required
consultations (advisories) are provided to departments within the shortest time as much as possible like in 30 minutes.
All types of tests and consultation services are offered to patients on a 24–hour basis. The emergency service consists
of patient examination rooms, patient follow-up section, burn, plaster, operating rooms and a total of twelve beds.
Oral and intravascular fluid therapy, blood and plasma support, steam and oxygen practices, various medical
treatments, patient monitoring, plaster-splint, stitching, and medical dressing services are provided. Tests such as
complete blood count, biochemistry, blood gas, and urinalysis are rapidly resulted at pediatric emergency biochemistry
department located by the emergency outpatient clinic.
Once the patient arrives to the pediatric emergency outpatient clinic, a receptionist collects the personal information.
Next, the patient waits for availability of a room and a practitioner. While this occurs the patient is walked to the room
that the practitioner takes the vital signs and patient’s history then. Next, the physician is informed that a patient is
waiting for diagnosis. If the physician is available, she goes to see the patient and performs the examination. After the
physician evaluates the patient she could conclude that extra exams are required. In this case the patient is transported
to the corresponding test area, such as X-rays, ultrasonography, etc. Depending on the results, the patient may need
an emergent operation, need to stay in hospital for further observation, or return to the exam room and the physician
concludes the treatment and the patient is sent home. The patient´s flow is constructed and presented in Figure 1.
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Figure 1: The flow of a patient with abdominal pain

3. The Simulation Model

The simulation model is constructed using the simulation package Arena 14.5. The information used as input for the
model is collected from the hospital databases. The system is simulated for a length of 30 days period, and we make
60 replications in order to achieve the statistical accuracy. The results obtained after running the as-is scenario are
validated using hospital data.
The aim of this study is to predict the maximum demand that the clinic is able to afford without increasing the waiting
time much. The response variable “average total time in system”, that represents the average total time a patient spends
inside the clinic which contains the average time in queue and average service time, is used as a service level
parameter. Currently, patients spend an average of approximately 1 hour inside the system. The hospital authorities
are willing to expand their resources (e.g., human resources, equipment, room, etc.) and increase the time up to 90
minutes in order to increase their demand. The simulation scenarios are conducted in order to understand the behavior
of the system, and determine the maximum demand that the clinic can afford without exceeding 90 minutes of average
total time in system with the new configuration of resources.

4. Experimental Design

With the aim of determining the significance of the resources in the system, a design of experiments should be
performed. Regarding the opinions of subject matter experts, the following three factors are expected to have effect
on the system performance: number of beds, number of physicians and number of practitioner. These factors are
examined in two levels, as low (L) and high (H). Table 1 shows the settings of this experiment.
Table 1: Factor Levels of the Resources
Level Bed Physician Practitioner
- (L)
12
2
4
+ (H) 15
4
6
A 2k full factorial design is applied to determine the significance of the resources. It refers to the two levels of each
factor as – and + level. For instance, since this study examines three factors, there are 23=8 configurations. The design
matrix is shown in Table 2. The optimal level of factors is defined in order to optimize the performance of the system,
in this case minimizing the average total time in system.
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Table 2: Design Matrix for a 23 Factorial Experiment
Average Total
Run
Bed
Physician Practitioner Time in System
(min)
1
60
2
+
56
3
+
58
4
+
+
55
5
+
59
6
+
+
57
7
+
+
58
8
+
+
+
54
Table 3: Results of Regression Analysis
Regression Statistics
Multiple R
R Square
Adjusted R Square
Standard Error
Observations

1
1
65535
0
8

ANOVA
df
Regression
Residual
Total

Intercept
Bed
Physician
Practitioner
Bed*Physician
Bed*Practitioner
Physician*Practitioner
Bed*Physician*Practitione
r

F
#NUM!

Significance
F
#NUM!

Upper
95%
57,125
-1,625
-0,875
-0,125
-0,125
0,125
-0,125

Lower
95.0%
57,125
-1,625
-0,875
-0,125
-0,125
0,125
-0,125

Upper 95.0%
57,125
-1,625
-0,875
-0,125
-0,125
0,125
-0,125

-0,375

-0,375

-0,375

7
0
7

SS
28,875
0
28,875

MS
4,125
65535

Coefficients
57,125
-1,625
-0,875
-0,125
-0,125
0,125
-0,125

Lower
95%
57,125
-1,625
-0,875
-0,125
-0,125
0,125
-0,125

-0,375

-0,375

Table 3 summarizes the results of the regression analysis that we conduct. It shows that the main effects number of
beds and number of physicians are strong. On the other hand, the effect of main effect number of practitioners, the
interaction effects Bed*Physician, Bed*Practitioner, Physician*Practitioner, and Bed*Physician*Practitioner are
weak. Having determined the strong and weak effects, we construct the following mathematical modeling in order to
determine the optimal levels of each factor. The objective function (1) tries to minimize the average total time in
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system, constraints (2), (3) and (4) ensure that the factors number of beds, number of physicians and number of
practitioners should have a coded value between -1 (L) and 1 (H), respectively.
Min
Y=57,125-1,625*Bed-0,875*Physician-0,125*Practitioner-0,125*Bed*Physician-0,125*Bed*Practitioner0,125*Physician*Practitioner-0,375*0,125*Bed*Physician*Practitioner
(1)
Subject to
-1<=Bed<=1
(2)
-1<=Physician<=1
(3)
-1<=Practitioner<=1
(4)
The experiments are performed and it is concluded that using the feasible hospital capacity, all the factors have to be
set in a high level, fifteen beds, four physicians and 6 practitioners.

5. Conclusion

In this paper, we develop a simulation model of the flow of children with abdominal pain in a pediatric emergency
outpatient clinic. The service consists of several processes and requires various resources. In order to figure out how
the resources impact such health care system’s performance, and how to optimize the system, we integrate the
simulation model with experimental design. We demonstrate that how simulation can be used to determine the
configuration of resources required maintaining a quality of a service industry, health care service by keeping the
maximum level of demand. We recommend for future research observing the other processes in the hospital in a
similar fashion as we do in this study. Moreover, it is worthwhile to investigate other experimental design methods
while conducting analysis.
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Abstract
Other than few with established entrepreneurship culture, many higher education institutions lack a formal
infrastructure for neither educating students on entrepreneurship nor supporting faculty and student inventors to
explore commercialization of their ideas. This paper discusses the development of a graduate/undergraduate level
interdisciplinary entrepreneurship course at Southern Illinois University Edwardsville (SIUE) as a stepping stone to
establish an institution wide culture for innovation and commercialization. The collaborative efforts of different
campus units and offices involved are also discussed.
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1. Introduction

Southern Illinois University Edwardsville (SIUE) is a student-centered state university located 16 miles east of
downtown St. Louis. The campus houses approximately 14,000 students and offers a wide variety of undergraduate
and graduate degrees including engineering, business, dental medicine, nursing, and pharmacy. The school recently
gained significant recognition and momentum as a prominent higher education institution in the area. The campus
offers great incubation opportunities for startup companies due to its close proximity to St. Louis metro area industrial
base that includes Boeing, Monsanto, Nestle/Ralston Purina, Emerson and Anheuser-Bush.
At present, the campus does not have a formal structure in place neither for educating interested students on
entrepreneurship nor supporting faculty and student inventors to explore commercialization prospects of their ideas.
Furthermore, our interaction with the angel investors, local inventors, and companies seeking technical and/or business
plan support for their proof of concept is limited due to not having an established formal path. The course development
idea suggested in this paper can help us address all of these deficiencies in an integrated way. The incubation of an
entrepreneurship ethos is especially important now as SIUE is on its way to become a nationally recognized institution
of higher education with its economic contribution to the area.

2. Proposed Approach

SIUE proposes the development of a new graduate/undergraduate level interdisciplinary course as the initial step of
establishing a pathway for entrepreneurship. The course titled as Technology-to-Market (TTM): Commercialization
of Technology Innovation & Invention, will be offered with three goals in mind:
1) To jump-start faculty and student led innovation by enhancing the entrepreneurship culture at SIUE;
2) To enhance the university’s technology transfer infrastructure so that SIUE can respond rapidly to proposed
innovations as they are developed by faculty, students, and the business community;
3) To stimulate a flow of students and faculty knowledgeable of the processes of technology transfer and
commercialization of innovations originating in higher education.
The course will evaluate innovative ideas for technologies/products/services and their potential success in the
marketplace. The course will support development of a method for “proof of concept” evaluations based upon
benchmarking similar educational programs. The interdisciplinary student entrepreneurship teams (4-5 teams per
semester, each with 4 members) will be organized and trained to evaluate technologies under the tutelage of the faculty
and select industry experts. Project “deliverables” will be reports that will provide guidance for innovators, including
identification of possible strategic alliance partners, product requirements and features, and needed resources.
Summary reports of course performance will also be of interest to venture capital organizations, economic
development specialists, and university leaders. The course will be housed in the School of Engineering but will be
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open to junior/senior level undergraduate students along with graduate students from the Business School and
professional schools as well as other majors.

3. Course Content

The course content is planned around the following seven topics:
1) Feasibility and proof of concept
2) Market research
3) Financing
4) Legal rules and regulations
5) Leadership and human resources
6) Business planning
7) Operations management
8) Strategy
The course content will be jointly developed by business and engineering faculty members. The engineering faculty
will lead the way in feasibility study/proof of concept and operations management content while the business faculty
will develop the other content. The course will be cross-listed in multiple disciplines to broaden access and
applicability to several graduate/undergraduate degree programs. The teams will be formed by faculty teaching the
course by balancing the teams to ensure multidisciplinary nature and matching student background with the project
ideas on hand. Working in interdisciplinary teams will not only broaden the student’s views on the specific project,
but also allow them to understand the contribution of the different disciplines in the product development and
commercialization process. Support from deans of the Schools of Business, Dental Medicine, Engineering, Nursing,
Pharmacy, and the College of Arts and Sciences will encourage cross-disciplinary faculty participation. As an
institution with strong engineering, business, science, and medical programs, we expect that the potential is high for
bringing innovations to market that will have positive social and environmental impact.

4. History and Context

In literature, there are several approaches proposed to establish entrepreneurship framework in an academic institution.
Student’s perception of entrepreneurship and providing an education on the topic plays an important role (Peterman,
et al., 2003). The characteristics of an effective course on the topic and increasing the intention for commercialization
are summarized in a recent publication (Mueller, 2011). Our approach is similar to the problem based learning system
proposed (Hanke, et al., 2005). The most recent approaches take advantage of the internet based technologies and
proposes Massive Open Online Course (Al-Atabi, et al., 2014) to widen the access.
The regional business climate is very supportive of entrepreneurial efforts with groups such as the Regional Commerce
and Growth Association, the Southwestern Illinois Leadership Council, the St. Louis Arch Angels, Capital Innovators,
an annual Gateway to Innovation conference, and Innovate St. Louis all initiating entrepreneurship education and
support activities. Innovate St. Louis includes two mentoring programs, Innovate Venture Mentoring Service (IVMS)
and IT Entrepreneur Network (ITEN). SIUE Chancellor is a board member of Innovate St. Louis and the Regional
Commerce and Growth Association. There is a newly found interest in entrepreneurship in the region and St. Louis
metro area was one of the top sites in the nation in terms of number of new startups in 2013. One local community,
Highland IL, recently built their own fiber-optic fast internet network to promote IT entrepreneurship in the area.
SIUE is poised to make a real contribution to entrepreneurship education in the region. The idea proposed will be the
first step of having a sound entrepreneurship setup to develop pertinent culture on our campus. Student demand for
entrepreneurship education is growing. Interdisciplinary student teams have made strong competitive entries in SIUE’s
annual “Other 40” competition. SIUE Business School students recently won the premier case study competition of
ACG cup in the Midwest region, outperforming larger and more reputable MBA programs in the area thereby
enhancing the academic reputation of the university. Engineering student teams are ranked in numerous collegial
design competitions. Among students on campus, there is a strong and growing core of entrepreneurs; one university
housing unit has been dedicated to an entrepreneurship living-learning community.
The course projects will serve as a feedback loop into continuous development and improvement in the university’s
technology transfer and commercialization infrastructure. Further, the course will provide a vital link from idea to
actualization of student, faculty, and regional small business innovations/inventions.
In 2013, two business and one engineering professors attended the National Collegiate Inventors and Innovators
Alliance (NCIIA) conference to learn about entrepreneurship education. The follow-up on campus meetings on the
issue with faculty, students, and administrators revealed that there is a strong interest that needs to be matched with
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the establishment of appropriate infrastructure. These professors are now the core project team. Financial support is
requested to provide start-up funding as the course represents an innovative and comprehensive approach to
curriculum development for SIUE. To implement the proposed idea, funding is requested from various sources
1) to provide stipends to design the course material
2) to support student team expenses relevant to feasibility study and proof of concept
3) to provide faculty development to attend the Lean LaunchPad Educators Program

5. Projects

There will be three main sources of projects:
1) Requests to the SIUE Graduate School for university support of patent searches
2) Student innovations
3) Sources external to the University (e.g., technology entrepreneurs, economic development agencies)
Faculty members regularly petition the Dean of Graduate Studies and Research for financial support of patent searches
and protection of intellectual property, some of which appear to have commercialization potential. SIUE currently has
no formal process for evaluating the commercial potential of innovations emanating from research activities.
The SIUE Collegiate Entrepreneurship Organization (CEO) holds an annual business plan competition that encourages
student entrepreneurs to develop their ideas with formal business plans. The competition (called “The Other 40” since
60% of the start-up businesses fail) rewards the best plans, as evaluated by external judges, with awards of cash and
professional services (http://theother40.org). The proposed course would offer additional assistance to competitors in
“The Other 40” as the top ranked proposals will become projects for the course. SIUE also supports student research
and innovation through competitive undergraduate and graduate research awards and through student assistantships
in research. Over the years, Undergraduate Research and Creative Activities (URCA) and Graduate Research Awards
programs generated several innovative projects with commercialization potential. Creation of the new course will
provide incentives for students to consider commercialization of research ideas in their research agendas.
Another source of student innovations will be the senior design projects of the professional schools. Over the years,
there were several graduation projects especially done by engineering seniors with good commercialization prospects.
However, since our students from professional schools have no perspective or education on how to start up a company,
they do not pursue these ideas further. As a result, many good ideas do not realize their full potential. Availability of
this course will surely trigger interest in those who has entrepreneurship in mind. Despite lack of entrepreneurship
infrastructure on our campus, few engineering teams took the initiative in the past themselves and started their own
companies sprung out of their senior design or research projects such as portable wind turbines, google maps based
virtual city view treadmill attachment, novel social media website, etc.
The third proposed source of projects is from angel investors, venture capital firms, or service providers that can
identify regional entrepreneurs who need assistance with market analysis or proof of concept to demonstrate the
commercialization potential of their innovations. In the past, the School of Engineering had several inquiries from
inventors who lived in the area about prototype fabrication, proof of concept and patent application. These projects
would be taken on a fee basis; the fees would then be used to help sustain the course over time.
Depending on the origin of the project idea, the reports submitted by the teams will be shared with different
stakeholders such as faculty members, students, or external innovators/companies. The final reports submitted by the
teams will provide the basis for further meetings with the stakeholders to discuss the details and possible courses of
action. Through this course, we will develop the necessary support mechanism for the promising projects further
explore commercialization thereby create a strong entrepreneurship culture on our campus.

6. The Team and the Partners

We formed a team on campus to implement the idea. The team consists of Dr. Cem Karacal, Associate Dean of School
of Engineering and Professor of Industrial Engineering, Dr. Rakesh Bharati, Professor and Undergraduate Program
Director, Department of Economics and Finance, Dr. Timucin Ozcan, Assistant Professor of Management and
Marketing. Dr. Jerry Weinberg, Dean, Graduate School & Professor of Computer Science; Dr. John Navin, Dean of
Business School, Dr. Hasan Sevim, Dean of School of Engineering, Dr. Janice Joplin, Associate Dean, School of
Business, Director MBA Program will also participate to ensure successful implementation of the course.
The university hosts a growing entrepreneurial ecosystem on campus and nurtures strong regional development
partnerships. In addition to the partnerships listed above with regional entities, the School of Business houses the
Small Business Development Center (SBDC) and the International Trade Center (ITC), both funded through the state
of Illinois. The School of Engineering has well established partnerships with local companies involving collaborations
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on prototype design, fabrication and testing via a 12,000 ft2 fab-lab facility equipped with high-tech production and
testing machines. The school is in the process of significantly expanding its extensive state of the art laboratories
where ideas can be implemented in a test bed setting. A 15,000 sq. ft. engineering student design center construction
is scheduled to start in spring 2016 to support entrepreneurship infra-structure on campus. The National Corn-toEthanol Research Center (NCERC) is located on campus in University Park which provides additional physical
infrastructure on biofuel and bioprocesses related studies.

7. Implementation Plan
Course Development Component
Secure Faculty Commitments
Content Development
Form Community Advisory Board
Secure & Vet Projects
Secure Mentor Commitments
Implement Course

Course Evaluation

Tasks
Identify faculty and provide faculty development
Develop lecture, on-line resources, project
guidelines
Invite members from university units and
community; solicit board’s input on project
objectives and evaluation criteria
Project commitments with project scope, disclosure
agreements, and deliverables for clients
Develop mentors from regional groups with
knowledge and interest in commercialization
Schedule and deliver 1 course section per semester
for the next four semesters.
Evaluate course objectives and deliverables for
continuous improvement and sustainability of the
course over time

Time Frame
Summer 2016
Summer 2016
Summer 2016
Summer 2016
Summer 2016
Fall
2016,
Spring 2017,
Fall
2017,
Spring 2018
Following each
course offering

We expect to offer the course in the fall and spring terms with a maximum enrollment of 20 students each semester.
We expect that project teams of four to five students would be formed so that each team is interdisciplinary and up to
five project teams would be operational each semester.
There is strong commitment to embrace entrepreneurship education and technology transfer at SIUE beyond the course
represented in this paper. The University engaged a consultant in September 2012 to help us review our technology
transfer processes and entrepreneurship education strategies. The consultant recommended development of an
interdisciplinary course like the one described in this study. The consultant’s recommendations were welcomed and
endorsed by university-level and school-level leadership indicating commitment to a path of support for
entrepreneurship education and technology transfer. We expect the course to continue beyond the initial period with
support from the university, its academic units and with additional funding derived from private sector e-team projects.
We believe that the proposed course is replicable using internal resources once the initial offerings through kick-start
funds proved to be successful.
Beyond student evaluations of the course, we will form a Community Advisory Board made up of university members
and community members representative of venture capital, angel investor, regional economic development
organizations, and entrepreneurs. The advisory board will conduct an annual review of:
1) The team projects and outcomes
2) Innovations to university technology transfer/commercialization infrastructure
3) Progress on the evolution of course content and set outcome criteria
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Abstract
Today, the world is called “a big village”. As a result of huge migration from rural areas to urban centers, existing
traffic problems in the metropolitan areas has significantly increased and much effort has been devoted to solving
these traffic problems in city centers. To contribute to solve traffic problem, the public transportation in a city should
be attractive for people in terms of travel time, fare, travel comfort and accessibility. In accordance with these
requirements, nowadays, a variety of transportation projects to make public transport more preferable have been
implemented. Bus Rapid Transit (BRT) system is one of these projects. Istanbul Metrobus system is an example of
BRT systems which began providing service in 2007 and now offers attractive transportation service for people. As a
consequence of this attractive service, Istanbul Metrobus System generated monthly demand averaging 20.000.000
passengers. In order to provide a better service in Istanbul Metrobus System, the effective usage of existing resources
such as buses and drivers is essential at the planning stage. Within this respect, by reducing the daily required number
of drivers, resource allocations can be improved. The drivers in the system are considered as critical due to limited
number of drivers and effort to train a new driver. Due to unsteady passenger demand in a day, required number of
buses and drivers change hourly in a given day which in return makes the driver assignment problem a complex one
when idle capacity is not desired. To solve the problem, a comprehensive mathematical model is developed. During
the modelling phase of driver minimization problem, a day is separated on an hourly basis and hourly required number
of drivers is determined firstly from the passenger demands followed by optimum driver planning in hourly basis. As
result, this mathematical model decreased both the driver planning time and the daily required number of drivers
significantly. The savings in daily personnel requirements are observed as approximately 10%.

Keywords:

Bus Rapid Transit Systems, Mathematical Modelling, Crew Scheduling, Istanbul Metrobüs System

1. Introduction

Transportation is one of the most vital aspects in logistics operations and supply chain management, where goods and
services or people are moved from one location to another. It has gained importance especially when today’s world
has become globalin terms of trade. As the suppliers improved themselves to remain competitive, technological
developments allowed them to find their consumers instantly and also reach them physically by different modes of
transportation. In doing this, however, one should account for the high costs incurred and should be able to provide
with a transportation plan that minimizes the costs. If the supplier is responsible for transportation of people, the plan
becomes more important in that it incorporates additional objective functions like comfort and utility maximization,
or say, objectives defined for people, objectives to be achieved to improve the conditions in which people live and
communicate with each other.
IETT (Istanbul Electricity, Tramway and Tunnel General Directorate), also known as the “old uncle” of Istanbul
transportation, is the largest company of public transportation in Turkey, operating in Istanbul and directly reporting
to Istanbul Metropolitan Municipality. Currently, IETT’s two largest transportation systems are Istanbul Metrobus
System and Istanbul Bus System, carrying around 5 million people a day. In June, 2013, IETT and TUBITAK decided
to do a project named “Flexible Transportation Project” to provide people with more “comfort” in their trips, by
rearranging the lines and adjusting the frequencies of vehicles. The main objective was maximizing the satisfaction
of passengers, where the satisfaction is defined by the area allocated per passenger. In achieving this, however, cost
minimization is also sought, and this can be made in different ways including the determination of optimum labor
requirements. Labor force consists of people from lots of different job types in transportation sector. But, the main
component of the total cost in bus systems is the cost of drivers.
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For the Metrobus System, in order to be able to transport around 850.000 people per day certainly becomes a challenge
when the system needs to deal with continuously increasing number of people even though the capacity limitations
and resources remain the same. The number of drivers required should be determined on both daily and weekly bases,
and there are other restrictions like EU standards urging a lower bound on the number of drivers plus government
based regulations. For instance, EU regulations require an average number of 2.47 drivers per vehicle per day.
A significant number of studies and efforts have been devoted to the optimized transportation systems and
determination of optimal worker/driver numbers to assign to jobs and operations. Anthony and David Wren (1995)
use a genetic algorithm that works like a branch and bound algorithm and finds the optimal solution in a daily basis.
They also provide feasibility analysis and mention to main hardships faced when trying to modify the model to
comment more precisely on real life situations.
In another study, Fores, Proll and Wren (2002) come up with a developed software combined with a heuristic and
mathematical model that suggests decisions to user once the user defines different parameters such as demand and
number of vehicles in the system. They claim that the model embedded in the software is built as an IP model and is
able to be implemented in very large bus problems.
Related with the optimization of public transport within a city, Steven (2003) used the genetic algorithm approaches
for optimization of the routes; Legera et al. (2014) studied the capacity constraints and the cross-sectional distribution
of passengers’ travel time in the Singapore BRT system. While Leiva et al. (2010) carried out work with the corridorcapacity of the BRT system in Santiago (Chile),Widanapathiranag et al. (2014) carried out the work which modelling
the waiting times at stations and station capacities in the BRT system.
Adwani and Tiwari (2006) concern with the improvement strategies to enhance rapid bus transit systems to provide
the customers/passenger with more quality services which helped us to observe the relationship between the Metrobus
System and labor force assignment in a more concrete way.
This paper is structured as follows. It starts with a summary of previous research in this ﬁeld. Section 2 discusses
theoretical approaches and the mathematical modelling which minimizes the number of drivers in BRT systems. While
the section 3 compares the optimization and conventional approaches and the results of these two distinct approaches
on the sample problem. The last part addresses possible modelling approaches which can be applied on BRT systems.

2. METHODOLOGY AND MATHEMATICAL MODELLING
The Parameters
Bi: the number of hourly required buses between the hour of i and i+1
K: Maximum shift duration
L: First part of the shift with break
T: Total planning time
M: Break time within a shift
N: Number of required total drivers in the system
Bus services are operated by 4 different modes. The bus working modes are as follows;
1) Mode 1 (single shift operation): The bus is utilized in a service only by a single driver during the entire shifts.
These shifts are usually 8 hours and are regulated by local authorities. In this operation mode, the driver takes the bus
from the garage, works during the entire shift without any break and returns bus to the garage at the end of the shift.
In this case both driver and bus are utilized at the same hours.
2) Mode 2 (two shift operations): The bus comes into the garage after 8 hours to start another service. As soon as
the bus comes into the garage, the driver of the bus is changed immediately and the new driver works 8 hours without
any break. Totally, the bus in this mode works 16 hours in a day without any break. 2 drivers are working throughout
the day in the same car.
3) Mode 3(two shift operations with garage break time): The bus comes into the garage after 8 hours to start
service. As soon as the bus enters the garage, the bus stops and after a break of minimum 1 hour, the new driver takes
over the bus and works 8 hours without any break.Totally, the bus in this mode is reserved for the service minimum
17 hours in a day. 2 drivers are working throughout the day in the same vehicle.
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4) Mode 4 (single shift operation with mid-shift break): The bus comes into the garage after 3 hours to start service.
As soon as the bus enters the garage, the bus stops and after a break of minimum 1 hour and maximum 4 hours, the
same driver works 5 hours without anybreak. Totally, the buses in this mod are reserved for the service minimum 9 –
maximum 12 hours in a day. 1 driver is working throughout the day in the same bus.

Mode1

Driver 1 K hours

Mode2

Driver 1 K hours

Mode3

Driver 1 K hours

Mode4

Driver 2 K hours
Garage
Time
T

M hours Mid-shift
Break Time

Driver 1 L hours

Driver 2 K hours

Driver
Time 1 K-L hours

Figure 1: The working modes of the services
The buses that work in the modes 1,2 and 3 have shifts without any mid-shift breaks. The services in mode 2 and
mode 3 require 2 drivers in a day. The working blocks in mode 1, mode 2 and mode 3 can be modelled as identical
blocks.
The problems turn out to be determination of drivers that work without any mid-shift break and determination of
drivers with mid-shift break. These driver numbers are selected as decision variables. The mathematical model of the
determining optimum daily required number of drivers as follows:
Critical Parameters:
Bt: the number of busses needed in the service at time t
K: duration of a shift
L: is the first part service duration of mode 4 operations
M: the duration of mid-shift breaks in mode 4
T: Total service time offered by the transportation system
The Decision Variables:
Xt: the number of drivers starts working at time t without any mid-shift break
Yt: the number of drivers starts working at time t with mid-shift break
Zt: the number of drivers returning service after mid-shift break
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3. Sample Problem and Comparison of the Optimization and Conventional Approaches
For a sample case, a Saturday trip in BRT system of Istanbul has been analyzed. The hourly trip made on a typical
Saturday has shown in figure 2. In the sample problem, T is assumed as 19 hours per day.
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Figure 2: Hourly Passenger Demand in a Saturday
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The hourly bus requirements (Bt) are calculated to achieve a certain service level. The service level is measured by
taking the ratio of the people demanding the service and the passenger capacity offered (occupancy rate). Six different
lines are operating in this BRT system. Each has different routes. Some of lines are overlapping lines meaning that
servicing the same stations in the system. The hourly bus requirements are given in Table 1 and Figure 3.
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Figure 3: Hourly Required Number of buses in a Saturday
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In this study, X can denote mode 1,mode 2 and mode 3, while Y denotes mode 4. For example, if a bus starts to service
in 06.00 and if it is not servicing in mode 4, it is symbolized in mathematical model as X6. This bus will continue to
service until 14.00 where K is planned as 8 hours of shift time in this sample problem. As soon as the bus comes into
garage, if the drivers of the bus are changed immediately and the new driver starts to perform at 14.00, the bus is
denoted as X14.In this case, X6 and X14 are jointly denote the mode 2 (i.e. two shift) operations.
If a bus starts to service in 06.00 and similar to above case if it is known that the bus doesn’t service in mode 4, it is
described in mathematical model as X6. This bus will continue to service until 14.00 (where K is planned as 8 hours
of shift time in this sample problem). After 14.00, if the bus finishes to service throughout the day, this service mode
describes mode 1 (i.e. single shift) operation.
If a bus starts to service in 06.00 and similar to above cases it is known that the bus doesn’t service in mode 4, it is
described in mathematical model as X6. This bus will continue to service until 14.00 (where K is planned as 8 hours
of shift time). After the bus comes into garage, the bus stops and breaks for minimum 1 hour. After break, the new
driver takes the same bus and starts new service, the second driver denoted as X15. The new driver works for K hours
(in the sample case K=8 hours) and this service mode (X6 and X15 are jointly form mode 3) is described as mode 3
(i.e. two shift with break) operation.
If a bus starts to service in 06.00 and if it is known that the bus service in mode 4, it is denoted in mathematical model
as Y6. After 3 working hours (in the sample case it is assumed that the first working period of the mode 4, L, is 3
hours), it enters the garage and breaks for maximum M hours (in the sample case M is assumed as 4 hours), after the
break, the same driver and same bus starts to service at 13.00 and is denoted as Z13 (if is assumed that the break is 4
hours, in some cases may be lower than 4 hours), this driver works for (K-M) hours (in the sample case, K-M= 5
hours). This service mode is mode 4.
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3.1. Driver-Line Planning by Conventional Approach
When driver assignment is handled by conventional approach, the driver to the lines can be assigned as follows
Line 1: 48 services assigned in mode 2 and 20 services assigned in mode 1. To handle these service requirements,
116 drivers are required per day.
Line 2: 80 services assigned in mode 2 and 34 services assigned in mode 3. To handle these service requirements,
228 drivers are required per day.
Line 3: 30 services assigned in mode 2 and 20 services assigned in mode 1. To handle these service requirements, 80
drivers are required per day.
Line 4: 70 services assigned in mode 2 and 30 services assigned in mode 3. To handle these service requirements,
200 drivers are required per day.
Line 5: 20 services assigned in mode 2. To handle this service requirement, 40 drivers are required per day.
Line 6: 30 services assigned in mode 2 and 10 services assigned in mode 1. To handle these service requirements, 70
drivers are required per day.
When conventional approach is performed to assign drivers, the number of required drivers within a day is 734.
3.2) Driver-Line Planning by Optimization Approach
Bus assignment can be carried out based on the mathematical model which shared above. The expansion of the
mathematical model for the sample problem, the expansion can be seen as follows:
THE EXPANSION OF MATHEMATICAL MODEL FOR LINE 4
MINZ=(X6+X7+X8+X9+X10+X11+X12+X13+X14+X15+X16+X17+Y6+Y7+Y8+Y9+Y10+Y11+Y12+Y13+
Y14+Y15+Y16)
B6
B7
B8
B9
B10
B11
B12
B13
B14
B15
B16
B17
B18
B19
B20
B21
B22
B23
B24

=50;
=100;
=100;
=70;
=70;
=70;
=70;
=70;
=70;
=70;
=70;
=100;
=100;
=100;
=80;
=60;
=60;
=60;
=20;

X6+Y6>=B6;
X6+X7+Y6+Y7>=B7;
X6+X7+X8+Y6+Y7+Y8>=B8;
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X6+X7+X8+X9+Y7+Y8+Y9>=B9;
X6+X7+X8+X9+X10+Y8+Y9+Y10+Z10>=B10;
X6+X7+X8+X9+X10+X11+Y9+Y10+Y11+Z10+Z11>=B11;
X6+X7+X8+X9+X10+X11+X12+Y10+Y11+Y12+Z10+Z11+Z12>=B12;
X6+X7+X8+X9+X10+X11+X12+X13+Y11+Y12+Y13+Z10+Z11+Z12+Z13>=B13;
X7+X8+X9+X10+X11+X12+X13+X14+Y12+Y13+Y14+Z10+Z11+Z12+Z13+Z14>=B14;
X8+X9+X10+X11+X12+X13+X14+X15+Y13+Y14+Y15+Z11+Z12+Z13+Z14+Z15>=B15;
X9+X10+X11+X12+X13+X14+X15+X16+Y14+Y15+Y16+Z12+Z13+Z14+Z15+Z16>=B16;
X10+X11+X12+X13+X14+X15+X16+X17+Y15+Y16+Z13+Z14+Z15+Z16+Z17>=B17;
X11+X12+X13+X14+X15+X16+X17+Y16+Z14+Z15+Z16+Z17+Z18>=B18;
X12+X13+X14+X15+X16+X17+Y16+Z15+Z16+Z17+Z18+Z19>=B19;
X13+X14+X15+X16+X17+Z16+Z17+Z18+Z19+Z20>=B20;
X14+X15+X16+X17+Z17+Z18+Z19+Z20>=B21;
X15+X16+X17+Z18+Z19+Z20>=B22;
X16+X17+Z19+Z20>=B23;
X17+Z20>=B24;
Y6>=Z10;
Y6+Y7>=Z11;
Y6+Y7+Y8>=Z12;
Y6+Y7+Y8+Y9>=Z13;
Y7+Y8+Y9+Y10>=Z14;
Y8+Y9+Y10+Y11>=Z15;
Y9+Y10+Y11+Y12>=Z16;
Y10+Y11+Y12+Y13>=Z17;
Y11+Y12+Y13+Y14>=Z18;
Y12+Y13+Y14+Y15>=Z19;
Y13+Y14+Y15+Y16>=Z20;
Y6+Y7+Y8+Y9+Y10+Y11+Y12+Y13+Y14+Y15+Y16=Z10+Z11+Z12+Z13+Z14+Z15+Z16+Z17+Z18+Z1
9+Z20;
If we assign the buses in accordance with mathematical model, the detailed results as follows:
Line 1: 16 services assigned in mode 3, 22 services assigned in mode 1 and 52 services assigned in mode 4 To handle
these service requirements, 106 drivers are required per day.
Line 2: 39 services assigned in mode 3, 16 services assigned in mode 1 and 108 services assigned in mode 4. To
handle these service requirements, 202 drivers are required per day.
Line 3: 10 services assigned in mode 3, 20 services assigned in mode 1 and 50 services assigned in mode 4. To handle
these service requirements, 90 drivers are required per day.
Line 4:30 services assigned in mode 3, 17 services assigned in mode 1 and 100 services assigned in mode 4. To handle
these service requirements, 177 drivers are required per day.
Line 5:12 services assigned in mode 1 and 20 services assigned in mode4. To handle these service requirements, 32
drivers are required per day.
Line 6: 17 services assigned in mode 2, 10 services assigned in mode 1 and 15 services assigned in mode 4. To handle
these service requirements, 59 drivers are required per day.
When the optimization procedure is performed to assign drivers, the number of required drivers within a day is
obtained as 666.
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4. Results and Conclusions

In this study two approaches have been compared to assign bus drivers under the same condition. The optimization
approach requires 666 drivers to handle the required number of drivers, while the conventional approach requires 734
drivers. The required bus drivers can be shortened by 68 drivers per day. This gain can be reported as 9.2% decrease
in driver requirements, same percentage driver cost savings in a day. Although the optimizations models are not
commonly used in BRT systems, in the near future, the mathematical modeling methods will be applied in modeling
of dwell times, bus queues in stations, assignments of the buses to the services, driver assignments to the buses,
assignment of the buses to the garages and other similar operations.
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Abstract
Disruptive innovation theory is based on the fact that the reasons that lead to a firm’s success can also play a significant
role in its failure. When technology and market experience a change, established companies are always well-ahead of
their industries in leading both incremental and radical innovations that address the future needs of their existing
customers. However, the same companies fail in the introduction of new technologies that don’t meet their customer’s
need. Disruptive innovation introduces a very different value proposition into the market. With the advent of disruptive
innovation, disruptive technologies underperforms in the mainstream market with the existing products. However,
they have other attributes which are valued generally by new customers. When disruptive technologies emerge, many
leading firms that have been successful in excelling at sustaining innovation, found themselves on the threshold of a
new and harsh competition with which they were unfamiliar. In this study, disruptive innovation will be elaborated
from different angles such as strategic orientation, organizational capabilities, and diffusion process of this new
phenomenon, with various examples from diverse industries throughout the world. By doing so, this study intended
to reveal the powerful influence of disruptive forces in industries by changing face of competition.
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Innovation, disruptive innovation, strategic orientation, organizational capabilities

1. Introduction

Innovation has undoubtedly a crucial role in providing market share, revenue, growth and profit at the organizational
level. Therefore, innovation strategy is considered as the key element of corporations’ overall strategy. Strategy is to
form unique and valuable position by involving a different set of activities (Porter, 1996) Difference is the heart of
strategy in order to hold an entirely idiosyncratic position while meeting the needs of market. Strategy gives
corporations a clear direction over the long term. Nevertheless, once strategic positioning is identified, sustaining
strategic position requires relentless set of activities. In this respect, innovation determines where and when it is needed
and what type of innovation is required to implement. In that manner, common approach tells the business leaders to
listen their best customer and direct investments in products which target attractive profit margin. However, this
approach ends up in ignoring emergence of disruptive forces and finally, causes the demise of the companies.
Disruptive innovation was firstly introduced as disruptive technology by Christensen (1997). Disruptive technology
was a product and technology oriented approach and concentrated mostly on new technologies in its first presentation.
Later on, the term was widened as disruptive innovation by including not only reflecting technological approach but
also services and business model innovations.
The concept of disruptive innovation explains the failure of established companies when they encounter certain
changes in the market. Basically, three main factors play a significant role in leading companies to the failure. This
failure stems from the methodological difference in pursing sustaining and disruptive technologies, the rate of
improvement that customers can utilize or absorb in the market and the revenue and the cost structure of established
companies (Christensen and Raynor, 2003).
Christensen and Bower (1996) define that both incremental and radical innovations are sustaining in character. They
seek improved performance and satisfy the needs of mainstream customer in existing market. Sustaining innovations
take the current dimensions of established products into account and try to increase the product performance and bring
out better products into the market. Conversely, disruptive innovation serves a very different value proposition. At the
beginning of its introduction, disruptive technologies underperform the existing product in the mainstream market.
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However, they have other attributes which generally new customers value. The common characteristics of disruptive
technologies are to be cheaper, simpler, smaller and having ease of use (Danneels, 2004).
Christensen (1997) argues that technological progress is faster than the market demand. Since the rate of improvement
that customers can utilize or absorb is lower than the presented performance, the suppliers mostly overshoot the
market. On the other hand, disruptive technology which has lower performance in characteristic today intercepts the
demand of the tomorrow’ s market because of the improvement on given disruptive technology itself.
At the first emergence of disruptive technology, profitability is not generally favorable for the desired growth in
established companies. Besides, disruptive technologies emerge in small and insignificant markets so that the
established companies which deal with their best and profitable customers show no interest to these least profitable
customers in the market (Christensen and Raynor, 2003)
In this study, disruptive innovation will be investigated from different point of views which take strategic orientation,
organizational capabilities, and diffusion process of this new phenomenon into account. On the other hand, this study
shows the powerful influence of disruptive forces by setting up new performance dimension in industries.

2. Strategic Orientation and Migrating Towards High-End Market

Strategic orientation is the direction to where firms want to go. In terms of determining innovation activities according
to its strategic orientation, Slater and Mohr (2006) propound that developing and commercializing disruptive
innovation is strictly related to the interaction among a firm’s strategic orientation, its target market it selects and its
market orientation. Firms develop skills in line with their specific strategy types. Firms which are more likely to
develop sustaining technologies are successful in satisfying mainstream customer whereas firms possess the resources
and capabilities to develop disruptive innovations are successful at reaching innovator and early adopter segment.
Nevertheless, as much as market strategy, another factor which determines a firm’s ability in developing technological
innovation is to understand both current and potential customer needs. They conclude that developing and
commercializing disruptive innovations successfully depend on in reaching more than just a niche market of
innovators and early adopters.
Migrating towards high-end market and searching for the improved profitability seem to be very attractive in leading
companies. The main reason of this intrinsic behavior is due to the resource dependence and resource allocation
processes that direct the resources to promising higher margins.
Resource dependence means that organizations need critical resources that enable them to survive. Resource
Dependence Theory suggests that how external sources such as external customers and investors affect organizational
behavior (Pfeffer and Salancik, 1978).
Resource Dependence has a power to control on which and how resources should be allocated to innovation.
Consistent with the Theory of Resources Dependence, customers and investors always direct companies to
investments that satisfy their own needs. It is very difficult to invest in technologies which meet their tomorrow’s
needs right away. On the other hand, moving down-market is in contradiction with that perspective (Christensen,
1997).
Within the resource allocation process approach, Joseph Bower (1970) firstly stated that innovative ideas come from
the bottom, thus, middle managers play a very crucial role in viewing and shaping these ideas.
Therefore, projects that target at the need of current customer, explicitly always win over the projects for the market
which does not exist. Best resource allocation process is defined to eliminate the ideas that do not serve to the needs
of current market. Consequently, disruptive ideas never supply a significant share of resources and grow. Listening
too carefully to customers and directing resources in order to bring higher-performance into the market and higherprofit to the organization are the main reasons of why great companies fail when they confront with disruptive
technology (Christensen and Bower, 1996).
Low-cost carriers which operate based on cost leadership and utilize point-to-point structure set a good example of
how strategic orientation of some companies change the industry, completely. After the liberalization process in
countries, many low-cost carriers have started to operate and have gained significant market share, rapidly.
RyanAir, Easy Jet and Southwest Airlines are the major airlines which offer a low-cost model to their customers, by
minimizing operational cost with the aid of high aircraft utilization, quick turnaround times and offering much lower
fares than full services carriers. With a new business structure which focuses only on transportation activities and
removes other additional services, low-cost carriers played a significant role in stimulating air transportation demand
in the world. The model attracted both air passengers and non-passengers by the redefinition of air-travel practice.
Low-cost carriers have successfully identified that what prospective airline customer value and accordingly, generated
new value proposition to them. For example, RyanAir had the strongest growth with 6.7 % in 2013, followed by
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British Airways with 3.6 % and Lufthansa with 2.3 %. Along with the strong growth rates, Ryanair also announced
11.6 % net margin whereas British Airways had net margin of 2.48 % in 2013 (ICAO, Air Transport Yearly Monitor,
2013).
Southwest Airlines is another low-cost carrier which disrupted many incumbents operating in the U.S. The company
had a different business model than other full-service carriers and propelled into new segments. As a result, domestic
market share of Southwest Airlines reached 16.9 %, followed by Delta with 16.8 % and United with 15.1 % in 2014
(U.S Domestic Airlines Annual Report, 2014).

3. Organizational Capabilities
The organizational capability has been explained with core competencies of an organization framework since it was
introduced to the literature for last decade. Core competencies are considered as one of the main elements of
innovativeness of the organization. The word “core competence” was firstly put forward in 1990 (Prahalad and Hamel,
1990).
According to Prahalad and Hamel (1990), the core competencies of company are the integration of various resources
and skills that differentiate a firm in competitive environment. Core competencies are based on taking advantages of
collective learning in the organization. They take long time to build and are the result of continuous improvement and
enhancement. Core competencies are likely to broaden the scope of innovation in the organization. Exploiting existing
core competencies lead to create new products and new ways of doing things.
When an organization confronts with a technology change, determining whether it is competent or incompetent, three
factors are able to affect the capabilities of organization; resources, processes and values (Christensen, 1997).
Resources are the most visible factors such as people, technology, brands and cash. Since resources are the factors
which create different outcomes, processes and values are most likely to affect the organizational capabilities
compared to resources.
Organizations create value as a result of transformation of resources into products or services. Processes are the whole
interaction, coordination, communication and decision-making in order to achieve a result (Garvin, 1998). They create
the culture of an organization and define a capability structure. A process defines a capability in executing a certain
task (Dorothy 1992). On the other hand, processes delimit the organization in terms of performing a different task.
Therefore, inflexible processes carry serious disabilities in change (Christensen 1997).
The third factor that affects organizational capability is its values. Values reflect the priorities in an organization but
at the same time it reflects companies’ cost structure or its business model. Every company is established to gain
money and reach acceptable gross margin. As the company improves its product performance, it adds additional cost
on the products as well. Therefore, while gross margin is acceptable in one point, it cannot be sustainable in latter
points. Eventually, the values of company come to change. Another value change is observed while maintaining a
constant rate of growth. Big companies always pursue a growth rate that enables them to grow, steadily. An
opportunity can be found very attractive by a small company but a large organization shows no interest because of not
meeting its growth needs (Christensen, 1997).
Consequently, the processes and values are the factors constitute disabilities in achieving disruptive innovation as
well.
The story of Polaroid clearly illustrates how organizational capabilities limit organization’s possible future actions.
Polaroid is an American company which have started to operate in photograph industry in 1937. In time, Polaroid has
focused on developing capabilities on instant photography and has strengthen its position in the industry. The company
was technologically-driven and its instant photography technology was unexcelled. Along with the aid of razor/blade
pricing model, the company achieved great success in financial results as well. With the advent of digital imaging,
Polaroid was able to develop technologies in line with this new demand. On the other hand, the company had
difficulties to change its executive’s cognition on instant photography which caused inertia. Polaroid was not able to
shift its running business model to new emerging digital imaging technologies (Tripsas and Gavetti, 2000).

4. Diffusion Process of Disruptive Innovation

By investigating the diffusion process of the disruptive innovation, Schmidt and Druehl (2008) suggested a
complementary framework and used the term “encroachment”. Encroachment defines a situation that the new product
takes sales from the old product. Low-end encroachment is explained in the way that where the new product first
displaces the old product in the low-end of the old product market and then diffuses upward. On the other hand, highend encroachment starts at the high-end of the old product market. In the low-end market, customers are lowest
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willingness to pay, whereas high-end market’s customers are highest willingness to pay. High-end encroachment is
consistent with the sustaining innovation activity in contrast with the low-end encroachment.
They outlined that both new market and low- end disruption, as they were defined by Christensen, result in the patterns
suitable to low-end encroachment diffusion process. The new product takes sales away from the old product either
immediately which refers to low-end disruption or after opening up a new market which refers to new-market
disruption.
Low-end disruption is divided into three categories; immediate low-end encroachment, fringe-market low-end
encroachment and detached market low-end encroachment.
If the innovation starts to sell existing low-end market, it is called immediate low-end encroachment. If innovation
opens up a new market and new market is on the fringe of the old market; it shows the pattern of fringe-market lowend encroachment which is the market’s choice is slightly different from the old market’s choice. Lastly, the new
market can be detached from the old market and the preferences of the new market are so different from the old market.
Low-end encroachment theory is consistent with Disruptive Innovation Theory in terms of describing the alternate
means of the phenomena. Additionally, they concluded that disruptive innovation does not need to totally displace the
existing market although it has a great impact on the market (Schmidt and Druehl, 2008).
Amazon is the world’s largest online retailer and one of the first multinational e-commerce companies. It has started
operating as a bookseller in 1995 and has branched out into additional product areas. As an innovator of the
fundamental profit model in book retailing, Amazon has changed retailing practice, completely.
Amazon has soon started other internet services such as cloud computing, publishing, etc. Kindle and its related
services are the main focus among Amazon offerings. Amazon has continued disrupting the current tablet market with
its Kindle product and its cloud computing infrastructure. Now, Amazon is one of the web’s largest retailer in terms
of revenue basis by focusing on the customer. Repeat customers account for approximately 60% of Amazon’s orders
because of the highest level of customer satisfaction (Noren, 2013)

5. Conclusion

Defining innovation as either incremental or radical is the most prevailing way in classifying innovation activities.
While incremental innovation introduces small changes to the current product and helps maintain the dominance of
established companies, radical innovation is fundamentally different from incremental innovation. It creates totally
significant changes in processes, products or services and generally transforms existing market or opens up new
markets. Sustaining technologies contribute to the rate of improvement in terms of giving customers more or better
performance. However, disruptive technologies introduce other benefits and offer different attributes which appeal to
small and emerging markets (Christensen and Bower, 1996). Disruptive technologies address the market that is
unknown in advance. Many companies are very skillful at managing sustaining technologies by analyzing and
planning actions. Conversely, disruptive technologies cannot be predicted with the same methodology. Disruptive
innovation involves products, services or approaches that transform existing market or create new ones by trading off
raw performance in the name of simplicity, convenience, affordability or accessibility. The main aim of disruptive
innovations is not to bring the best performance product or service to current customers. Conversely, the aim is to
bring lower performance products or services to market by introducing other benefits such as being cheaper, having
ease of use for current and/or new customers.
Once the disruptive innovation emerges in new or low-end market, the improvement progress starts to work out and
since the pace of technological progress goes beyond the customer’ s ability, it intersects with the needs of more
demanding customers. This is the point that where the disruptor starts to override the incumbents.
Danneels (2004) emphasizes that the core of disruptive technology is to change the performance metrics along which
firms compete. These performance metrics are generally tending to be simpler, cheaper, more reliable and more
convenient than established technologies. Since disruptive technologies introduce different product attributes that
were not valued before, they change the bases of competition and disruption occurs when the performance trajectories
of disruptive technology intersect with the trajectory of performance in the mainstream market (Christensen and
Raynor, 2003).
Disruptive innovations have had powerful impact in industries from travel to retailing, photographing to health care.
Focusing on practices shows us the major influence of disruptive innovation in changing the performance metrics of
industries and the importance of recognizing this transformations at an early point.
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Abstract
Decision makers facing project selection decisions have a continuing need for quantitative methods that enable
informed decisions to be made in the midst of system complexity. With their special and critical implications, different
humanitarian interventions should be carefully assessed under multiple and well defined criteria to maximize the
overall tangible and intangible benefits of the humanitarian action. This research aims to analyze the decision making
process in the context of humanitarian aid activities and proposes a decision aid tool for the prioritization of
humanitarian activities under multiple criteria. The interventions of the Humanitarian Relief Foundation (IHH) with
Syrian refugees are taken as a case study. Sixteen criteria grouped into five main parent criteria are considered to
evaluate sixteen alternatives grouped into four main areas of interventions: social assistance, food assistance,
sheltering assistance, and healthcare assistance. To handle the imprecise estimation of the subjective measures, a
hybrid AHP and fuzzy TOPSIS is used for the model analysis. The results highlights the relevance to needs as the
most important criteria. Social assistance has gained the highest priority according to the model results. The study also
proposes a general model for budget allocation decisions based on the elicited priorities of different activities.

Keywords

Multi criteria decision making, humanitarian aid prioritization, project management

1. Introduction

Decision makers facing project selection decisions have a continuing need for quantitative methods that enable
informed decisions to be made in the midst of system complexity. With their special and critical implications,
humanitarian interventions should be carefully assessed under multiple and well defined criteria to maximize the
overall tangible and intangible benefit of the humanitarian action. The subject of humanitarian needs assessment, and
the link between assessment and decision-making, is relatively under explored (Darcy and Hofmann, 2003). While a
considerable amount has been written about the methodological and technical issues involved in humanitarian acts,
less thought has been given to the basic rationale for assessment, the kind of information that is generated, and the
way in which this is used in agency and donor decision making.
In the last decades, natural and man-made disasters are becoming more frequent in many countries throughout the
world. While earthquakes, floods, and drought happen frequently in eastern Asia, western Latin America, and south
Africa; the Middle East is a hot place for conflicts and long lasting wars. "In the Middle East and North Africa (MENA)
region there are multiple outbreaks of violent conflict and social unrest, and forced displacement is common"
(OCHA,2014). One of the most catastrophic crises in the Middle East is the Syrian ongoing conflict started since
2011. The Syria conflict has triggered the world's largest humanitarian crisis since World War II (EC, 2015).
Humanitarian needs continue to rise, population displacements continue, and an entire generation of children is being
exposed to war and violence, increasingly deprived of basic services, education and protection.
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For geographical and political reasons, Turkey has been regarded as one of the most attractive destinations for Syrian
refugees. In April 29, 2011, the first Syrian refugees crossed the border into Turkey. Two years later, the country hosts
some 600,000 Syrian refugees—200,000 of them living in 21 refugee camps with an additional 400,000 living outside
of the camps. As of year 2015, the European Commission EC (2015) reported a total number of 7.6 million internally
displaced Syrian citizens and 3.9 million refugees to the neighboring countries the majority of which (45%) are located
in Turkey.
Syrians have fled to Turkey in search of safety from a horrific conflict. The Turkish people and the government,
mainly through the Prime Ministry’s Disaster and Emergency Management Presidency (AFAD), responded
generously to the refugees, offering them sanctuary and hospitality. But as the conflict intensifies – with no end in
sight – and as the resources of the Turkish government and society are stretched thin, questions arise about the limits
of Turkey's hospitality. The continued deterioration of the situation inside Syria is putting enormous pressures on
Turkey’s ability to manage the refugee situation within its borders as well as its capacity to ensure the continued flow
of humanitarian assistance into Syria. Accordingly, the need for planning the allocation of limited resources to such
increasing number of beneficiaries serves as an immense priority.
The Humanitarian Relief Foundation (IHH) is one of the most popular Turkish NGOs in the humanitarian relief area.
IHH is active in more than 100 countries. It was established in 1992 and provides humanitarian relief in areas of war,
earthquake, hunger, and conflict. IHH has been undertaking various relief efforts since March 2011 in order to provide
those who have been displaced within Syria and Syrian refugees who have sought asylum in neighboring countries
such as Turkey, Lebanon and Jordan with basic supplies such as shelter, food and healthcare. Relief supplies are
delivered to Syrians through IHH Coordination Offices in Kilis and Reyhanlı, Hatay as well as with 60
nongovernmental organizations within Syria. Interventions with Syrian Refugees are taken as a case study in this
research.
This study proposes a decision aid tool to assess the priorities of different humanitarian activities under multiple
criteria. As a case study, the model is applied on prioritizing IHH interventions with Syrian refugees. The evaluation
criteria are derived both from decision makers inside the IHH as well as published humanitarian reports. The study
also proposes a general budget allocation model based on the activities priorities elicited from the multi-criteria
decision aid tool.
The reminder of this study is organized as follows: section two reviews relevant studies and publications found in the
literature. Section three describes the methodology followed in the decision problem structuring, assessment, and
analysis. In section four, a general priority-based model for budget allocation is proposed. Results and computational
analysis are discussed in section five. Finally section six concludes and gives recommendations for future research.

2. Literature Review

The ODI (Overseas Development Institute) stated that when rapid decisions about crisis response in humanitarian aid
are required to be done by decision makers, they have a tendency to excessively depend on recommendations from
people they trust rather than using a structural decision making technique (Darcy et al., 2013). The kind of decisions
made to carry out humanitarian aid projects are addressed by Darcy et al. (2013) who mentioned that there are four
kinds of decisions associated with humanitarian crisis response: strategic decisions (general resource allocation),
program design decisions (targeting), planning and micro resource allocation decisions (what resources, and how to
allocate them) and operational decisions (implementation and modification). Moreover, humanitarian decision makers
used different kinds and sources of information and data that can be classified in three groups: information regarding
to pre-crisis (such as vulnerabilities or living pattern), information with respect to the nature of an evolving crisis (such
as forewarning and evaluation of data), and evidence relating to what runs in response to specific types of crisis, as
well as best practice, standards, protocols, etc.
The literature states that there are important criteria to be considered in the decision making process. For instance,
speed and readiness are important factors for effective decision making on humanitarian aid and disaster relief
management (Roh et al., 2013; Darcy et al., 2013). Darcy & Hofmann (2003) declare that humanitarian response is
affected by several factors. For example, the lack of clear organizational criteria boosts the inconsistency of practice
and impedes effective coordination of response, a poorly coordinated needs analysis results in a weakly coordinated
prioritization by decision making agencies and donors, the lack of available information also influence the incompetent
information sharing, objectivity of analysis and independent evaluation capacity is usually carried out by operational
agencies according to a request for funding. As a result, inconsistent information in quantity and quality provides
deficient evaluation for needs-based decision-making.
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According to Darcy and Hofmann (2003), there is no agreed system-wide basis for comparing the severity of different
situations and prioritizing response accordingly. The Active Learning Network for Accountability and Performance
(ANLAP) in Humanitarian Action published a guide to provide practical support on how to use the Development
Assistance Committee (DAC) criteria, published by Organization for Economic Cooperation and Development
(OECD) in 1999, in the Evaluation of Humanitarian Action EHA (ANLAP, 2006). Table 1 summarizes the definition
of DAC criteria alongside with main situations in which each criterion can be used.
Table 1: Definition of the Development Assistance Committee (DAC) criteria for Humanitarian projects (ANLAP,
2006)
Criterion
Definition
Main use
Relevance is concerned with assessing whether the project is
Relevance/
in line with local needs and priorities (as well as donor All evaluation types except
Appropriateness policy). Appropriateness is the tailoring of humanitarian those with a mainly
activities to local needs, increasing ownership, accountability institutional focus.
and cost-effectiveness accordingly.
Connectedness
Connectedness refers to the need to ensure that activities of a
short-term emergency nature are carried out in a context that Evaluations
assessing
takes longer-term and interconnected problems into account. institutional structures and
partnerships.
The need to assess security, developmental, trade and military
Coherence
policies as well as humanitarian policies, to ensure that there Joint evaluations, large-scale
is consistency and, in particular, that all policies take into evaluations and those with a
account humanitarian and human-rights considerations.
focus on policy.
Coverage
The need to reach major population groups facing life- All evaluation types except
threatening suffering wherever they are.
those with a mainly
institutional focus.
Efficiency measures the outputs – qualitative and quantitative
Efficiency
– achieved as a result of inputs. This generally requires All evaluation types where
comparing alternative approaches to achieving an output, to adequate
financial
see whether the most efficient approach has been used.
information is available.
Effectiveness measures the extent to which an activity
Effectiveness
achieves its purpose, or whether this can be expected to Single-sector or singlehappen on the basis of the outputs. Implicit within the agency evaluations.
criterion of effectiveness is timeliness.
Impact
Impact looks at the wider effects of the project – social,
economic, technical, and environmental – on individuals, Multi-sector, multi-agency
gender- and age-groups, communities and institutions. evaluations;
joint
Impacts can be intended and unintended, positive and evaluations;
sector-wide
negative, macro (sector) and micro (household).
evaluations.
According to the (OECD, 1999), the standard DAC evaluation criteria of efficiency, effectiveness, impact,
sustainability and relevance are broadly appropriate for humanitarian assistance programs. However, their
applicability to humanitarian assistance being provided in the context of complex emergencies may be increased
through elaboration of certain criteria and the addition of complementary sub-criteria. Two sub-criteria were added in
the case of emergencies assistance. The first one is coordination, since the intervention of a single agency cannot be
evaluated in isolation from what others are doing, particularly as what may seem appropriate from the point of view
of a single actor, may not be appropriate from the point of view of the system as a whole. The second one is protection,
understood as the assessment of the levels of security and protection in the area of the project or program and, when
relevant, the steps taken to improve them should be part of all humanitarian assistance evaluations.
The foregoing criteria are designed for the post-evaluation purposes. However, they can serve as a basis for generating
more specific and tailored criteria for the pre-evaluation of the proposed activities depending on the areas of
interventions, the context circumstances, as well as the strategic goals and policy of donors and aid agencies.
There are few published researches that address project prioritization in the context of humanitarian aid. For instance,
Malki (2008) presents a method for nonprofits to calculate a budgetary allocation which is consistent with their

135

Proceedings of the 2nd Global Conference on Engineering and Technology Management 2015, Chicago, IL, USA,
September 4 – 5, 2015
strategic goals. The method is based on the application of AHP to budgetary allocation. He proposes an index based
on a comparison between the calculated budgetary allocation and the actual one to help NGOs to determine the level
of fit between their goals and their budgetary priorities. Vander Schaaf et al. (2008) developed a multi-objective
optimization models for improved decision-support in humanitarian infrastructure project selection problems. Roh et
al. (2013) proposed a Multi-Attribute Decision Making (MADM) model for locating humanitarian relief warehouse
in order to effectively respond to a disaster. As a decision making tool, they used an AHP model that considered
cooperation as the most influential criterion when choosing facility location followed by national stability, cost,
logistics and locations.
STRUCTURING STAGE

Define the goal

the prioritization of IHH s aid activities/areas of
interventions for Syria crisis.

Determine the
alternatives

Annual report

4 main areas of intervention
16 alternatives (activities)

Determine the
criteria

EB
Literature

5 main criteria
16 subcriteria

ASSESSMENT STAGE
WEIGHTING THE CRITERIA

EVALUATING ATERNATIVES

Select DM
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Middle level coordinator

Middle level
coordinators
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SYNTHESIS STAGE
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Calculate the closeness coefficient of
alternatives

Excel
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coeffiecient

Find the relative importance for the 16 activities based on their
CC and the weights of their parent area of intervention

Figure 1: Research Framework
In a related context, the problem of multi-criteria decision making was addressed for humanitarian demining actions
(MAIC, 2004). In this study, a theoretical cost-benefit model was built on the basis of the research phase. In order to
factor in the contributions of intangible benefits, the team researched decision-making processes other than costbenefit analysis, namely the AHP model. Mladineo et al. (2014), also propose a Decision Support System (DSS) that
can be used in humanitarian demining operations and restoration of mine-contaminated areas. The model aims at
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prioritizing the demining actions to better deal with the financial shortage. In their work, they use the PROMETHEE
method in order to select priorities for demining actions.
It can be argued that humanitarian aid and post-disasters operations have recently received the attention of the
Operations Research community through the use of analytical tools. Special attention is being paid on the humanitarian
and relief supply chain and logistics whereas the academic articles on the multi-criteria prioritization of potential relief
interventions are, to the best of our knowledge, quite limited. Therefore, this study is to contribute in bridging such a
gap in humanitarian projects multi-criteria decision making.

3. Methodology

The study follows a structural decision aiding methodology aiming at identifying the relative priorities of the possible
humanitarian interventions. As a case study, the model is tailored to the case of IHH activities with Syrian refugees.
The model consists of three main stages: structuring, assessment, and synthesis. Figure 1 provides a visual summary
of the model stages while the following subsections provide more details.
Category
Social Assistance

Food Assistance

Sheltering
Assistance

Medical
Assistance

Table 2: Areas of intervention of IHH
Subcategory
Definition
Psychological support (A1)
Mental health assistance to orphan children
and mothers due to traumas they have
experienced in the war.
Clothing aid (A2)
Provision of various seasonal clothing,
pajamas, underclothes, shoes and sandals.
Educational aid (A3)
Provision of school uniforms, equipment for
school, textbooks and stationary materials.
Building schools and orphanages (A4)
Establishment of prefabricated schools and
orphanages. This is a permanent aid
Playgrounds and Orphan care (A5)
Provision of spaces for the socialization of
children
Social activities (A6)
Including circumcision events.
Mobile kitchen (A7)
They hold a supply of prepared food and
cooking equipment.
Distribution of various foodstuffs (such as Supplies for food, clothing, shoes, fuel,
breakfast items, drinking water, flour, household goods and financial aid to refugee
bread, fresh meat, food package, Ramadan camps and places where poverty prevails.
package and baby package) (A8)
Establishment of permanent container and They include schools, accommodation,
tent cities (A9)
baths, toilets and mosques.
Distribution of various necessities Provision of blankets, sleeping bags, foam
(including fuel for furnaces) (A10)
bed, washing machine, heater, generator,
electric rechargeable searchlight, pillow,
kitchen sets, fan, mini fridge, cloth wardrobe,
fiber quilt, garbage containers, plastic water
storage, stove, thermos, firewood.
Permanent assistance for soup kitchens, Water wells are built to impede the spread of
bakeries, water wells and mills (A11)
disease epidemics and conflicts over use of
water resources.
Establishment of medical units and field Allocation of health complexes, such as
hospital (A12)
hospitals, clinics and maternity hospitals.
Providing equipment (A13)
Supporting in technical equipment
Mobile clinic (A14)
A facility specially fabricated on a vehicle
providing
examination,
consultation,
prescription to outpatients.
Health screening and vaccinations (A15)
Medical examinations and treatments.
Distribution of first aid kits, hygiene kits, Providing post-treatment care, rehabilitation
medications and medical equipment (A16) therapy.
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3.1. Structuring Stage
In this stage the problem is structured as a decision goal, evaluation criteria and sub-criteria, and decision alternatives.
The ultimate goal of the model is to prioritize IHH’s aid activities/areas of interventions for Syria crisis. The study
has considered a total of 16 alternatives (areas or intervention) as explained in Table 2.
The evaluation criteria are identified by the researchers considering the attributes of humanitarian actions suggested
by the Development Assistance Committee (DAC), as well as an interview with a key executive board (EB) member
of IHH. For more effective assessment, the criteria are structured in a hierarchy with sub-criteria listed under each
main criterion. (See Table 3).
Table 3: Criteria and Sub-criteria considered for prioritizing IHH areas of intervention
Sub-criteria
1.1 Past Experience of IHH in the area of intervention (C1)
1.2.1 Qualified HR (C2)
1.2 Resources Availability
1. Readiness
1.2.2 Material Resources (C3)
1.3 Logistical and Operational Capabilities (C4)
2.
Activity
cost
(financial resource (C5)
consumption)
3.1 Relevance to Needs Assessment (C6)
3.2 Relevance to IHH strategic goals/ policies (C7)
3. Relevance
3.3 Relevance to the governments, donors and other actors’ policies (C8)
4.1.1 The long term impact on beneficiaries (C9)
4.1
Direct
impact
on 4.1.2 Number of target beneficiaries (C10)
beneficiaries
4.1.3 Percentage of coverage to different segments of
4.Expected Impact
society (religion, gender, age, etc.) (C11)
4.2 Indirect impact (on 4.2.1 Positive impact on stakeholders (C12)
stakeholders)
4.2.2 Negative impact on stakeholders (C13)
5.1 At financial level (C14)
5.Sustainability
5.2 At institutional level (C15)
5.3 At policy level (C16)
Criteria

3.2. Assessment Stage
To support the hierarchal structure of the evaluation criteria, Analytic Hierarchy Process (AHP), developed by Saaty
(1980), is used to calculate the weights of criteria/sub-criteria previously defined. In AHP, the importance of each
criteria is determined through pairwise comparisons based on a scale. The scaling outcomes can be converted into
priority weights of criteria for the comparison of alternatives. For assessing the degree of importance of each
criteria/subcriteria, a survey based on seven-point Likert scale is designed. The survey has been filled out by three
executive board members in IHH and their collective judgments were considered.
As for the alternatives rating, two phases are considered. In the first phase the main four categories of aid activities
(social, food, sheltering, and health assistance) are considered as alternatives. In the second phase, 16 sub-categories
of activities are evaluated with respect to the same pre-defined criteria. The evaluation process is implemented by
using Fuzzy TOPSIS method for group decision making. The fuzzy approach is preferred to the classic TOPSIS for
its ability to deal with uncertain data and facilitate decision maker’s evaluations through linguistic judgments.
In fuzzy TOPSIS, the decision makers may use linguistic variables or fuzzy numbers to evaluate the ratings of
alternatives with respect to criteria (Chen, 2000). Linguistic variables for the ratings with fuzzy triangular numbers
are shown in Table 4.
Table 4: Fuzzy ratings for linguistic variables.
Fuzzy Number
(0,0,1)
(0,1,3)
(1,3,5)
(3,5,7)
(5,7,9)
(7,9,10)
(9,10,10)

Linguistic Variable
Very Poor (VP)
Poor (P)
Medium Poor (MP)
Fair (F)
Medium Good (MG)
Good (G)
Very Good (VG)
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3.3. Computations and Synthesis Stage
As previously described, the model combines the AHP and fuzzy TOPSIS tools to obtain the final rank of the decision
alternatives. The steps of the computational synthesis are summarized in the following.
Step1: Calculating criteria weights Using AHP, (Saaty, 1980)
Step 1.1: The decision makers' judgments on the pair-wise comparisons are aggregated for each pair of criteria. The
geometric weighted average is to be used for aggregating individuals' judgments unless the evaluation is made in a
joint session and the collective judgments obtained directly from DMs.
Step 1.2: The relative importance of the criteria in each matrix is calculated through the principal Eigen value and the
corresponding normalized right eigenvector.
Step 1.3: The consistency of each matrix of order is evaluated and judgments are revised with the DMs in case the
inconsistency is larger than 15%.
Step 1.4: The global weights wj for each sub-criterion is obtained by multiplying its local weight by the weight of its
parent's criterion.
Step2: Calculating the priorities for the four main areas of interventions Using Fuzzy TOPSIS, (Chen, 2000)
Step 2.1: for each DM k, the linguistic evaluations of each alternative i = 1 to m with respect to each criterion j=1 to n
are converted to fuzzy numbers

~
xijK as described in table 4.

Step 2.2: Individual evaluations are aggregated using arithmetic weighted average depending on the relative
importance of the DM



~
xij  u1~
xij1 ()u 2 ~
xij2 ()...()u k ~
xijk



(1)

where u is a normalized weight expressing the relative importance of DM k.
Step 2.3: For the aggregated ratings, find the normalized fuzzy ratings ~
rij using the equation below; where B and C
k

are the benefit and cost attributes; respectively.
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Step 2.4: Construct the weighted normalized fuzzy decision matrix
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(3)

Step 2.5: Determine fuzzy positive ideal solution FPIS A* and fuzzy negative ideal solution FNIS A .
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where vj* = (max cij, max cij, max cij) and vj- =(min aij, min aij, min aij)

for all j.

Step 2.6: Calculate the distance of each alternative from FPIS and FNIS, respectively.
n

~ , v * ),
d i*   d (v
ij
j

i  1,..., m

j 1
n

~ , v  ),
d i   d (v
ij
j
j 1

where distance can calculated with Vertex method:
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Step 2.7: Calculate the closeness coefficient CC of each alternative.
CCi 

d i
d  d i

i  1,2,..., m

*
i

(6)
Step 2.8: Rank the alternatives according the closeness coefficient CCi; and find the relative normalized weights
𝐶𝐶
(Relative Priority) RPi for each area of intervention with 𝑅𝑃𝑖 = ∑𝑚 𝑖 ; m is the number of the main areas of
𝑖=1 𝐶𝐶𝑖

intervention.
Step3: Calculating the priorities for the sub-activities under each area of intervention.
Steps 3.1-3.7 are the same as steps 2.1 through 2.7 which are used to find the closeness coefficient CCih; where ih is
the index of sub-activity h under area i .This would be used to find local rank of the sub-activities under each area of
intervention. i.e. four decision matrices where considered for activities of each area.
Steps 3.8: Find the global relative priority (RPih) for each activity using equation (7); where mi is the number of
activities under area i, and m is the number of the main areas of interventions.
𝑅𝑃𝑖ℎ = (

𝐶𝐶𝑖ℎ
𝑚

𝑖
∑𝑚
𝑖=1 ∑ℎ=1 𝐶𝐶𝑖ℎ

) (𝑅𝑃𝑖 )(𝑚)

(7)

4. A suggested model for priority-based budget allocation

In this section we propose a general model which uses the priorities elicited above to roughly allocate budget to
different activities. The idea is to minimize the deviation of the actual allocated budget to a certain activity from the
theoretical one which is based on the relative importance of that activity. The main source of funding in IHH, as the
case of most humanitarian organizations, is mostly based on donation from individual and institutional donors. This
donation is received either as conditional donation, where donors pre-specify the activities where they want their
money to be spent, or as unconditional donation when the organization has the choice to allocate this money wherever
appropriate. Therefore, the objective of the model to determine the best allocation of the unconditional fund to the
different alternatives. The model also considers that the average cost for implementing a typical activity from each of
the previously defined alternatives is different according to the type of this alternative. For example, the cost of
atypical sheltering activity is on average higher than aid distribution activities. Therefore, the relative average cost for
each type of activities should be estimated, based on the historical data, and integrated in the model as explained
below. For simplification, we will use the index j instead of ih to express the index of the sub activity, and N as the
total number of all possible alternatives.
Decision Variable
 ABj is the allocated- non conditional- budget for activity j
Parameters (constants)
 CBj is the conditional budget pre-assigned to activity j
 TB is the total budget for all activities
 ACj is the average cost of a typical implementation to activity j
 RCj is an index expressing the relative average cost of activity j with respect to other activities; where 𝑅𝐶𝑗 =
𝑁(𝐴𝐶𝑗 )




∑𝑁
𝑗=1 𝐴𝐶𝑗

RPj is the normalized relative priority of activity j with respect to other activities, elicited from the sections
above, where 𝑅𝑃𝑗 ∈ [0,1] 𝑎𝑛𝑑 ∑𝑛𝑗=1 𝑅𝑃𝑗 = 1
𝑑𝑗+ 𝑎𝑛𝑑 𝑑𝑗− are the positive and negative deviations between the model allocation and the ideal theoretical
allocation of budget to activity j.

Model Formulation

O.F. min ∑𝑛𝑗=1(𝑑𝑗+ + 𝑑𝑗− )
s.t. (𝐶𝐵𝑗 + 𝐴𝐵𝑗 ) − (𝑅𝑃𝑗 )(𝑇𝐵)(𝑅𝐶𝑗 ) + 𝑑𝑗+ − 𝑑𝑗− = 0 ∀ 𝑗
∑𝑛𝑗=1(𝐶𝐵𝑗 + 𝐴𝐵𝑗 ) = 𝑇𝐵
𝐴𝐵𝑗 ≥ 0
∀𝑗
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5. Computational Results and Analysis

This section discusses and analyzes the model results. It is divided into three sections: section one shows the results
of the AHP model to the criteria pairwise comparisons while sections two and three respectively discuss the evaluation
results for main areas of interventions and the sub activities using the Fuzzy TOPSIS model.
5.1. Criteria weights
Expert Choice 11 software is used for the AHP calculations. The input of this analysis was the pairwise comparisons
obtained from board members of IHH. Since the members filled the comparisons together in a joint meeting, their
scores are considered as the group decisions opinion.
The results on the main criteria level indicate that the relevance criterion has the highest weight comparing with other
criteria. This is justified by the nature of the humanitarian work which is more responsive and reactive to needs than
to predefined strategic goals and plans. The second priority was given to the expected impact of the activity on
beneficiaries and society; followed by the organization readiness to implement the activity. Finally both cost and
sustainability criteria had obtained the lowest scores. The overall consistency ratio for the main criteria comparisons
was 11% which is within the acceptable range. (See Table 5).
Inside each of the main (parent) criteria, sub-criteria have different weights. For example, relevance to need was
extremely more important (with weight 0.682) than relevance to national and governmental goals (0.082). Similarly
for the direct impact on beneficiaries (0.857) and the impact on society (0.143). The global weights for each sub
criterion is calculated by multiplying its local weight by the parent's weight and the resultant score will be used in the
alternatives analysis. Table 5 describes the global weights obtained in the last level after aggregating local weights
with parent's weights.
Table 5: global weights of the main and sub criteria
Main Criteria (weight)
1. Readiness (0.139)
2. Activity cost (0.115)
3. Relevance (0.412)

4.Expected Impact (0.219)

5.Sustainability (0.114)

Sub criteria
1.1 Past Experience of IHH in the area of
intervention (C1)
1.2.1 Availability of Qualified HR (C2)
1.2.2 Availability Material Resources (C3)
1.3 Logistical and Operational Capabilities (C4)
Financial Resource Consumption (C5)
3.1 Relevance to Needs Assessment (C6)
3.2 Relevance to IHH strategic goals/ policies (C7)
3.3 Relevance to the governments, donors and other
actors’ policies (C8)
4.1.1 The long term impact on beneficiaries (C9)
4.1.2 Number of target beneficiaries (C10)
4.1.3 Percentage of coverage to different segments
of society (ethnicity, religion, gender, age, etc.)
(C11)
4.2.1 Positive impact on stakeholders (C12)
4.2.2 Negative impact on stakeholders (C13)
5.1 Sustainability at the financial level (C14)
5.2 Sustainability at the institutional level (C15)
5.3 Sustainability at the policy level (C16)

Global weight
0.022
0.092
0.031
0.033
0.076
0.273
0.095
0.033
0.125
0.034
0.023
0.021
0.021
0.076
0.036
0.011

As the table indicates, the activity cost comes in the fifth place and got a moderate score. This is due to the fact that
such kind of organizations can easily raise funds and although they have limited resources and seek to effectively
manage them, they do not put the cost as a strict constraint. Similarly, the past experience of the organization has
gained a low score which is again because they can execute projects through cooperating with partners which could
be more knowledgeable and experienced in that area.
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5.2. Ranking and prioritizing the four main areas of activities.
The four main areas of activities: social assistance (SO), food assistance (FO), sheltering assistance (SH), and health
assistance (HE), were rated with respect to each of the sixteen sub criteria in the last level. Three persons participated,
individually, in filling this form: one board member and two executive middle level employees. The scores obtained
from the board member are given a higher weight (u1 = 0.6) while each of the other two decision makers were given
a 0.2 relative weight (u2 = u3 = 0.2). The linguistic ratings were converted to fuzzy numbers according to the scale
given in Table 4. The aggregation of the three opinions was calculated as a weighted average which was then
normalized and weighted by the criteria global weights. Distances from the fuzzy positive ideal solution (FPIS) d +,
distance from fuzzy negative ideal solution (FNIS) d-, and the closeness coefficient CCi were obtained for each
alternative according to equations 4, 5 and 6 respectively. Table 6 presents the CC obtained for each area of activities.
Table 6: Closeness coefficient and rank for each area of activities
Area of Intervention
CCi
Rank
RPi

SO
0.633
1
0.3

FO
0.536
2
0.25

SH
0.507
3
0.24

HE
0.447
4
0.21

Referring to a recently published report for IHH activities with Syrian refugees in the period (2011-2014), we find
that the rank of activities' areas obtained from the model is almost similar to the actual one in terms of the budget
allocated to these areas, except for food assistance which was ranked the second in our model and the first in reality.
This might be explained by the fact that the actual allocation describes the period from 2011 when the Syrian crisis
started and the criteria and alternative ratings were made in 2015 when the refugees have settled down and their needs
are quite different than theirs in 2011. Not surprisingly, food assistance had the majority of allocated budget (42%) at
the beginning of the crisis where saving lives and meeting the basic needs were the first priority. Now we are expecting
more attention to social and sheltering areas which are considered of high priorities in this field.
5.3. Ranking and prioritizing activities under the four main areas
The same methodology applied in section 5.2 is also applied to rank the activities under each area as detailed in Table
2. The activities ratings were filled by two middle level coordinators who are knowledgeable about the IHH activities.
The local CC of each activity is obtained and the global relative priority is calculated by equation (7). The results are
summarized in Table 7.
Table 7: Closeness coefficient and global relative priorities for each activity
Area i
Social Assistance
(30%)

Activity h
Psychological support
Clothing aid
Educational aid

Local CCih
0.585
0.506

Building schools and orphanages
Orphan care/playgrounds
Social activities

Food Assistance
(25%)
Sheltering
Assistance
(24%)
Health
Assistance
(21%)

Care

Mobile kitchen
Distribution of various foodstuffs
Establishment of permanent container and tent cities
Distribution of various necessities (including fuel for furnaces)
Permanent assistance for soup kitchens, bakeries, water wells
and mills
Establishment of medical units and field hospital
Providing equipment
Mobile clinic
Health screening and vaccinations
Distribution of health care materials
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Global weight (RPih)
0.081
0.070

0.612

0.085

0.616

0.086

0.563

0.078

0.460
0.526
0.562
0.516
0.518

0.064
0.062
0.066
0.057
0.058

0.555
0.521

0.062
0.051

0.438
0.485

0.043
0.048

0.509

0.050

0.616

0.060
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The results disclosed in the table above can be helpful for budget allocation decisions. Decision makers in IHH can
be guided by these results which reflects their own opinions and judgments when they are to select or prioritize
different projects in the future. The elicited relative priorities can serve as input to the priority-based budget allocation
model proposed in section 4. However, the study doesn't consider other types of technical constraints that might have
a considerable effect on the budgeting decisions.

6. Conclusions and Future Research

The study proposes a decision aid tool to guide decision makers in NGOs to prioritize different potential humanitarian
aid interventions. It applies the multiple criteria decision making techniques, namely AHP and Fuzzy TOPSIS to a
relatively new application, the humanitarian aid and relief projects, which has recently been attracting the operations
research and management science researchers. The model is applied to IHH as a case study. Five main criteria are
concluded to be important in humanitarian aid prioritization: (1) Relevance to needs, goals and policies, (2) Expected
impact of the activity, (3) Readiness of the organization to implement an activity, (4) Activity cost and (5)
sustainability. Unlike for-profit business, NGOs allocation of resources is more responsive to needs than strategic
plans which justifies the result that relevance to the needs criteria got the highest score. AHP pairwise comparisons
combined with Fuzzy TOPSIS ratings is a powerful tool to handle with uncertainty in subjective judgements of DMs.
The study also proposes a general model for budget allocation decisions based on the output of the multi-criteria
prioritization model. However, we highlight expanding the model with more focus on the technical constraint of the
problem as a potential area for further research. Another possible extension of our work, is to consider stochastic and
probabilistic estimation of the criteria weights to reflect the unstable nature of the humanitarian decisions based on a
situational analysis.
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Abstract
Healthcare is one of the trend topics in the world. There is an increase in standardization. As health is one of the most
valuable issues in human life, it must be maintained with rehabilitation. Nowadays, the increased demand versus
insufficient sources caused in healthcare services due to poor quality with long queues during the diagnosis and
treatment processes. Hospitals are the most important parts of healthcare service systems, as it is also the place where
patients can wait for a long time just to be treated. Since queues in hospitals are directly affecting the quality of human
life, it should have priority compared to other types of queues. Special efforts should be made to shorten patient
queues. Cancer became a global issue which has to be taken in the most priority. There is a very rapid increase of
cancer patients in the world and as well as in Turkey which makes it to be considered more seriously. Among cancer
types, breast cancer is the most encountered type in Turkey.
Therefore, in this paper, breast cancer center in a private university in Turkey is investigated and tried to be improved.
The patient flow diagram of the breast cancer center is modeled by means of commercial software ARENA. Discrete
event simulations in ARENA are performed by using recorded data to find bottleneck of the system. Patients’ queues
are chosen as performance criteria. Various scenarios are derived to obtain a significant decrease of waiting time.
There are 4 scenarios which are applied for improvement of the current situation. ANOVA statistical method is used
to compare the results of each scenario with that of the current status since different results obtained from different
scenarios do not necessarily guarantee that the change (improvement) is significant. The significances of the
improvements obtained from different scenarios are investigated by applying 95% confidence interval in ANOVA.
The results of this test showed that most of the performance criteria gave a significant difference compared to the
actual situation whereas some of them are insignificant. And finally the scenario which gave the highest improvement
was chosen as the critical improvement scenario for the breast cancer center patient flow system.

Introduction

Nowadays due to high population and scarce resources waiting in queues is inevitable. Queues are seen almost
everywhere such as at supermarkets, banks, universities, and hospitals. In this sense it can be said that queues have
become a part of our life. However, waiting in queues is causing unsatisfied customers which also results in companies
losing customers. More importantly queues are resulting in vital consequences. When queues in healthcare are
concerned, the time spent in queues the degree of illness may increase and even may cause death. Therefore
organizations must provide their patients a systematic health service. An effective service includes serving the patients
as soon as possible with a higher quality as well as employing enough number of employees. When the optimum
numbers are determined, patients will not be waiting in queues too much and costs of unnecessary employees will be
decreased.

Aim of the Study

Hospitals are the most distinct places of queuing problems. Most patients are waiting in queues to be examined while
others are waiting in queues to have inpatient treatment or to undergo surgery [1]. Another problem foreseen in
hospitals is that even though there is a huge queue of patients (most of the time causing confluence)
equipment/physician/nurse are kept idle. Because of this patients are wasting their time in queues as well as resources
are not being used efficiently.
Patient flow diagrams are prescriptive diagrams be synchronizing resource, employee and patient to use resources
more efficiently (decreasing the waiting time in queues) by showing step by step where patients are supposed to go,
the average time of each step, intradepartmental flow time, bottlenecks in the system.
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The aim of this paper is to establish the patient flow diagram of a breast cancer center in a private hospital in Turkey
and to decrease the current waiting time of patients by applying specific scenarios. With the help of the patient flow
diagram and practices applied the aim of the model is to increase the degree of welfare of patients and hospital
personnel, to ensure that the resources are efficiently and effectively used, as well as minimizing the financial loss by
decreasing the idle time spent in unnecessary queues.

Literature Review
Queuing System
Queues or waiting lines help facilities or businesses provide service in an orderly fashion. As defined by Baht [2]
queuing theory embodies the full gamut of such models covering all perceivable systems that incorporate
characteristics of a queue.
The history of queuing theory goes back 100 years. Johannsen’s “Waiting times and number of calls” (an article
published in 1907 and reprinted in Post Office Electrical Engineers Journal, London, October 1910) seems to be the
first paper on the subject [2]. On the other hand Erlang’s work “the theory of probabilities and telephone
conversations” and the studies done by Molina in 1927 and Fry in 1928 has been motivation for having the practical
problem of congestion [2]. In addition Crommelin, Pollaczek, Khintchine, Kolomogorovv and Palm has done research
related to this topic [3].
This system was used only in telecommunication industry until the 1950’s; afterwards it was widely spread to other
industries. It has been used in designing the traffic flow (including both human beings and cars), scheduling (patients
in hospitals, jobs assigned to machines, programmes in a computer) and banking sector. Pollaczek, Sysoski, Saaty,
Bhat and Taha are academicians who have studied under this major.
Queuing system is defined as customer incoming to the system to receive service, and if not urgent wait in the queue
and if waited should leave the system as being served [4]. According to this definition patients who come to the
hospital to be served must leave the hospital after being served.
On the other hand queuing discipline, is explaining whether if the customer should be waiting or not in the queue or
if have waited in the queue for a time whether if they left it without receiving the service [5]. Sundarapandian also
added that if the incoming customer is above the service capacity of the system then for sure there will be a queue. If
there is a queue, the decision of waiting in the queue is completely the customers desire [5].
Constraints Theory
Constraint is an element which decreases the systems performance. The objective is to use this constraint in the best
way in order to reach the highest productivity. Considering a system, first it has to be divided into subsystems and be
analysed. The product which is going to be produced in this system will be produced altogether by the subsystems and
the slowest subsystem will determine the speed of the system. It does not matter how fast the other subsystems are but
the result will not change if the slowest subsystem does not speed up. The slowest subsystem is causing a bottleneck
which is playing a determining role in the speed of the system [6].
Queuing Systems Applied in Healthcare Industry
Queuing models are used to receive information on each task in healthcare systems and to figure out the causes of
mistakes or errors based on patient care or caring processes. On the other hand it is also used to improve the general
system performance and to estimate the unfavourable tendencies and the consequences of the decisions taken.
Being directly related to human life the healthcare industry is accepted to be different than others and due to it
complicacy of its system it is presenting a vital importance to the subject.
When the literature is analysed more specifically it is seen that between the years 1993 and 2012 there is a cumulative
increase in research related to order theory and healthcare industry. Twenty five percent of the research analysed
between these years are related with emergency rooms, twenty three percent used order theory to analyse the whole
hospital generally. Fourteen percent of the research was done on the waiting time of outpatient care and patient
satisfaction. Nine percent on operating rooms, seven percent on cardiac surgery, seven percent on patient
transportation, another seven percent on assigning beds to inpatients, two percent on accident immediate care, two
percent on endoscopy, and the rest two percent of the research was done on the front line assembly area [7]. Research
other than these include topics such as queuing theory waiting time, sourcing, systems design, appointment system,
system analysis, patient scheduling, resource scheduling and ambulance service.
A variety of solutions were analysed for different healthcare organizations including outpatient care centres, hospitals
or organizations including both. Quantity oriented research such as, optimizing the number of beds in a hospital or
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quality oriented research, such as, distributing ambulances for gaining a balanced access were done. Patient waiting
time is an important performance criteria for ambulance systems. Bell and Allen in 1992, did research related with
multi-server queuing models to be able to reach the predetermined response rate [8]. In healthcare systems on time
access to care became an indicator for a high quality healthcare service. Various researches were done in outpatient
clinics, surgical operations, gynaecology and newborn unit and mental health units.
Bretthauer et al., has analysed the blocking of units with a heuristic approach as patients moved from one unit to
another and as patients completing their first care in the first unit could not pass to the next due to the inadequate
capacity of the second unit [9].
Bailey has mentioned on individual-blocking system by determining two variables which are determining the
effectiveness of the appointment system according to appointment range and the arriving time of the physician [10].
Ho and Lau has mentioned about appointment systems with variable ranges [11].
Waiting time utilization and cost minimization together with longitude of queues are mentioned in healthcare systems
analysis.
In a queuing system customers (patients for healthcare systems) minimizing the waiting time and maximizing
utilization of server and resources (physician, nurse, beds for healthcare system) are aimed. Especially patients leaving
the queue without receiving the service has been analysed to be a very important performance rating parameter in
hospital emergency units [12]. Increasing the service capacity which is a traditional method, has a very little effect on
reducing the long queues because when patients realise that their waiting time is going to decrease the will increase
their speed of incoming to the unit which in fact will result in an increase in the length of the queue once again [13].
As the aim of the paper is to analyse breast cancer centres there is a need to analyse the issue of cancer centres as well.
Information on Cancer Centres
Due to the increase in the number of cancer patients, the need of cancer centres are increasing cumulatively. Therefore
the number of cancer centres must increase as well as the current centres must be improved in order to serve better in
the world and of course in Turkey. Patient waiting times are increasing as demand is high when looked from the
patients’ perspective. When analysed from the service provider perspective, improved processes would result in higher
patient flow as well as higher profit. Unfortunately it is quite hard to improve the cancer centre processes due to high
patient numbers, multi-stage service care, uncertain daily demand and uncertain patient floe diagrams.
Modelling by Simulation
Simulation is taking a real system as a base and designing a model of this system and analysing the behaviour of the
system or is the total of all the strategies applied to improve the system. Simulation started to be properly used in the
1990’s. Good animations, ease of use, high speed of computers, and ease of application of other packages made
simulation a standard tool in many organizations [14].
Using Simulation in Cancer Centres
The first objective of healthcare services is to provide health but the demand is uncertain and variable. Therefore,
using simulation model, without harming or occupying any resource, possible changes can be made and analysed.
In 2009, Santibanez has analysed an ambulatory care unit (ACU) of the British Columbia Cancer Agency (BCCA) in
Vancouver. In this research, any change done on the physical infrastructure, planning politics and assignment of
capacity which is effecting the patient waiting time, overtime in the clinic and sourcing were analysed. It was found
that changing or improving more than one variable would give the best result, in which, patient waiting time decreased
by 70%, need for physical area (size of care room, number of rooms, infrastructure, physician working area, and
patient waiting area) has decreased by 25% [15].
Changing the laboratory and pharmacy locations and making changes in the planning procedures has justified 30%
increase in rate of patient checking out with the application of simulation [16].
In another research done in Louisville, six different scenarios were formed and compared with current situation. Some
of the scenarios were as adding two specialised nurses such as specific breast nurses for the breast cancer centre.
It has been decided to analyse breast cancer centres of Turkey as breast cancer is the most popular cancer type faced
in Turkey nowadays. Simulation will be used as the first step of the study to figure out the main problem of the centres.

Methodology

The literature review and observation showed that patients are mostly suffering from waiting in the queue. So the aim
of this paper as mentioned before is to minimize the waiting process and improve healthcare services in breast cancer
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centres in Turkey. In this study, as the state variables are differentiating in some points (patient entering the hospital
or patients after being served) discrete event simulation has been used.
In order to detail the process, expert opinion was taken. Therefore breast surgeon, radiologist, pathologist, pathology
technician, radiology technician and desk nurse were all interviewed in the chosen private university hospital. Both
open and close ended question were asked during the interview. With the help of these questions the process of the
system and the physician schedule was learned in detail. In addition to this observation was also done. For this, the
researchers were present at different departments in the hospital. Time spent in each machine, and time of examination
were measured by a stopwatch and collected. Collection of information took place between 10 March 2014 and 08
April 2014, in a one month observation period.
ARENA simulation program was used to draw the patient flow diagram and after analysing the data distribution it
was added to the diagram which was formed by the simulation program ARENA.
The case study was decided to be done in a private university hospital in Istanbul Turkey. The hospital is giving service
between 08:00 till 17:00. But starting from 16:50 no patient registration is done. In addition to this even though the
hour of work is finished if there is a patient in a machine or in a physician’s room being examined, the extra time spent
is accepted as overtime. The workday finishes when the last patient is discharged from the clinic.
Between 12:00-12:59 the hospital has lunch break and apart from the operations room and emergency room the rest
of the departments are not working during the lunch break. There is only one breast surgeon in this hospital. Every
hour five patient is visiting the general surgery department. Patients visiting the breast surgeon are 25% of the total
patients visiting the general surgeons.
Patients are visiting the hospital via appointments taken from internet or telephone. After patient enters the hospital
they have to make registration and then be examined by the surgeon. This is a manual examination done in the surgeon
room. During this time surgeons listen to history of patients. After the manual examination if the surgeon decides that
there is nothing going wrong the patient is discharged. In other cases patient is sent to the radiology unit for imaging
processes. Patients’ age is important at this point, being above or below age forty makes sense. Patients below age
forty are only asked to have ultrasound examination. For patients at age forty or above only ultrasound or both
ultrasound and mammography may be requested. Figure1 is showing the present system of the private university
breast cancer centre.
Figure 1: Present System of Breast Cancer Centre

The patient first has to be registered at the radiology department and manual examination is done by the radiologist.
The ultrasound is done by the physician by the mammography is taken by the technician. The results of the ultrasound
and mammography are not printed and given to the patient immediately but are directly seen at the computer screen
of the surgeon. The surgeon loudly examines the results of the ultrasound and/or mammography and saves the voice
as a voice message. Then the reporter transfers the voice message in a written document and prints it. For both of the
results the patient is called one day after the examination is done to pick up the results. If there is no need for biopsy
the patient is discharged. If biopsy is requested it is done immediately and after the biopsy operation the patient is sent
home. The piece taken from biopsy is sent to the pathology department. The results from the pathology department
finalises in three to four days. Patient comes to the hospital to take the results, if not ready this action is repeated. After
all the results are ready the breast surgeon analyses them and decides whether or not MRI is needed. MRI is an imaging
system taken by a technician. MRI results are ready in 24 hours. At the end the breast surgeon decides whether if the
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patient needs operation or not by examining the MRI results or pathology results or both. If operation is not needed
the patient is discharged with a decision of close follow-up.
Finally the model is operated and the time of queues and patient time spent in each unit is determined. For system
improvement more than one scenario is developed and analysed afterwards. Each patient flow diagram for each unit
is shown in Appendix in detail.

Analysis and Discussion

Data was collected in a one month period between 10 March 2014 and 08 April 2014. As explained before the observed
hospital is giving service between 08:00 till 17:00. But starting from 16:50 no patient registration is done. In addition
to this even though the hour of work is finished if there is a patient in a machine or in a physician’s room being
examined, the extra time spent is accepted as overtime. The workday finishes when the last patient is discharged from
the clinic. Between 12:00-12:59 the hospital has lunch break and apart from the operations room and emergency room
the rest of the departments are not working during the lunch break.
Appointments are arranged in a range of one hour for each appointment. The distribution of the collected data is
determined by ExcelEasyFit. The distribution was found to be Poisson distribution (ʎ=40 patient per day). After
determining the distribution by ExcellEasyFit it was statistically tested and proved that Poisson distribution is best
fitting the data distribution.
Table 1: Distribution Types for Healthcare Process in Breast Cancer Centre
Task

Used Resource

Hospital Registration
Physical examination
Radiology registration
Physical examination
Breast Ultrasound
Mammography
Ultrasound reporting
Mammography reporting
Reporting

Desk Staff
Breast Surgeon
Radiologist desk staff
Radiologist
Radiologist
Technician
Radiologist
Radiologist
Reporter
Breast
Surgeon
and
Consultation
Radiologist
Biopsy
Radiologist
Breast MRI
Technician
MRI Evaluation
Radiologist
MRI Reporting
Radiologist
Pathology
Technician and pathologist
Outcome evaluation
Breast Surgeon
Examination after MRI
Breast Surgeon
Surgical operation
Breast Surgeon
Other processes
Breast Surgeon
Breast Surgeon and other
Breast Surgeon other consultation doctor
Radiology other registration
Radiologist desk staff
Radiology other processes
Radiologist
Radiology other consultation
Radiologist and other doctor
Radiology other ultrasound
Radiologist
Radiology other processes
Technician

Constant Dist.
Normal Dist.
Normal Dist.
Constant Dist.
Normal Dist.
Normal Dist.
Normal Dist.
Normal Dist.
Constant Dist.

Distribution
Parameters
2 (min)
15-20 (min)
2-3 (min)
1 (min)
14-16 (min)
15-20 (min)
1,8-2,2 (min)
1,8-2,2 (min)
4 (min)

Normal Dist.
Normal Dist.
Normal Dist.
Constant Dist.
Constant Dist.
Normal Dist.
Normal Dist.
Normal Dist.
Normal Dist.
Normal Dist.

5-8 (min)
20-25 (min)
20-30 (min)
3 (min)
2 (min)
3-4 (min)
4,8-5,2 (min)
4-6 (min)
1-1,5 (hrs)
20-25 (min)

Normal Dist.
Normal Dist.
Normal Dist.
Constant Dist.
Normal Dist.
Normal Dist.

5-8 (min)
2-3 (min)
5-8 (min)
10 (min)
14-16 (min)
15-20 (min)

Distribution Type

There are four general surgeons employed in this hospital and 25% of the patients visiting surgeons belong to breast
surgery. 0.2% of the patients visiting the breast surgeon are having biopsy and 0.07% is having a surgical operation.
The patient flow diagrams are shown in Appendix at the end of the paper.
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The system was calculated ten times (number of replications) in thirty days (replication length). Patient flow was also
observed in the system. The processes in the system were either observed or referred to an expert opinion. The
following table (Table1) is giving information on the distribution parameters (in minutes) for each task in the process.
Visits to the surgeons have been determined to be Poisson distribution. As breast patients visiting the surgeons are a
sample of the patient population it is accepted that they are also fitting the Poisson distribution. Addition to fitting the
Poisson distribution there may still be patients visiting surgeons in other specific hours. Visiting distribution is
developed by ARENA program.
Patient registration process has a standard value and takes two minutes. This process is done by Decision module and
can have two or more alternatives and each alternatives percentage is added to the system.
In order not to reject the patients visiting the hospital at lunch break a Hold module is used and patients set to wait
until the break is over. In this study human flow is analysed. In addition to this in order to be able to receive blood
tests and radiological examinations work flows must be also considered together with human flows. For this reason
work flow is paralleled added to human flow and is determined to have both of them at the same time. The Separate
module is used for this situation. Batch module is used to pair two entities. As an example batch module is pairing the
patients report outcomes and patient next visit to the hospital. By this module, when report outcomes are not ready the
patient goes back home, but if report outcomes are ready then the system continuous with the next step in the flow
chart. Record module is keeping records of the time spent between the requested modules. At the point where patients
care is finished the Dispose module is the module used to discharge the patients from the system.
After all the data are transferred to the program the program is operated ten times in thirty days. The length of the
queues can be obtained as well as by placing assign and record modules to intervals which are requested to be measured
are also possible.
Nine performance criteria were selected. These nine criteria are (1)discharged patients from first surgeon examination,
(2)MRI and USG report extra waiting time, (3)patient coming to radiology department but not having biopsy operation
and being discharged, (4) discharged patient after all examinations are done but without having a surgical operation,
(5)biopsy process, (6)surgeon physical examination, (7)second step physical examination (radiologist physical
examination), (8) surgeon and radiologist consultation, and (9) breast surgeon outcome assessment. The current
situation performance measurement is shown below in Table 2.
Table 2: Current Situation Performance Measurement
Performance
Criteria

Average

Half Credible
Intervals

Min.
Average

Max.
Average

Min.
Value

Max.
Value

1
2
3
4
5
6
7
8
9

1,6477
0,6633
30,1598
123,71
0,2586
1,2665
0,4132
4,1301
2,3552

0,37
0,48
1,93
3,71
0,13
0,32
0,45
2,26
0,75

0,878
0,00
27,5552
117,91
0,058917
0,6822
0,0962
1,3412
0,8036

2,3559
6,5448
36,7841
136,01
0,7847
1,9578
2,1778
11,0448
4,8262

0,2857
0,00
24,617
102,16
0,00
0,00
0,00
0,00
0,00

20,8303
99,67
141,41
190,53
1,1547
21,652
20,654
115,75
8,4399

According to the performance criteria mentioned above, average time spent until discharge is that patient being
discharged after just being examined by the surgeon take 1.6hrs. The minimum waiting time of a patient after entering
the hospital is 0.28 hrs or in other words 17 minutes, maximum waiting time of patient until being discharged is 20.83
hrs. Averagely a patient gets discharged with a delay of average minimum 0.88 hrs (53 min.) and maximum average
rate is 2.4 hrs.
Normally the outcome of MRI and USG are being prepared in one day after the examination, but the average delay of
it reaching the patient is 0.66hrs (40min.). As the report delivery minimum delay is 0 hrs, maximum waiting time is
99 hrs (4 days). Averagely it is minimum 0 hrs and maximum average delay is 6.5 hrs.
Patient going to radiology department but no need to have biopsy operation gets discharged starting from his/her
entrance to the hospital in 30.2 hrs (1.3 days). Minimum waiting time of patient is 24.6 hrs and maximum waiting
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time is 141 hrs (5.9 days). Averagely waiting time is minimum 27.6 hrs (1.2 days), and maximum average is 36.8hrs
(1.5days) until the patient is discharged from the radiology department.
For patients after having a biopsy operation but no need to have surgical operation gets discharged with an average of
123.7 hrs (5.1days). Minimum time to get discharged is 102 hrs (4 days), maximum time to get discharged is 190 hrs
(7.9 days). Averagely min 118 hrs (5 days) and maximum average is 136 hrs (5.7 days) for the patient to be discharged.

Alternative Scenario’s for System Improvement

After forming the model for the current situation the system is recommending different scenarios for the improvement
of various performance criteria.
Scenario 1:
The latest time for accepting patients has been changed from 16:50 to 16:00. Correspondingly, important changes
have been seen in many ranges and queues. With this change, even though not much difference was seen with the
surgeon first examination average time, the maximum waiting time (20.8303 hrs) has been decreased and became the
lowest time (5.2685 hrs). Waiting time for MRI and USG reports has dropped by 10% when compared to the current
situation. All these differences were tested with ANOVA test to make sure they were significant. This test had 95%
confidence level. When p<0.05, it means that two scenarios are significant. Therefore instead of comparing the current
situation and scenario, the p values which are less than 0.05 have been taken into consideration for determining the
criteria. ANOVA test for Scenario 1 is significant and queues of performance criteria 1, 5 and 6 have shown
improvement.
Scenario 2:
In the second scenario resource numbers were changed to see how it affects patient queues. Number of radiologist has
been increased from 1 to 4, and technician number has been increased from 7 to 8. Queues of performance criteria 1,
2, 3, 5, 6, 8 and 9 have shown improvement as the waiting time of patients has decreased. But when ANOVA test was
calculated the only improvement was seen in the queue of the 5th performance criteria.
Scenario 3:
In the third scenario once again resource number differences has been tested. But this time the number of breast
surgeon has been increased from 1 to 2 breast surgeon. With this increase queues at 1, 2, 3, 4, 6, 8, and 9 performance
criteria has shown improvement. But not all of them were statistically significant. The statistically significant ones
were 1, 3, 6 and 8 performance criteria queues.
Scenario 4:
In this scenario a different type of resource has been changed. This time the number of USG machines has been
increased from 1 to 2, and its effect was checked. With this additional machine queues at performance criteria 1, 2, 3,
4, 5, 6, 7, and 8 (almost all) has showed improvement. Statistically significant ones were found to be the queues of 5
and 7 performance criteria.

Conclusion and Further Recommendations

Even though the rate of having cancer in Turkey is increasing progressively, studies done for improving the process
of patients waiting time is limited. Especially there is no single research done for forming patient flow diagrams,
simulating them and determining the bottlenecks in order to improve the process of Breast Cancer Centres. In this
respect this paper is the primary research done in Turkey. This study was applied to a private university hospital in
Istanbul at its breast cancer centre. The patient flow process has been analysed. Besides, various alternative scenarios
were formed for improving the flow of patients through the centre. As the model is too complicated various
acceptances were made.
This study is the basis of patient flow diagram formation in breast cancer centres.
In this paper after the present system was analysed, it was figured out that there is a build-up and work load density at
the radiologists and at the breast surgeons. For decreasing the build-up and ensuring improvement four different
scenarios were formed. Some of these scenarios included changing the number of resources used in the system and
some of them intended to change the end of patient admission time. But the improvement was not only based on
decreasing the queue length but was expected to be statistically significant at the same time. For this reason ANOVA
significance test was applied.
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In the first scenario the latest patient admission time was changed from 16:50 to 16:00. By this way not only the work
load of doctors were decreased but also patients coming to the hospital and waiting unnecessarily, and any idle time
was tried to be prevented. In this case the patients with no cancer suspicion who visit the breast surgeon mistakenly
will be discharged earlier from the physical examination. On the other hand a patient with its MRI and/or USG done
earlier will spend less time in the physical examination room of the breast surgeon and the decision whether or not to
have biopsy will be given in less time.
In the second scenario the number of radiologists and radiology technician has been increased by 1. Therefore only a
patient who needs biopsy will have her/his biopsy in less time and as well by waiting less in the queue.
In the third scenario the number of breast surgeons has been increased from one surgeon to two breast surgeons. By
this way the number of patient waiting in the queue in the present system has decreased with the new scenario. Patients
with no cancer suspicion, visiting the breast surgeon mistakenly will be discharged from the physical examination
earlier than before. Patients with their MRI and/or USG done before who also do not need biopsy will be discharged
from the hospital earlier and that they will not wait unnecessarily as they do not need any treatment. Also these patients
will not be waiting for days for the consultation of the surgeon and the radiologist, and will be discharged earlier from
the physical examination of the breast surgeon. In the present state when the radiologist is idle the breast surgeon is
either in physical examination or in a surgical operation. Because of this a patient is forced to wait for the breast
surgeon and radiologist consultation, which in reality takes only 5 minutes.
In the fourth and last scenario by adding one more USG machine to the system, the radiologist will do his/her physical
examination and biopsy in less time.
Taking into account all of these scenarios, it is possible to reduce the work load of both breast surgeon and radiologist
in the third scenario.
As the data is not recorded in Turkey cancer centres and also as alternative improvement scenarios are unlimited this
study is open to improvement in various subjects. For further recommendations, improvement in hospital process,
improving more than one resource at the same time, cancelling lunch break are some other practicable scenarios.
This study is only considering the mentioned private university hospital, as other cancer patient flow processes show
differences, this patient flow diagram cannot be generalised and used directly to any centre.
This model can only be used if adapted to processes of other cancer types, other breast cancer centres or any other
unit in an hospital.

References

Acar, M. (2005). Queue and Appointment Systems: A Case Study in a Hospital Policlinic Services. (Masters Thesis)
Bhat, N. (2008). System Element Models, An Introduction To Queueing Theory, Boston.
Sarıaslan, H. (1986). Sıra Bekleme Sistemlerinde Simülasyon Tekniği. Ankara Üniversitesi Siyasal Bilgiler Fakültesi
Yayınları.
Gross, D. (2008). Fundamentals of Queueing Theory. 4th ed. Wiley series in probability and statistics. Hoboken, N.J.:
Wiley. xiii, 500 p.
Sundarapandian, V. (2009). Probability, Statistics and Queuing Theory. New Delhi
Gupta, M. (2003). Constraints Management: Recent Advances and Practices. International Journal of Production
Research, 41(4).
Divya, V., Bagyalakshmi, S., Priya, S. ve Vivek, N. (2013). Application of Queuing Theory in Health Care: A Review
of Literature. The International Innovative Research Journal for Advanced Mathematics, 1(1).
Bell, C., Allaen, D. (1969). Optimal Planning of an Emergency Ambulance Service. Socio-Economic Planning
Sciences 3.
Bretthauer, K.M., Heese, H.S., Pun, H. ve Coe, E. (2011). Blocking in Healthcare Operations: A New Heuristic and
an Application. Production and Operations Management, 20(3): p. 375–391.
Bailey, N.T.J. (1952). A Study of Queues and Appointment Systems in Hospital Outpatient Departments, with Special
Reference to Waiting-times. Journal of the Royal Statistical Society: Series B, 14(2): p. 185–199.
Ho, C.J., Lau, H.S. (1992). Minimizing Total Cost in Scheduling Outpatient Appointments. Management Science,
38(12): p. 1750–1764.
Solberg, L., Asplin, B., Weinick, B. ve Magid, D. (2003). Emergency Department Crowding: Consensus Development
of Potential Measures. Annals of Emergency Medicine, 42(6): p. 824–834.
Worthington, D.J. (1991). Hospital Waiting List Management Models. Journal of the Operational Research Society,
42(10): p. 833–843.

152

Proceedings of the 2nd Global Conference on Engineering and Technology Management 2015, Chicago, IL, USA,
September 4 – 5, 2015
Andradóttir, S., Helay, K.J., Withers, D.H. ve Nelson, B.L. (1997). Introduction to Modeling and Simulation. in
Proceedings of the 1997 Winter Simulation Conference. Binghamton, New York, USA.
Santibáñez, P., Chow, V.S., French, J., Puterman, M.L. ve Tyldesley, S. (2009). Reducing Patient Wait Times and
Improving Resource Utilization at British Columbia Cancer Agency's Ambulatory Care Unit Through
Simulation. Health Care Management Science, 12(4): p. 392-407.
Sepúlveda J., Baesler F., Alvarez M. ve Cahoon L. (1999). The Use of Simulation for Process Improvement in a
Cancer Treatment Center, in Proceedings of the 1999 Winter Simulation Conference. Phoenix, USA. p. 15411548.

Appendix: The developed patient flow diagrams

Figure A2: Surgeon other tasks.

Figure A1: Patient visiting surgeon.

Figure A3: Process between surgeon and pathology.
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Figure A4: Radiology Process 1.

Figure A5: Radiology Process 2.

Figure A6: Radiology Process 3.

154

Proceedings of the 2nd Global Conference on Engineering and Technology Management 2015, Chicago, IL, USA,
September 4 – 5, 2015
Figure A7: Radiology Process 4.

Figure A8: Radiology other tasks

Figure A9: Pathology tasks.

Figure A10: Process after pathology.
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Abstract
In today’s world, the existing competition forces manufacturing firms to operate with highly utilized resources with
lower inventory levels in order to cut costs extensively. In traditional push production systems, with high utilization
of equipments, the push system generates long queues in front of the machines. In return, raw material and work in
progress inventories increase dramatically. Therefore many firms employ lean principles to cut the cost associated
with these inventories. Pull systems, kanban cards, are often preferred by practitioners in lean implementations to
shorten those queues and waiting times. In pull systems, all operations are triggered in the production chainby
customer demand. However, there are some circumstances, where pull system causes delay in the production when
there is high variation in the process and low frequency of utilization. In those cases the push systems are superior to
pull system. In this study, pull systems and push systems are compared and some rule-of-thumbs are developed to
guide manufacturing planners. A simple model is created by using Markov chains and Jackson networks. The newly
developed model is validated by using computer simulations. The performances of both pull and push systems are
measured and reported for different scenarios.

1.Introduction

There were few firms to meet customer demand in the past. Profit was more significant than cost. Therefore, they
even neglected to calculate the cost. A vast number of firms emerged rapidly after the World War II. They couldn’t
set prices as they wanted to any more. Therefore, their costs had to decrease so that firms could compete and increase
their profits since the sales price was constant. Nowadays, firms have to continually improve their production
processes to ensure competitive advantage in the globalization world. Traditional mass production is based on forecast
demand rather than on customer demand. It is not flexible since it can’t meet changes in customer demand. Mass
production produces further products and WIP (Work In Process) than customer demand and the lead time is longer.
Inventories can be classified into five main groups:
These are raw material, WIP, finished goods, components and maintenance repair and operating supplies (MRO). Raw
material is necessary material which is used directly to complete the production. WIP refers to materials processed or
waiting to be processed for production. Finished goods refer to stock consisting of completed goods. Components are
generally the parts and the materials which are supplied from outside the company and form the part of the final
product. MRO is goods which are used in the routine transactions such as fast consumption goods, maintenance
material and stationery although it is not directly use in the production.
The rest of this paper is organized as follow: In the following section, literature review is reported. In section 3, pull
and push systems are explained. In section 4, performance measures are expressed. In section 5, operational
configuration is identified. In section 6, scenarios are generated. In section 7, results are discussed before concluding
the paper.

2.Background

Inventory management describes the flow of material from the procurement of materials to the delivery of those
materials (Ertugrul and Tanriverdi, 2013). Inventory management is a significant responsibility for the production
manager, since inventory costs are extremely high (Top, 2006). Inventory control was developed as a discipline in the
1920’s and was further developed after World War II. Inventory control is focused on the minimal capital required for
the inventory (Ertugrul and Tanriverdi, 2013). Inventory control methods are as below:
1) Visual Inspection Method: Existing inventory is checked by the warehouse supervisor. Although it is
inexpensive, there are some deficiencies that can lead to mistakes.
2) Double warehouse /Box Method: Inventory is divided equally into two compartments.
3) Fixed quantity method: This approach gives good results in conditions where demand is continuous and
smooth.
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4) Fixed interval method: This approach is more expensive units purchased or used for non-continuous demand
units.
5) Fixed quantity-interval method: This method is a combination of the fixed quantity method and the fixed
interval method.
6) ABC method: This method is activity-based costing. Activities are divided into three groups:
Group A: 15-20 percent of the total amount constitutes 75-80 percent of the total value
Group B: 30-40 percent of the total amount constitutes 10-15 percent of the total value
Group C: 40-50 percent of the total amount constitutes 5-10 percent of the total value
7) Vital Essential Desirable (VED) method: V group consists of vital materials. E group includes alternatives
to important materials. D group includes optional materials that are easily found.
8) Economic Order Quantity (EOQ) method: Creates a balance between too much or too little stock.
9) Critical Ratio method: Involves an annual safety stock for critical materials and the use of excess materials.
10) Material Requirement Planning (MRP): Most widely used method in the management of dependent demand
inventory.
11) Just in Time (JIT): Reduces costs by reducing stock to a minimum level.
Hofer et al. (2012) examines the relationships among lean manufacturing, inventory leanness and financial
performance. Inventory leanness is identified on account of the fact that companies’ stock levels are compared with
average stock levels in the entire sector (Eroglu and Hofer, 2011). Several studies examined inventory reduction.
Huson and Nanda (1995) stress that there is a relationship between inventory turnover and inventory reduction in US
manufacturing firms. As a result, inventory turnover increases if lean production is fulfilled. Similarly, there is a
positive correlation between inventory turnover and inventory leanness (Balakrishnan et al., 1996). Demeter and
Matyusz (2011) proved that lean implementation requires higher inventory turnover by using cluster analysis.
Obermaier (2012) mentions that the lean approach requires lower inventory levels. Raw material, WIP and finished
goods are reduced by lean implementation (Irvine, 2003).
LaMacchia (2015) claims that there are ten ways to decline inventory:
1) Using Pareto charts for inventory
2) Declining renewal lead times
3) Revising order cycle/quantities
4) Developing prediction
5) Eliminating old stock
6) Centralizing inventory
7) Declining service level
8) Declining stock keeping unit numbers
9) Decreasing variability of demand and supply
10) Putting in order metrics (http://www.shelfplus.com)
On the other hand, Tarr (2011) asserts that there are seven ways to reduce inventory:
1) Developing data validity
2) Declining lead time
3) Raising the speed of operation
4) Eliminating the deviation of the process
5) Cleaning attic
6) Eliminating variance
7) Renewing is relied upon market demand
Drog and Germain (1998) claim that the stock level is decreased if Just In Time (JIT) is implemented.
Heijden et al. (2013) allege that shortening throughput time results in reduced inventory of spare parts.
Horenbeek et al. (2013) review the literature about inventory optimization systems.
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Characteristics
Continuous

Periodic

Table 1: Characteristics of inventory systems
Single-unit inventory
Multi-unit inventory
Wang et al. (2008b), Sergentet al.
Wang et al. (2009), Nguyen and
(2008), Nguyen et al. (2008),
Bagajewicz (2009), Xie and Wang
Nguyen and Bagajewicz (2008),
(2008), Wang et al. (2008a), Ilgin
and Tunalı (2007), Chen et al.
(2006),
Elwaany and Gebraeel (2008)
Hu et al. (2008), Brezavscek and
Hudoklin (2003)

3. Push Pull System

Kanban relates to the pull system although in Japanese it refers to a card. Kanban cards enable strict checking of WIP
occurring at sequential work stations (Marek et al., 2001).
Material Requirement Planning (MRP) is a push system in terms of manufacturing scheduling, while Kanban is a pull
system (Hopp and Spearman, 2014).
Kanban not only describes continuous manufacturing systems but also discrete manufacturing systems. On the other
hand, it is not logical to implement kanban systems in some circumstances. If there is unforeseen fluctuations, scrap
loss, important set-ups, short manufacturing time, kanban is not easy. Kanban reduces WIP levels (Spearman et al.,
1990).
CONWIP is a pull-oriented production system. CONWIP is a single step kanban system. It is a hybrid push-pull
system. After a completed part is finished in the last stage of the process, a new part is pushed into the stations.
CONWIP system uses only one card. It also utilizes cards to check the number of WIPS. It doesn’t work without a
card, so it doesn’t perform checks at each of the individual workstation. The Kanban system pulls work at the
individual stations, whereas the CONWIP system pulls work at the starting of the process. CONWIP decreases WIP
as there is only one card in the system. On the other hand, the card requires raising WIP to enable desired output.
CONWIP is not difficult to implement, since one card is sufficient for adjustment. So it is easier than the Kanban
system. In cases of bottleneck, it needs a card set for desired output. The amount of material is decreased through
checking WIP. Hence, it prevents financial loss. By checking WIP, the alterations in the cycle time are reduced (Marek
et al., 2001).
Spearman et al. (1990) compared with CONWIP, Kanban and push systems with the help of a simulation in terms of
WIP level. The results illustrated that CONWIP has lower WIP levels than Kanban systems. Similarly, Framinan et
al. (2003) stress that CONWIP is more superior than WIP in some conditions.
Push and pull system are firstly implemented in logistics, supply chain management and marketing (Hinkelman and
Putzi, 2005; Paul and Donnelly, 2002; Dowling, 2004). The push-pull system arranges the flow of information or
goods. Customers generally “pull” product, whereas suppliers “push” product for delivering customer. A push system
relies upon prediction demand, while a pull system relies upon actual customer demand (Harrison et al., 2003).
Pull system has adopted rapidly in the several sectors since it reduces wastes and WIP level (Prakash and Feng, 2011).
A pull system isn’t scheduled at the beginning of the work. Kanban is the most significant pull system. But, the Kanban
system is a subset of Just In Time (JIT). JIT covers Kanban, total quality control, set-up time reductions and employee
attendance. JIT provides to reduce WIP level, manufacturing costs and flow time. In this way, push and pull system
are different methods from each other. When MRP is used with Kanban, CONWIP occurs (Spearman et al., 1990).
Push, pull and CONWIP systems are as below (Figure 1).
Constant safety stock aims at preventing uncertainty. Therefore, it is sensitive for fluctuations. It provides to perpetuate
customer demands. Besides, it increases the credibility of company toward the customer. It eliminates the delay risk
of the supplier. Through it, production and purchasing are cheaper. Conversely, no safety stock (JIT) focusses on
avoiding storage, distortion, system, insurance, tax and capital cost (Uzunoglu, 2007).
Junior and Filho (2010) review literature the variations of the kanban. On the other hand, Kanban system is usually
divided into two groups.
Kanban single card system: Parts which are sent to the next work station in the single card system are checked by only
one kanban card. The number of kanbans checks the number of WIP box (Byron et al., 1984). A box part produced in
the previous work station is sent to the next work station with a Kanban card. When a box part is discharged to the
next work station, the box and the Kanban card are sent back to the previous work station. This kanban card allows
preparation of another part box (Ilkay and Dogan, 1988).
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Kanban double cards system: The double card system developed by Toyota consists of two cards: Transport Kanban
and Production Kanban (Chaiho, 1984)
Transport kanban is used to inform a work station in the production process how to consume manufactured parts
produced by previous stations (Chaiho, 1984). Transport kanban is mainly an information-processing system. A
process cannot draw a part from the previous process without a kanban card. Since the finished parts will be stored in
the place they will be used later, the finished parts in the previous process (in the work stations) should be moved to
the next process as soon as possible. However, this transport transaction may encounter difficulties in calculating the
actual consumption of the parts if it is made without some certain rules. Transport kanban eases information flow by
putting these rules in place (Ilkay and Dogan, 1988).
Production kanban is used to control previous processes producing more than the amount that can be used by
subsequent processes. When a basket moves to the next process, a production is free. A production system cannot start
production of a new part until a production kanban is released. Transport kanban is aimed at information processing,
while production kanban is intended for production control (Ilkay and Dogan, 1988).
PushSystem
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Process Step 1
PullSystem

Push
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Process Step 2

Process Step 3

Process Step 4

Push

Process Step 1
Pull
CONWIP System

Push

Push

Push

Process Step 1

Pull

Pull

Push

Push
Process Step 3

Process Step 2

Pull
Push
Process Step 4

Pull
Figure 1: Push, Pulland CONWIP System

4.Performance Measures

System performances can be measured by queue performances. The queue performance measures are listed below
(Taha 2003):
Queuing Performance Measures
Ls = Expected number of customers in system
Lq= Expected number of customers in queue
Ws= Expected waiting time in system
Wq= Expected waiting time in queue
c = Expected number of busy servers
Expected waiting time in system= Expected waiting time in queue + Expected service time
In push system classical (M/M/1)(GD/∞/∞) queue can be applied to each machine. From the network of the queues
(Jackson Networks) the systems overall performances such as WIP, the times lost in the queues and lead times can be
calculated. In pull systems, each machine can be modeled by (M/M/1)(GD/N/∞). However the performance of the
downstream machines will affect the upstream machines. To measure the performance a machine in the network, the
availability of the next machine downstream needs to be calculated when a product finished by a machine upstream.
If the downstream machine is not available and all the kanban containers are full, then the system is blocked. The
probability of this occurrence in a machine ( N) is called blockage rate.
N = N/(N+1) , ≠
N = 1/(N+1)
, =
The average Queue Length in Pull System is:
Ls= N + NN+1N+1)
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Once the queue length is calculated the remaining performance measures can be calculated easily.
Ls=𝜆𝑒𝑓𝑓 Ws
Lq=𝜆𝑒𝑓𝑓 Wq
Cycle Time is the time needed to produce one unit. In other words, it is throughput time. Takt time is similar to cycle
time in terms of amount of time per unit.
Lead Time is the time span between the starting time and the delivery time. Lead Time is connected with Cycle Time
due to WIP. To calculate Lead Time, the Cycle Time and the WIP have to be utilized. Lead Time encompasses value
added and non-value added. Value Stream Mapping is a useful method to find Lead Time. The number of products
which enter the line and the number of products which move out of the line are always the same. The aim of lean
manufacturing is to reduce lead time, which is the time between the customer order and customer payment
(Venkataraman et al., 2014).
Lead Time is calculated as the Number of Work Stations multiplied by the Cycle Time. The Cycle Time is production
speed, whereas Takt Time is regarded as customer demand speed (Lee et al., 2014).
Lead Time=Number of Work Station*Cycle Time
In other words, Lead Time is calculated as the total inventory waiting time plus the total process time. That is, Lead
Time is the sum of all the time spent to provide the product to the customer. Process Time can be confused with Cycle
Time. Process Time is the time required for processing in for production. It is the time that creates value. Cycle Time
is different from Process Time. Cycle Time is the time required to create production according to frequency.
Sometimes more than one product at a time may be treated in the same process. In this case, the cycle time is smaller
than the process time (Sundar et al., 2014).
Lead Time= Cycle Time*WIP or Lead Time=WIP/Throughput
Takt Time is the required time per unit to meet customer demand. It is calculated by dividing net available time into
customer demand (Sundar et al., 2014).
A stop watch can be used in order to find the Cycle Time. On the other hand, Takt Time and Lead Time cannot be
calculated using a stop watch. Lead Time and Cycle Time are related to WIP in the entire process. Cycle Time is
similar to Takt Time (Venkataraman et al., 2014).

5. Model Development

We developed an approximate model in order to compare queue performances of pull and push systems. Certain
assumptions are made:
 Parts are assumed that they are arriving to the first machine at the rate of () according to the Poisson
process.
 Parts are processed in the machine 1, machine 2, machine 3 and so on sequentially.
 The process times are exponentially distributed.
 The transfers of the material are immediate.
 There no setup times.
In push system:
 There are no limitations on queue lengths.
 FIFO queue discipline is applied.
In pull system:
 The machines fill the empty kanban containers of downstream machines.
 Empty kanbans are immediately available for upstream machines.
 If there is no empty kanban in downstream machine part processing will be stopped by upstream machine
after the processing of the part in the machine is finished.
 The processed part will wait inside the machine if a blockage occurs.
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Figure 2: Rate Diagram for Queuing System
λ
=ρ
µ
𝜇: Process rate (pieces process per hour)
𝜆: Arrival rate (pieces /hour) or the hourly production requirement
: (Machine utilization)
In pull system, if we assume that there is one kanban container and one is being process, the WIP Inventory will never
be more than two for a single machine. According to single Kanban, when each process has two goods, blockage
emerges. But if there are one or no goods in each process, blockage does not appear.
The takt time will be either 1/ or maximum of (t1, t2 or t3). The lead time can be calculated by adding the processing
times of pieces that are already in the system.
Lead time = Cycle time + Waiting time

6. Experimentation

For the experimentation purposes, system with three machines is selected. The processing times are assumed to be
100 pieces per unit time. If the blockage occurs, the product isn’t sent while downstream machine is busy. As a result
the production rate of the system decreases. After some point the pull system becomes insufficient meeting the
production requirement. To avoid this situation the number of kanban containers should be increased. Single Kanban
in such system is insufficient when 𝜆≥70 where the process rate of all three machines are 100. The effect of different
number of kanban containers (N) when λ = 70 is given below:
Table 1: Performance Measures for Kanban Size (1-5) and λ = 70
Performance
Measures
Push
Pull
Pull
Pull
Pull
Pull
System N=1
N=2
N=3
N=4
N=5
Takt Time
51,4
66,2
51,4
51,4
51,4
51,4
Lead Time
360
157,8 196,3 223,9 249,3 271,1
Cycle Time
108
157,8 133,8 121,4 115,8 112,9
WIP
7
1,4
2,7
3,6
4,3
4,9
Throughput
70
54,4
70
70
70
70
For N=1, Pull system is better than push system in terms of lead time. But, push system is more advantageous than
pull system for throughput, takt time and cycle time. For this, kanban size needs to be increases. WIP level is low in
the pull system.
For N=2 or more, WIP levels had increased in the pull system compared to N=1.
In table 2, performance of the pull system is compared with the push system. Minimum 5 kanban containers are needed
to meet the production requirements.
Performance
Measures
Takt Time
Lead Time
Cycle Time
WIP
Throughput

Push
42,4
720
108
17
85

Table 2: Performance Measurements for Kanban Size (1-5) and λ = 85
N=1
N=2
N=3
N=4
N=5
Pull
Push
Pull
Push
Pull
Push
Pull
Push
Pull
66,2
42,4
51,4
42,4
46,4
42,4
43,8
42,4
42,4
157,8
720
198,8
720
245,6
720
293,1
720
339,6
157,8
108
133,8
108
125,4
108
121,2
108
118,5
1,4
17
2,8
17
4,2
17
5,6
17
6,9
54,4
85
70
85
77,7
85
82,2
85
85
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The production capabilities of different number of kanban containers are reported in Figure 3 assuming that three
machines are working serially.
90
80
70

85

82

77
70

60
54

50

Throughput

40

Kanban Size

30
20
10
0
1

2

3

4

5

Figure 3: Relationship between throughput and kanban size for λ=90
Different service rates in three machines are given in (Table 4). If slow machine is located to the start of the production
line, takt time, lead time and cycle time decrease. On the other hand, WIP and throughput increase.
If slow machine is located to the end of the production line, takt time, lead time and cycle time decrease. On the other
hand, WIP and throughput increase.
When the performance of the system, having slow machine close to to the start of the production line is compared
with the performance of the system having slow machine near to the end of the production line, it is observed that the
takt time is lower for the first system. But, lead time, cycle time, WIP and throughput is higher.
Table 4: Performance measures for Kanban Size (8) and λ = 90
Performance
Measures
Takt Time
Lead Time
Cycle Time
WIP
Throughput

Push
51,4
360
108
7
70

Pull
100-100-100 100-150-200 200-150-100
66
157
157
1,4
54

56,3
105,9
106
1,1
64

51,4
109,1
109,1
1,2
70

To determine the kanban size for full production, the utilizations for the machines should be set to 90%. For full
production capacity, these systems are often planned at %90 level. For the three machines positioned serially in
production line at =90% production level different kanban sizes are checked. For low values of kanban size the pull
system was unable to meet the production requirements. The kanban size is continuously increased. The pull system
started to meet these requirements after kanban size of eight. For the kanban size of eight, the system performance
measurements are given in (Table 5). Takt Time and Throughput are same. Lead Time and WIP of pull system are
lower than the lead time and WIP of push system. However, the cycle time in pull system is higher than cycle time
in push system because of the blockages in the system.
Table 5: Performance Measurements for Kanban Size (8) and λ = 90
Performance
Measures
Takt Time
Lead Time
Cycle Time
WIP
Throughput

Push
40
1080
108
27
90
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40,0
488,8
114,598
11,07116
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7. Conclusion

Pull and push system compared with the help of a simple model is created by using Markov chains and Jackson
networks. Outcomes illustrate that pull system is better than push system. Pull system cannot sometimes meet
customer demand because of blockages. Since WIP level is always low, lead time is also low in pull systems. Pull
systems are always better as long as they meet production requirements. To meet the production requirements, the
ideal number for kanban containers turns out to be eight for the system with three serially connected machines. As the
number of machines in production line increases the number of kanban containers should be increased.
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Abstract
The purpose of this study is that, due to constitution a new perspective to the corporate partnership, and establishing
a new model for the partnership. Because of this purpose, in scope of this study, “partnership” and “competency of
partnership” studies about were searched. After information collection, which was gotten by literature study, “The
Model of Partnership Competency Positioning” was established. “The Model of Partnership Competency Positioning”
includes “Matrix of Partnership Competency Positioning” and three main dimensions, which are imputes of the matrix.
These inputs are “Level of Partnership Competency of Structure”, “Level of Partnership Competency of Culture” and
“Level of Assertiveness”. In the model, the value of partnership competency, which is indicated one axis of the matrix,
is calculated as average value of “Level of Partnership’s Competency of Structure”, “Level of Partnership’s
Competency of Culture”. In addition to that, value of assertiveness is gotten with “Level of Assertiveness” value. For
collecting information for each dimension, which are inputs to the model, information-collecting forms were prepared
and evaluation was made by the information, which was collected through these forms. The model, which was
established in this study lights the way for the new studies. In addition to that, by developing the model and total
study additional new perspectives to the partnership will be occurred.

Keywords

Strategic Management, Partnership, Competency, Partnership Competency

1. Introduction

Economic, politic, technologic and sociologic changes which occurred in the world in the recent 20-30 years requires
the institutions operating in production and service sectors to renew and differentiate their styles of performing their
jobs (Uzun, 2007). The institutions should well assess their organizational structures, cultures and competencies prior
to making partnership with the environment they relate with. When the partnership models in literature (Mohr and
Spekman, 1994; Bergquist et al., 1995; Eskildsen et al., 2001; Genefke, 2001; Brinkerhoff, 2002; EFQM, 2003;
Gerdes, 2003; Barratt, 2004; Sengir et al., 2004; Logan and Stokes, 2004; Reicher et al., 2005; Cassivi, 2006; Rese,
2006; Sarkis et al. , 2007; Kont et al., 2008; Bou-Llusar et al., 2009) are examined, it is observed that these models
include the answers for the questions of how an effective partnership can be established, what it should include and
which properties an institution should have for a effective partnership.
The purpose of this study is to constitute and apply a model intended for assessment of the institutions’ competency
in making partnership –which is being defined as the status of having opportunities, capabilities, attempts, behaviors
and attitudes for making partnership-, and for generation of improvement suggestions. This model assists to determine
at what degree the institutions' organizational structures and organization cultures are prone to making partnership,
and to position them in respect of these competencies. The institutions can position their status quo through this model
both on the basis of the whole institution and on the basis of departments when required, and they can determine which
kind of action they will take in order to become an institution or department which is more probe to partnership.
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2. Literature Rewiev

The partnership is the strategic purpose relation in between two independent institutions which share a common
purpose, which endeavor for a common purpose and which are able to maintain common solidarity level with high
devotion (Mohr and Spekman 1994). The institutions within the relationship combine their efforts in order to reach
the purpose, and they can not succeed alone (Ulusoy et al., 2005, Marra, 2007). In a successful partnership, both
institutions endeavor with the purpose of meeting each other’s demands in two or more work fields, developing and
expanding the existing job of the institution and finding new lines of business for the institution (Gerdes 2003, sf.8).
While partnerships are encouraging the institutions to find new technologies and markets, scale economy in common
research and/or production enables the institutions to access the information beyond their borders, to share the risk
and to reach to complementary skills (Powell,1987). At the same time, partnership is the rising business strategy
bringing the institutes and organizations together for working on a project, for constituting competency and for
improving competition (Sengir et al., 2004).
Partnership provides the institutions efficiency, flexibility, improved resources, improved markets, and it also plays a
significant role in improving the mutual attachment sense and personal satisfaction of employees (Bergquist et al.
1995). The approach of an ideal partnership passes through enabling a win-win relation -among parties partnering in
reaching the tasks and objectives- which will serve their long term purposes and which will provide productivity and
mutual sacrifice (Logan and Stokes, 2004, p.130). Partnership is the dynamic relation among various players whose
foundation is composed by a common comprehension of partnering parties through understanding each other with
mutual respect and which is based on mutually agreed objectives. Partnership covers the mutual effect among the
parties in which synergy and respect is carefully balanced. Mutual respect, equal contribution in decision making,
mutual responsibility and transparency are included within this balance (Brinkerhoff, 2002).
In literature, partnership had also been examined as a process. According to this, partnership is a process in which
independent players are in mutual relation through official and unofficial agreements, in which they mutually
constitute the rules and structures by which they can manage their relationships, in which they come together for
acting and deciding on any issue, in which mutual benefit relationship is established and in which specific principles
are shared (Thomson, 2001). Thomson (2001) had grounded partnership to five key dimensions as being governance,
administration, autonomy, shared norms and mutually beneficial interactions.
In general terms, “partnership” is the activity performed by individuals, groups or institutions of different and/or same
structure in order to reach a determined common purpose. The parties (partners) which will realize the partnership
during the performance of such activities improve each other within the frame of open communication and information
sharing, and they share each other's risks at required points. A good partnership is the one which is being carried out
within the frame of win-win. “Competency of partnership” is the whole of values, attitudes and behaviors which an
individual or institution has in order to make partnership. Within the scope of competency of partnership, the structure
and culture of the individual, group or institution should be addressed as the basis. Competency of partnership is the
competencies of the institution in making partnership and the attitudes, behaviors and attempts presented by the
institution.
2.1 Model of Partnership, and Criteria Relevant to Institution of Partnership
Different studies had been performed and models had been developed relevant to partnership. While some researchers
had integrated the effectiveness of partnership with communication and organizational culture (Sengir et al., 2004;
Bergquist et al. 1995; Logan and Stokes, 2004), some others had performed studies on the formation and development
of partnerships (Gerdes, 2003; Mohr and Spekman, 1994; Genefke, 2001; Kont et al., 2008; Barratt; 2004).
Sengir et al. (2004) had searched the effects of communication and relation among partnerships on effective
partnership, and they had assessed structure and culture together in the formation of effectiveness of relation.
According to relation-dynamism model, the effectiveness of a relation at any time is being affected from common
endeavor, communication among partners, from the quality of interaction and from social structure. Structure
dimension (centralization, transitivity and frequency), quality of interaction dimension (partnership, conflict and
confidence), communication dimension (significance and frequency of communication) and common endeavor
dimension (significance and frequency of common endeavor) are basic factors being used in the relation-dynamism
model (Sengir et al., 2004).
Gerdes (2003) had suggested a five step route map intended for the development of partnerships which includes the
steps of determining potential partnerships, approving the product, reviewing the status, forming partnership and
managing-developing the program. As the suggested route map is not valid for a single industry or product range, it
covers different industries, products and combination types. There are 7 basic dimensions required to be considered
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and examined in establishing an effective partnership. These dimensions have different properties in organizations
open for partnership compared to hierarchical organizations (Bergquist et al., 1995).
There are 3 basic motivating factors for the organizations to make partnership. These factors are practical mentality,
complementing each other of the organizations by their operation and living styles and the wish to benefit from the
experiences of the organization by which they will cooperate. During the establishment of a specific partnership, each
potential partner should trust the intent, competencies and shared perspective of the organization by which it will
cooperate. Healthy partnership among organizations is realized by the formation of new ideas through benefiting
from opposite thoughts. And for this, respect to differences of opinions and leader among partners, trust in each other,
“smooth and open” communication channels, common vision specifically determined for both parties and strategies
to reach that vision should be available (Bergquist et al., 1995; Logan and Stokes, 2004). In addition, in an institution
having the competency of making partnership, there are smooth information and communication channels at each
direction and at each level which everyone can freely access. The employees are supported and encouraged by the
institution in reaching the information and resources. There are objectives directing the sections and work groups
within the institution to a common purpose. These objectives coincide with each other and the employees endeavor to
reach such objectives. There is a network within the institution which integrate thoughts, ideas, experiences and
information for sharing. There are common values shared among the institution, its suppliers and customers, the sense
of community and mutual trust. In decision making, instead of hierarchical and centralist structure, there is an
horizontal organizational structure in which all the partners contribute to directing the company (Logan and Stokes,
2004).
In the study with the heading of “Thomas-Kilmann Conflict Mode Instrument”, the subject of “personal partnership”
had also been examined under the heading of conflict management. The partnership competency and assertiveness
levels of the individuals had been measured, and their operation manners in relations as per their assertiveness and
partnership competency levels had been determined (Thomas and Kilmann, 1974; Thomas, 1992; Duke, 1998; Logan
and Stokes, 2004). The study determines at what degree the individuals are assertive and at what degree they are open
for partnership. The partnership competency -among the basic concepts of the study- had been defined as the attempt,
behavior or attitude of the individual shown for meeting the demands and opinions of the other party in bilateral or
multiple relationships, and assertiveness had been defined as the as the attempt, behavior or attitude of the individual
shown for meeting his own demands and opinions in bilateral or multiple relationships (Thomas and Kilmann; 1974).
It had been specified that an individual may present five different attitudes as per his partnership competency and
assertiveness level.
Status of Avoidance: It is the behavior which occurs in individuals with low assertiveness and partnership competency.
The individuals who present avoidance may present political approaches and they maintain their silence until their
environment becomes better.
Status of Competing: It is the behavior which occurs in individuals with high assertiveness level and low partnership
competency. It is a power focused behavior manner. The individuals in this status act in the direction of getting their
own position and not deviating from their own rights.
Status of Making Concessions: It is the behavior which occurs in individuals with mid level of assertiveness and
partnership competency. The individuals having this behavior manner tend to find solutions which don’t satisfy both
of the parties but which are mutually acceptable. This behavior is effective in problems which should be resolved
urgently.
Status of Conforming with the Demands: It is the behavior which occurs in individuals with low assertiveness level
and high partnership competency. It is the status opposite to status of competing. These individuals have an obedient
characteristic.
Status of Making Partnership: As opposite to the status of avoidance, it the behavior which occurs in individuals with
high assertiveness and partnership competency. The individuals which make partnership are both insistent in meeting
their own requirements and concessive in meeting the requirements of the other party. The result is satisfactory for
both of the parties.
As the result of evaluation of the information obtained in the study, the behavior models presented by the individuals
are being shown in Table 1 (Logan and Stokes, 2004; Thomas and Kilmann; 1974).
Assertive
ness
Low
High

Table 1: 5 Types of Behavioral Working Relationship
Partnership
Behavioral Working Relationship
Competency
Low
Status of Avoidance
Low
Status of Competing
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Mid
Low
High

Mid
High
High

Status of Making Concessions
Status of Conforming with the Demands
Status of Making Partnership

3. Designing the Partnership Competency Positioning Model

The composed “partnership competency positioning model” consists of “partnership competency positioning matrix”
and three dimensions providing input to this matrix (Figure 1). The suggested model is based on the “Thomas-Kilmann
Conflict Mode Instrument” study of Thomas and Kilmann’ın (1974) -in which the individuals’ behavior manners in
bilateral or multiple relationships are determined- and “comparison of organization which can make partnership in
respect of factors and of hierarchical organization” study of Bergquist et al. (1995) -in which the partnering and
hierarchical organization structures are compared-.
Bergquist et al. (1995) had examined in detail the properties which the organizations being open for partnering should
have, and Thomas and Kilmann (1974) had addressed the behaviors of individuals in a relationship. Thomas and
Kilmann (1974) had assessed the personal partnership competency approach at the level of organization. As an
integrated form of both studies, “partnership competency positioning model” given in Figure 1 had been constituted.
All the examined models are studies relevant to development of partnership competency, determination of partnership
processes and determination of factors affecting the partnership (Mohr and Spekman, 1994; Bergquist et al. 1995;
Eskildsen et al., 2001; Genefke, 2001; Brinkerhoff, 2002; EFQM, 2003; Gerdes, 2003; Barratt, 2004; Sengir et al.,
2004; Logan and Stokes, 2004; Reicher et al., 2005; Cassivi, 2006; Rese, 2006; Sarkis et al. , 2007; Kont et al., 2008;
Bou-Llusar et al., 2009). In the model formed, after determining the partnership competency position of the
organization and after composing the suggestions for the organization, it should be benefited from other models for
the organization to be successful in partnership operations or for it to preserve its status.

Assertiveness

Dimension 1:
Assertiveness level of
the organization

Dimension 2:
Partnership competency level
of organizational structure

Dimension 3:
Partnership competency level
of organizational culture

Partnership Competency
Mid
High
Status o conforming
Status of avoidance
with the demands
Status of making
concessions
Status of making
Status of competing
partnership
Low

Low
Mid
High

Figure 1: Suggested partnership competency positioning model
Thomas and Kilmann, in their study named “Thomas-Kilmann Conflict Mode Instrument”, had emphasized the
subject of “partnership” in conflict management (Thomas and Kilmann, 1974; Thomas, 1992; Duke, 1998; Logan and
Stokes, 2004). In the study, the partnership competency and assertiveness levels of individuals had been measured.
Each phrase included in the information gathering forms used by Thomas and Kilmann (1974) determines whether
the individual has partnership competency or whether he is assertive. The operation manners within relationships had
been determined as per assertiveness and partnership competency degrees (Thomas and Kilmann, 1974; Logan and
Stokes, 2004; Thomas, 1992; Duke, 1998.). The partnership competency matrix formed peculiar to individuals by
using the study of Thomas and Kilmann (1974) had also been evaluated peculiar to institutions.
Three dimensions providing input to partnership competency positioning matrix:
 Partnership competency level of organizational structure: It is the dimension which determined at what degree
the structure of institution is open to make partnership. Six of seven basic fields specified in the study of Bergquist
et al. (1995) had been used in examining the determination of the partnership competency level of the institution’s
structure. In the examination, the structure and systems had been combined as a single category. Besides that,
"culture” (seventh field) specified by Bergquist et al. in their study had been addressed within the scope of
partnership competency level of organizational culture. It is being concluded that the institution is structurally
open to partnership as much as the degree of the numeric value obtained as the result of evaluation. The
partnership competency level of organizational structure is being evaluated by five sub-dimensions as being
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shared vision (SV), structure and systems (S&S), operations (O), competencies (C), and leadership and
management (L&M) (Bergquist et al., 1995).
 Partnership competency level of organizational culture: It is the digitized form of attempt, attitude and behavior
shown by the organization for meeting the demands and opinions of the partner in the partnership relationship
which the organization realizes with another organization.
 Assertiveness level of the organization: It is the digitized form of attempt, attitude and behavior shown by the
organization for meeting its own demands and opinions in the partnership relationship which the organization
realizes with another organization.
Partnership competency level and assertiveness level of organizational culture had been measured by the
information gathering form formed as being adapted from the study of Thomas and Kilmann (1974). In the suggested
model, the organization can show five different attitudes as per partnership competency and assertiveness level as in
the model of Thomas and Kilmann (1974).
 Status of Avoidance : It is the behavior which may occur in organizations with low assertiveness and partnership
competency. The organizations which present avoidance may present political approaches and they would
maintain their silence until their environment becomes better.
 Status of Competing : It is the behavior which may occur in organizations with high assertiveness level and low
partnership competency. It is a power focused behavior manner. The organizations in this status would act in the
direction of getting their own position and not deviating from their own rights.
 Status of Making Concessions : It is the behavior which may occur in organizations with mid level of
assertiveness and partnership competency. The organizations having this behavior manner tend to find solutions
which don’t satisfy both of the parties but which are mutually acceptable. This behavior would be effective in
problems which should be resolved urgently.
 Status of Conforming with the Demands:
It is the behavior which occurs in organizations with low
assertiveness level and high partnership competency. It is the status opposite to status of competing. These
organizations have an obedient characteristic.
 Status of Making Partnership : As opposite to the status of avoidance, it the behavior which occurs in
organizations with high assertiveness and partnership competency. The organizations which make partnership are
both insistent in meeting their own requirements and concessive in meeting the requirements of the other party.
The result is satisfactory for both of the parties.
Which behavioral model the organizations may show in partnership competency positioning model is being
shown in Figure 1. The undefined fields are intermediary fields, and they are being encountered as fields which are
required to be interpreted as the result of evaluation of the organization. Basically two information gathering forms
had been composed in order to transfer the composed model to practice.
3.1 Determination of the Partnership Competency Level of Organizational Structure
For the determination of the partnership competency level of the structure, it had been based on the study of Bergquist
et al. (1995) in which hierarchical organizations and organization open for partnership had been compared. Five subdimensions as being shared vision (SV), structure and systems (S&S), operations (O), competencies (C), and
leadership and management (L&M) should be evaluated in order to determine the partnership competency level of
organizational structure. While the organizations having hierarchical structure show a company focused approach in
determining their vision, mission, strategy, purpose, objective and tactics, the organizations open for partnership show
industry and market focused approach (Bergquist et al., 1995). Besides the study of Bergquist et al. (1995); Logan and
Stokes (2004), Ulusoy et al. (2005), Kont et al. (2001), Brinkerhoff (2002), Mohr and Spekman (1994), and Thomson
(2001) had specified in their studies that shared vision values are effective in partnership operations. Four items had
been composed in order to determine whether an organization has Shared Vision or not.
In the study of Bergquist et al. (1995), the structure and system categories had been addressed individually. Within
the scope of the model, the two categories had been combined and phrases under the structure and systems category
had been evaluated. While the flow of communication and access to information is progressing in a pyramid structure
in hierarchical organizational structures, this structure progresses as straight or in the form of network in organization
open for partnership Bergquist et al. (1995). Besides that, while information technologies, management
implementations, systems intended for continuous development and designing are being established in the direction
of providing a relationship from top to bottom or from bottom to top in hierarchical organizations, these systems are
being composed intended for serving an interactive structure in organizations making partnership (Bergquist et al.
1995). Logan and Stokes (2004), Barrat (2004), Genefke (2001) had emphasized the existence of open communication
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channels and importance of sharing information in formation of structure and systems of organizations. Seven items
had been composed for the evaluation of whether an organization is prone to partnership in respect of structure and
systems.
According to Bergquist et al. (1995), while efficiency is the basis in hierarchical organizations regarding their basic
operations such as re-de, production, marketing, service and finance, conformity and openness is the basis in
organizations prone to partnership. Logan and Stokes (2004) had defined partnership as per the implementation
manner of actions at tactical level. Six items had been composed in order to measure the proneness to partnership of
the sub-dimension of operations. Basically five items had been prepared for the sub-dimension of competencies. In
hierarchical organizations, the duty, function/project, work within the institution, market and competencies relevant
to industry arise from functions, and these competencies arise from processes in organizations open to partnership
(Bergquist et al., 1995). Sengir et al. (2004) and Cassivi (2006) had emphasized the requirement of forming partnership
competencies during determination of partnerships.
Nine items had been composed regarding the sub-dimension of “Leadership and Management”. In hierarchical
organizations while human resources, financial resources, management relevant to time and space and leadership
comprehension are position focused, this comprehension of personal attempt or team focused in organization structure
close to partnership (Bergquist et al., 1995). Moreover, the managers in the organization have positive effect in
contribution to partnerships and in the success of partnership (Logan and Stokes, 2004; EFQM, 2003; Bou-Llusar et
al., 2009; Brinkerhoff, 2002).
3.2 Determination of Partnership Competency Level and Assertiveness Level of Organizational Culture
For these dimensions, it had been benefited from the “The Thomas Kilmann Conflict Mode Instrument” named study
of Thomas Kilmann (1974). Information gathering form had been composed in order to determine the partnership
competency level and assertiveness level of institution’s culture. In the information gathering form, 42 items had been
included. 24 items had been adapted from the phrases included in the study of Thomas-Kilmann (1974) in the
determination of the partnership competency of the companies’ cultures. The items prepared for the individuals had
been separated from the items specifying the partnership competency of culture. 14 of 42 items had been used for the
determination of the assertiveness of the institutions by using the model of Thomas-Kilmann (1974).

4. Implementation of Partnership Competency Positioning Model and Results of
Implementation

The implementation of the model had been realized in the largest enterprise of the world producing acrylic fiber with
a capacity of 308.000 tons/year. The enterprise is covering the 95% of acrylic fiber production in Turkey, and 11% of
it in the world. The implementation of “partnership competency positioning model” had been performed in the whole
institution, at the procurement department and at the marketing deparment. Thus, the position of the whole institution,
of the procurement (suppliers) department and of marketing (customer) department within the scope of model had
been determined in respect of the partnership competencies they have.
During the implementation of the model, information gathering forms determining levels of partnership competency
of institution’s structure, partnership competency of organizational culture and assertiveness of institution had been
completed by the General Manager. By anticipating that the data obtained from information gathering form
determining the level of partnership competency of the institution’s structure reflects the general, it had also been used
in the evaluation of departments. In order to determine the position of the procurement department of the institutions
within the scope of “partnership competency positioning model”, the information gathering form for the determination
of level of partnership competency of procurement department (culture and assertiveness) had been applied to
employees of the department (three employees) who were carrying out the procurement activities and who were
specialized in their field. By taking the average –on the basis of phrases- of data obtained fro three information
gathering forms, data providing input in the determination of the levels of partnership competency and assertiveness
of the “Procurement” department’s culture had been composed. As specified before, the partnership competency level
of the structure of procurement department had been anticipated the same with the partnership competency level of
the institution’s structure.
In order to determine the position of marketing department of the institution within the scope of “partnership
competency positioning model”, information gathering form for determination of partnership competency level of
marketing department (culture and assertiveness) had been applied to the marketing manager. By the evaluation of
data obtained as the result of applied form, the values of partnership competency level and assertiveness level of the
“marketing” department’s culture had been obtained. As in the evaluation of the “procurement” department, it had
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been deemed that the partnership competency level of the marketing department’s structure was the same as the
partnership competency level of the institution’s structure.
4.1 Results of Implementation
According to general evaluation of the institution, the value of “partnership competency level of the structure” had
been obtained as 5.37. In obtaining the value of “partnership competency level of the structure”, 5 categories under
this dimension had been taken as equiponderant. The values obtained regarding each sub-category are being given
in Figure 2. As the result of the implementation, the value of “partnership competency level of culture” for the general
structure of the institution had been obtained as 5.38. By taking the averages of “partnership competency level of
structure” and “partnership competency level of culture”, the value of “partnership competency” level of the institution
had been obtained, and this value had been determined as 5.37. The obtained value is significantly close to the middle
group. And the value of “assertiveness level” of the institution had been determined as 4.33 as the result of the analysis
of data in information gathering forms. This value is positioned close to mid high level in the matrix. According to
evaluation of the institution’s procurement department, the value of “partnership competency level of culture” of the
procurement department had been obtained as 4.96. And the partnership competency level of the procurement
department’s structure derives from the value of partnership competency level of the general structure of the
institution. When the value of partnership competency level of the structure and the value of partnership competency
level of culture are addressed, the arising value of “partnership competency” level is 5.17. This value is largely close
to the middle. And the “assertiveness level” of the institution’s procurement department had been determined as 4.56
as the result of the analyses. And this value is positioned close to mid high level in the matrix.
According to evaluation of the institution’s marketing department, the value of “partnership competency level of
culture” of the marketing department had been obtained as 6.29. And the partnership competency level of the
marketing department’s structure derives from the value of partnership competency level of the general structure of
the institution. When the value of partnership competency level of the structure and the value of partnership
competency level of culture are addressed, the arising value of “partnership competency” level is 5.83. This value is
positioned close to mid high level in the matrix given in Figure 2. And the value of “assertiveness level” of the
institution’s marketing department had been determined as 3.22 as the result of the analysis. This value is positioned
close to mid low level in the matrix. In Figure 2, the positions obtained as the result of evaluation for the whole
institution, marketing department and procurement department are being given collectively.

5. Findings

The suggested model had been applied to the whole institution, procurement department and marketing department,
and it shows us the perspective of the institution against partnership. As seen in the matrix (Figure 2) in which the
positions of the institution, procurement department and marketing department are shown, all three processed fields
had not positioned within the borders of previously stated 5 status (status of avoidance, status of conforming with the
demands, status of making concessions, status of competing and status of making partnership). The whole institution,
procurement department and marketing department had not been positioned one on the other within the scope of
“partnership competency positioning model”, and they had been positioned close to each other. This positioning
generally indicates us that the perspective of the institution relevant to attitude, behavior and attempts it has regarding
partnership is effective on the procurement and marketing departments.
When the whole institution is considered within the scope of “partnership competency positioning model”, we see that
its partnership competency level is positioned high and that its assertiveness level is positioned at mid level. The
institution adopts an attitude close to status of making partnership and status of making concessions in the partnerships
it realizes. In other words, in some problems which should be resolved urgently within the scope of partnership
competency comprehension of the institution, it is prone to finding solutions which don’t satisfy both itself and the
institution it cooperates with, but which can be mutually accepted (status of making concessions). Besides this, in
some cases it can also show an attitude which will completely satisfy both itself and the partners it cooperates with.
When the general partnership competency position of the institution is compared with the partnership competency
position of the procurement department, we see that it shows a position a bit far from status of making concessions
and status of making partnership. When this comparison is made with the marketing department, it is clear that the
institution show a more collaborator status.
And when the status of procurement department is considered within the scope of “partnership competency positioning
model”, we see that its partnership competency level is high (close to middle) and that its assertiveness level is middle
(close to high). According to this condition, the procurement department sometimes shows a concessive attitude in its
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partnerships with its suppliers which doesn’t satisfy the demands of both its suppliers and itself, but it is also
sometimes involved in a partnership which satisfies the expectations of both parties.
When the partnership competency status of the procurement department is compared with the marketing department,
we observe that procurement department is more prone to making partnership compared to the marketing department.
Besides that, when the partnership competency position of the procurement department is compared with the whole
institution, we see that it shows a partnership competency status similar to the partnership competency status of the
institution but closer to making partnership.
Value of Partnership Competency of
Organizational Structure
Average
Weight Level
Level
6,50
SV
20%
S&S
20%
5,71
5,37
O
20%
4,67
C
20%
4,2
L&M
20%
5,78

Institution’s Partnership Culture
Level

Supplier's Partnership Culture
Level

Customer's Partnership Culture
Level

5,38

4,96

6,29

Institution’s Partnership Competency Level

Partnership Competency of Supllier

Partnership Competency of Customer

5,37

5,17

5,83

PARTNERSHIP COMPETENCY
1,00
1,00
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2,00

2,00

3,00

4,00

5,00
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3,00
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Status of making
partnership

Status of competing

7,00

3,72

Customer's Assertiveness Level

Status of making
concessions

Figure 2: Positions of the whole institution, procurement department and marketing department within the
partnership competency positioning matrix
And when we evaluate the marketing department within the cope of “partnership competency positioning model”, we
see that its partnership competency level is high and that its assertiveness level is at mid level. According to this
positioning on the matrix, the marketing departments shows the concessive attitude which is also being specified in
the procurement department and in the whole institution, and it also shown the status of conforming with the demands
which is not shown by the procurement department and the whole institution. Within the scope of the status of
conforming with the demands, the marketing department shows a structure which keeps the customer demands at the
forefront in its partnership with the customers and which can make concessions from its own demands. When this
condition is evaluated in respect of customer satisfaction, it can be assessed in the same category with the status of
making partnership.
In this implementation, the suggestions of “partnership competency positioning model” to position the existing status
of the institution, procurement department and marketing department towards being prone to partnership and “status
of making partnership” which is the ideal status are as follows:
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Within the scope of forming the partnership competency of the structure, concessions can be made from efficiency in
operations of the institution/ department in order to meet the expectations of the partners and in order to ensure the
satisfaction of partners and increase the partnership (Bergquist et al., 1995).
Again within the scope of increasing the partnership competency level of the structure, marketing activities and after
sales service systems should be determined mutually by the partners, and principles and rules which will also meet
the expectations of partners should be determined (Gerdes, 2003; Thomsan, 2001; Logan and Stokes, 2004; Bergquist
et al., 1995).
It is required for the institution to adopt and apply the process focused approach at the maximum extent the status of
sector and market allows rather than task focused approach (Bergquist et al., 1995).
Within the scope of partnership competency of institution’s culture, the institution’s culture should be open for the
approach of finding the middle way within the principle of mutual benefit which will meet the demands of partners in
some cases (Thomas Kilmann, 1974; Gerdes, 2003; Thomsan, 2001; Logan and Stokes , 2004; Bergquist et al., 1995).
The institution should develop its assertiveness approach on the basis of the whole institution and on the basis on
procurement department and especially the marketing department, and it should be insistent in its requests and
demands (Thomas Kilmann, 1974, Bergquist et al., 1995).

6. Conclusion

Within the scope of composed model, first the method of determination of the status of institutions had been applied
in order to improve the partnership competency comprehensions of the institutions, and the “partnership competency
positioning model” had been composed. This model can be used in determining the position of partnership
competency of the institution’s departments as well as being applied in the whole institution.
The status which is being specified within the scope of the model and which is the most ideal one for the institutions
is having the status of making partnership. Within the scope of “partnership competency positioning model”, its
partnership competency level is positioned high and its assertiveness level is positioned at mid level. The institution
is close status of making partnership and status of making concessions in its partnerships realized as per its position.
This condition can be interpreted as that in some problems which should be resolved urgently within the scope of
partnership competency comprehension of the institution, it is prone to finding solutions which don’t satisfy both itself
and the institution it cooperates with, but which can be mutually accepted (status of making concessions). Besides
that, in some cases the institutions can adopt an attitude which can completely satisfy both itself and its partners within
the scope of status of making partnership. The partnership competency level of the procurement department is high
(close to middle) and its assertiveness level is positioned at mid level (close to high). According to this condition, the
procurement department sometimes shows a concessive attitude in its partnerships with its suppliers which doesn’t
satisfy the demands of both its suppliers and itself, but it is also sometimes involved in a partnership which satisfies
the expectations of both parties. While procurement department is more prone to status of making partnership
compared to the marketing department, it is close to institution's partnership competency, but it shown an attitude
close to status of making partnership. And the marketing department’s partnership competency level is high and
against that its assertiveness level is at mid level. The marketing departments shows the concessive attitude which is
also being specified in the procurement department and in the whole institution, and it also shown the status of
conforming with the demands which is not shown by the procurement department and the whole institution. Within
the scope of the status of conforming with the demands, the marketing department shows a structure which keeps the
customer demands at the forefront in its partnership with the customers and which can make concessions from its own
demands. When this condition is evaluated in respect of customer satisfaction, it can be assessed in the same category
with the status of making partnership.
According to the results of implementation, concessions can be made from efficiency in order to ensure partners
satisfaction in some cases for increasing the partnership competency on the basis of both the whole institution and on
the basis of procurement and marketing departments. In addition, determination of marketing activities and after sales
service systems mutually with the partners will increase the partnership competency level of the structure. The
transition of the institution’s structure from task focused approach to process focused approach, and approaches such
as increasing the assertiveness of both the institution and the departments will position the processed institutions and
departments as per their status of making partnership within the scope of “partnership competency positioning model”.
During the evaluation of the model, weighting may be realized by the "analytic hierarchy process" approach, or the
model can be developed by making evaluations with the "fuzzy logic" approach.
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Abstract
Accurate day-ahead price forecasting is vital for all market participants in the competitive electricity market. On the
supplier side, bidding strategies can be formed based on price forecasts in order to achieve maximum profit, and on
the demand side, consumption can be planned in order to achieve minimum cost. As well as being significant, price
forecasting is hard work since historical price data has complex features such as non-stationarity and high volatility.
The importance of price forecasting has led to many studies in that area and there have been numerous methods
developed for day-ahead electricity price forecasting. A support vector machine is a successful machine-learning
technique applied to price forecasting. Wavelet transformation is a transformation technique that has good
performance in managing non-stationary data. In our study, we use a hybrid method which is a combination of the
wavelet transformation and support vector machine for day-ahead electricity price forecasting. We use forecasting
error comparisons with the support vector machine method and the hybrid method for performance assessment.

Keywords:

Electricity; price forecasting; support vector machines; wavelet transform; Turkey

1. Introduction

According to a World Bank report, Turkey is the 18th largest economy in the world with a population of 75 million
and a gross domestic product of US$785 billion (World Bank, 2013). The Turkish government’s aim is to continue
economic growth and make the country one of the world’s 10 largest economies by 2023. Electricity is a significant
component in stimulating the growth of a country. As a consequence of technological developments and improved
quality of life, electricity as a secondary energy source is a major element in today’s world. Electricity is seen as the
most important energy carrier and the most appropriate way of transmitting energy services in modern society.
Turkey’s electric power market has undertaken significant restructuring. Electricity price is an important factor in
making critical decisions and developing new strategies for policy makers. Accurate prediction of electricity price is
apparently vital for developing short and mid-term strategies. In the short term, a producer needs accurate day-ahead
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price forecasts to plan its operating units and to derive an optimal bidding strategy. For instance the maintenance of
operating units can be scheduled for hours with a low price forecast, and production can be maximized in the hours
with a high price forecast. In the mid-term, a supplier can sign profitable bilateral contracts based on the forecast
electricity price. On the other side, an electricity price forecast is also important for consumers, both for short and
mid-term strategies. In the short term, consumers can make schedules according to the price forecasts and in the midterm they can sign advantageous bilateral contracts.
Due to the importance of accurate electricity price forecasts for both supply and demand, small improvements can
lead to substantial cost savings. In this study, we have used state of the art computation methods to forecast the dayahead electricity price for Turkey. Two techniques are considered: the support vector machine and wavelet
transformation, since both are powerful techniques for day-ahead electricity price forecasting. We applied the hybrid
method which is a combination of support vector machine and wavelet transformation, as well as the support vector
machine method. The forecast results are compared with real price values to measure the performance of the methods.

2. Literature Review

Electricity price forecasting has become more and more important for all energy market players in today’s competitive
market. There are many studies about forecasting electricity prices. Making electricity price forecasts is hard due to
complex features of electricity price data such as non-constant mean and variance, seasonality, high frequency, high
volatility, outliers and the calendar effect on weekend and holidays (Conejo et al., 2005).
Time series approaches are widely used for electricity price forecasting. Contreras et al. (2003) used autoregressive
integrated moving average (ARIMA) models to predict next-day electricity prices and applied their approach to the
Spanish and Californian energy markets. Average errors in the Spanish market were around 10%, and for the
Californian market around 5%. The authors concluded these errors were reasonable due to the complexity of price
data. Fosso et al. (1999) also used auto regressive (AR) models to predict weekly electricity prices. Bowden and Payne
(2008) proposed ARIMA, ARIMA-EGARCH (exponential generalized autoregressive conditional heteroskedasticity)
and ARIMA-EGARCH-M models for electricity price forecasting of five hubs of the Midwest Independent System
Operator. Diongue et al. (2009) used the GIGARCH model which considers many observed characteristics of the
electricity spot prices such as stochastic volatility, long memory and periodic behavior, in order to forecast electricity
prices in the German spot market. The authors compared the method with the SARIMA–GARCH benchmark model
and concluded that the proposed model outperformed it.
The artificial neural network technique is another commonly used approach to electricity price forecasting (Szkuta et
al., 1999; Hong et al., 2002; Yamin et al., 2004; Zhang et al., 2005; Mandal, 2006; Gareta, 2006; Singhal and Swarup,
2011; Anbazhagan and Kumarappan, 2012). Use of an artificial neural network is also combined with other techniques,
and new hybrid methods have been proposed by many researchers. A hybrid method consisting of ANN and fuzzy
logic is proposed by Rodriguez and Anders (2004) and the method was applied successfully in the Ontario electricity
market. The hybrid method of ANN and fuzzy logic is also used in the work of Ramsay et al. (1998) for the EnglandWales electricity market. Chaâbane (2014) proposed a new hybrid method which is a combination of Auto-Regressive
Fractionally Integrated Moving Average (ARFIMA) and artificial neural networks. The author tested the performance
of their method with other methods on the Nordpool electricity market. Based on performance comparison with respect
to RMSE, the MAE and the MAPE, it was concluded that the hybrid method outperforms pure ARFIMA, a pure ANN
model and hybrid model of ARIMA and ANN.
A support vector machine (SVM) is another machine learning method which has many applications in electricity price
forecasting (Sun et al., 2006; Swief et al., 2009; Shayeghi and Ghasemi 2013). The support vector machine technique
has advantages over other methods, such as the ability to avoid problems like data over-fitting and local minimum,
while having better performance. Another superiority of SVM over ANN is its less complicated control parameter
selection. The method is also very robust since it gives the same acceptable result regardless of the initial values (Yan
and Chowdhury, 2014).
Sansom et al. (2002) applied SVM for electricity price forecasting for the Australian National Electricity Market, New
South Wales regional data. They also applied ANN to the data with the same input as SVM in order to compare
performances of the methods. Based on the results, the authors concluded that SVM requires less time for training
optimally and results in more consistent forecasts. Wang and Qin (2010) used a hybrid method of rough sets and the
SVM method which applies the rough sets to simplify the SVM input variables. Yan and Chowdhury (2014) used
multiple SVM which is a combination of SVM classification module and SVM regression module for mid-term
electricity price forecasting. With the help of the SVM classification module the historical data was pre-processed by
classifying the data into four separate price patterns, as low, medium, high and peak. After the classification module,
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the electricity price is forecasted for each price pattern. The proposed method is applied to PJM interconnection data
and has shown superior performance over the single SVM model with higher overall system prediction accuracy.
As well as individual methods, hybrid models are commonly applied to electricity price forecasting. Hybrid methods
generally demonstrate superior performance over pure methods since hybrid models can compensate the weaknesses
of pure methods. The wavelet method is commonly used as a data pre-processing method in most of the hybrid
methods for electricity price forecasting (Kim et al., 2002; Conejo et al., 2005; Tan et al., 2010; Zhang and Tan, 2013;
Osorio et al., 2014). Originally wavelet transformation was used for signal processing and it is very useful for
decomposing complex data into less complex components. The ability of the method to transform ill-behaved data
into well-behaved data series makes it ideal for non-stationary data. Since electrical price signals are non-stationary,
wavelet transformation serves as a powerful tool for signal decomposing.
Kim et al. (2002) proposed a hybrid method using wavelet decomposition and a multiple regression technique. In their
method, the authors used wavelet transformation for calculating the regression coefficients. The final price forecast is
calculated by the previous day’s low frequency and the predicted high frequency components. Another work using
wavelet transformation for electricity price forecasting is by Conejo et al. (2005), in which the authors propose a
wavelet-ARIMA technique. Wavelet transformation is used when decomposing the price series and ARIMA process
is used for modeling the resulting detail and approximation series. The hybrid method is applied to the Spanish
electricity market and its performance is tested against pure ARIMA process. According to the results, the hybrid
method performs better for each season, but has a much superior performance in the winter season with a 25% error
reduction.
In this study, we used the hybrid wavelet-SVM method for predicting day-ahead electricity price values for the Turkish
electricity market. Wavelet transformation is used for pre-processing data and decomposing the original data into
approximation and detail components. After the decomposition step, SVM is used as a powerful tool for electricity
price forecasting. The performance of the hybrid method is compared with single SVM model by applying it to real
electricity price data for 2014.

3. Theoretical Background
3.1. Support Vector Machine (SVM)
A support vector machine (SVM) is a new and promising technique for data classification and regression (Vapnik,
1998).

Figure 1: Simplest Illustration of SVM
The hyper plane separating two classes which can be found by minimization of training error can be formulated
mathematically as follows:
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The above quadratic problem with linear constraints can be reformulated by defining Lagrangian multipliers
 and  and the Lagrangian equation becomes:

(

n
n
n
1 2
w  C   i )   i ( yi (wT xi )  b)  1   i     i i
2
i 1
i 1
i 1

Taking derivatives with respect to w, b and

i

for finding stationary points of this Lagrangian equation:

n
L
= w -   iyixi  0
w
i 1

L n
   iyi  0
b i 1
L
 i  i  C  0
 i
n

After taking partial derivatives, by substituting w as

i i

i

in the Lagrangian equation, the Lagrangian dual

i 1

formulation becomes:

max

 y x

1 n
1
 i    i j yiyjxixj

2 i 1
2 ij

s.t.
n

 y  0
i i

and0   i  C

i 1

The solution includes the dot product of training points; the formulation above is generalized into nonlinear class by
introducing a Kernel function. Kernel functions are used for mapping input vectors into a high-dimensional feature
space. The most commonly used kernels in SVM are linear, radial basis function (RBF) and sigmoid. These kernel
functions are calculated as follows:


Linear Kernel:

K (xi , x j )  xTi x j



Radial Basis Kernel: K (xi , x j )  exp( 



Sigmoid Kernel:

xi  x j
2 2

2

)

K (xi , x j )  tanh(0 xTi x j  1 )

By using these kernel functions, the decision function derived by the SVM classifier is computed as follows for a twoclass problem:
n

f ( x)  sgn(  i yiK ( x, xi)  b
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3.2. Wavelet Transformation (WT)
Wavelet transformation is an effective mathematical tool for signal processing. With the help of wavelet
transformation any function can be represented as a set of constitutive functions. Wavelet transformation decomposes
a signal into an approximation component and many detailed components. The original data is expressed as a
summation of the approximation component and detail components. The wavelet transformation decomposes data in
both time and frequency domains. The approximation component stores the low frequency information and the detail
components store the high frequency information. Original data is expressed as the summation of approximation and
detail components in each decomposition level as the summation of a1 and d1 at level 1, as the summation of a2, d1
and d2 at level 2, as the summation of a3, d3, d2 and d1 at level 3, and the procedure goes on the same manner until
it reaches the desired decomposition level.
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Figure 2:Simplest Illustration of Wavelet Transformation

4. The Proposed Methodology

In this work, wavelet transformation using the Haar wavelet is applied to decompose electricity price data. After the
decomposing step, SVM using radial basis kernel is used for each component in order to make a forecast. The estimates
are finally aggregated to get the final electricity price forecast value. The steps of the forecasting based on the waveletSVM method are presented in Figure 3.
Electricity Price Data

Wavelet Transformation

Forecasting with SVM Method

Final Price Forecast

Figure 3: Procedure of the proposed method
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The steps of the proposed method are described in detail as follows:
Step 1 Using wavelet transformation, electricity price series Xt is decomposed into one approximation series defined
as a3t and three detail series defined as d1t, d2t and d3t respectively.
Step 2 SVM is applied to forecast the future values of a3t, d1t, d2t and d3t for price prediction.
Step 3 The forecast results of series a3t, d1t, d2t and d3t are composed to form the final price prediction.

5. Numerical results

The hybrid method of wavelet transformation and SVM is applied to the Turkish electricity market price data. In order
to make a comparison, the pure SVM method is also applied to the data to see the effect of using wavelet
transformation. The data contains hourly electricity price information from January 1 to December 31 2014. The data
set is composed of two parts: the training data, which is used for model building, and testing data, which is used to
test the performance of the methods. In order to make a comparison across the four seasons of 2014, four weeks
corresponding to the four seasons are considered as the testing period. The fourth weeks of February, May, August
and November are selected as the testing set corresponding to winter, spring, summer and fall seasons which is the
test period considered in Amjady (2006), Amjady and Daraeepour (2009a), Amjady and Daraeepour (2009b) and Tan
et al. (2010). The training data is the historical data from 50 days previous to the beginning of the weekly test period.
In order to compare performance of the methods, the weekly absolute error measure proposed by Conejo et al. (2005)
is used. The weekly absolute error is defined as:
MAPEweek



where:

1 168 Pt  Ft
(
168 t 1 Pweek

Pt is the actual price of hour t; Ft is the forecasted prices of hour t and Pweek is the actual average price of the
corresponding week.
The results of both SVM and the wavelet-support vector machine conjunction model are shown in Table 1. As can be
seen from the table, the weekly absolute error values of the hybrid method are lower than the error values of pure
SVM method in all four test periods. The average weekly absolute error values are 10.20 for SVM and 7.41 for the
WT + SVM hybrid method. This result indicates that the hybrid technique performs better than the pure SVM in
electricity price forecasting.
Test Week
Winter
Spring
Summer
Fall
Average

Table 10: Results of the methods for each season
SVM
WT + SVM
8.86
7.39
14.08
10.45
5.56
4.05
12.30
7.76
10.20
7.41

6. Conclusion

In this study, we considered an important research topic, electricity price forecasting, and applied two powerful
techniques. Since electricity price data has a non-stationary pattern, it is hard to make an accurate prediction with
traditional methods, so, there is a need for specialized methods to obtain day-ahead electricity prices. Wavelet
transformation serves as a powerful technique for data pre-processing and decomposes ill-behaved data into wellbehaved data series. Support vector regression is also a powerful technique for forecast nonlinear and non-stationary
data. A wavelet-support vector machine conjunction model is used for the day-ahead electricity price forecasting of
the Turkish electricity market. The pure SVM method is applied in order to compare the performance of the methods.
Based on the results, the use of wavelet transformation for data pre-processing increases the performance of SVM,
since the hybrid method has lower error value than the SVM method.

184

Proceedings of the 2nd Global Conference on Engineering and Technology Management 2015, Chicago, IL, USA,
September 4 – 5, 2015

References

Anbazhagan , S. & Kumarappan, N. (2012). Day-ahead deregulated electricity market price classification using neural
network input featured by DCT. Electrical Power and Energy Systems, 37, 103–109
Amjady N. (2006). Day-ahead price forecasting of electricity markets by a new fuzzy neural network. IEEE Trans
Power Syst, 21(2),887–96.
Amjady, N. & Daraeepour, A. (2009a). Design of input vector for day-ahead price forecasting of electricity markets.
Expert Syst Applications, 36, 12281–12294.
Amjady, N. & Daraeepour, A. (2009b). Mixed price and load forecasting of electricity markets by a new iterative
prediction method. Electr Power Syst Res, 79(9), 1329–1336.
Bowden, N. & Payne, J.E. (2008). Short-term forecasting of electricity prices for MISO hubs: Evidence from ARIMAEGARCH models. Energy Economics, 30, 3186–3197.
Chaâbane, N. (2014). A hybrid ARFIMA and neural network model for electricity price prediction, Electrical Power
and Energy Systems, 55, 187–194.
Conejo, A.J, Plazas, M.A, Espinola, R. & Molina, A.B. (2005). Day-ahead electricity price forecasting using the
wavelet transform and ARIMA models. IEEE Trans Power Systems, 20, 1035–1042.
Conejo, A.J., Contreras, J., Espinola, R. & Plazas, M.A. (2005). Forecasting electricity prices for a day-ahead poolbased electric energy market. International Journal of Forecasting, 21, 435–462.
Contreras, J., Espinola, R., Nogales F.J., & Conejo, A. J. (2003). ARIMA models to predict next day electricity prices.
IEEE Trans Power Systems, 18, 1014–1020.
Diongue, A.K., Guegan, D. & Vignal, B. (2009). Forecasting electricity spot market prices, Electron Power Energy
Systems, 26, 571–581.
Fosso, O. B., Gjelsvik, A., Haugstad, A., Birger, M. & Wangensteen, I. (1999). Generation scheduling in a deregulated
system. The Norwegian case. IEEE Trans. Power Syst., 14(1), 75–81.
Gareta, R., Romeo, L. M., & Gil, A. (2006). Forecasting of electricity prices with neural networks. Energy Conversion
and Management, 47, 1770–1778.
Hong, Y.Y. & Hsiao, C.Y. (2002). Locational marginal price forecasting in deregulated electricity markets using
artificial intelligence. Inst Electr Eng Gen Transm Distrib, 149, 621–626.
Kim, C.I., Yu, I. K., & Song, Y. H. (2002). Prediction of system marginal price of electricity using wavelet transform
analysis. Energy Conversion and Management, 43, 1839– 1851.
Mandal, P., Senjyu, T. & Funabashi, T. (2006). Neural networks approach to forecast several hour ahead electricity
prices and loads in deregulated market. Energy Conversion and Management, 47, 2128–2142.
Osorio, G.J., Matias, J.C.O. & Catalao, J.P.S. (2014). Electricity prices forecasting by a hybrid evolutionary-adaptive
methodology. Energy Conversion and Management, 80, 363–373.
Ramsay, B. & Wang, A.J. (1998). An electricity spot price estimator with particular reference to weekends and public
holidays. Neurocomputing, 23, 47–57.
Ramsay, B., & Wang, A. J. (1998). A neural network based estimator for electricity spot-pricing with particular
reference to weekend and public holidays. Neurocomputing, 23, 47– 57.
Rodriguez, C. P. & Anders, G. J. (2004).Energy price forecasting in the Ontario competitive power system market.
IEEE Trans. on Power Systems, 19(3), 366–374.
Shayeghi , H. & Ghasemi, A. (2013). Day-ahead electricity prices forecasting by a modified CGSA technique and
hybrid WT in LSSVM based scheme. Energy Conversion and Management, 74, 482–491.
Singhal, D. & Swarup, K.S. (2011). Electricity price forecasting using artificial neural networks. Electron Power
Energy Systems, 33, 550–555.
Sun, W., Lu, J.C. & Meng, M. (2006). Application of time series based SVM model on next day electricity price
forecasting under deregulated power market, Proceedings of the International Conference on Machine Learning
and Cybernetics, 2373–2378.
Swief, R.A., Hegazy, Y.G., Abdel-Salam, T.S. & Bader, M.A. (2009). Support vector machines (SVM) based short
term electricity load-price forecasting, Proceedings of the IEEE Bucharest PowerTech, 1–5.
Szkuta, B. R., Sanabria, L. A., & Dillon, T. S. (1999). Electricity price short-term forecasting using artificial neural
networks. IEEE Transactions on Power Systems, 14(3), 851–857.
Tan, Z., Zhang, J., Wang, J., & Xu, J. (2010). Day-ahead electricity price forecasting using wavelet transform
combined with ARIMA and GARCH models. Applied Energy, 87(11), 3606–3610.
Vapnik V.N. (1995). The nature of statistical learning theory. New York, NY, Springer.
Wang, T. & Qin, L.J. (2010). Application of SVM based on rough set in electricity prices forecasting, Proceedings of
the 2010 international conference on environmental science and information application technology, 317–320.

185

Proceedings of the 2nd Global Conference on Engineering and Technology Management 2015, Chicago, IL, USA,
September 4 – 5, 2015
Yan, X. & Chowdhury, N. A. (2014). Mid-term electricity market clearing price forecasting: A multiple SVM
approach. Electrical Power and Energy Systems, 58, 206–214.
Yamin, H.Y, Shahidehpour, S.M. & Li, Z. (2004). Adaptive short-term electricity price forecasting using artificial
neural networks in the restructured power markets. Electron Power Energy Systems, 26, 571–581.
Zhang, L., Luh, P.B. & Kasiviswanathan, K. (2005). Electricity price short term forecasting using artificial neural
networks. IEEE Trans Power Systems, 20, 59–66.

186

Proceedings of the 2nd Global Conference on Engineering and Technology Management 2015, Chicago, IL, USA,
September 4 – 5, 2015

The Influence of Personality Traits on Job Stress, Job Satisfaction
and Turnover Intention among IT Professionals in Turkey
Cigdem Altin Gumussoy
Management Faculty
Industrial Engineering Department
Istanbul Technical University
Macka, Istanbul 34367, Turkey
Abstract
The aim of this study is to explore the effect of the five-factor model of personality traits (extraversion, neuroticism,
agreeableness, openness to experience, conscientiousness) on job stress, job satisfaction and turnover intention among
IT professionals in Turkey. A total of 430 questionnaires were collected to test the developed research model using
LISREL 8.54. The results showed that neuroticism is the sole predictor of job stress, and both job stress and
neuroticism have negative effects on job satisfaction. Furthermore, neuroticism has an indirect effect on turnover
intention together with job satisfaction and job stress. Among the predictors of turnover intention, job stress is found
to have the strongest effect. The results are followed by the discussion of the findings, practical implications and
future research areas.
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1. Introduction

Information technology (IT) professionals often face with work-related stress (Dhar and Dhar, 2010). According to
the results of IT Admin Stress Survey conducted in 2012, nearly 70 percent of IT administrators consider their jobs
stressful and 67 percent of them think of changing their careers due to high stress (eWeek, 2012). Stress can be
considered as “a force acting on a person to cause discomfort or strain” (Lee and Lee, 2001), which may lead to
psychological-, self-report- and even objective health problems or social outcomes such as quitting and feeling of
exhaustion. Several times, humans try to cope with stressful conditions to return to an “equilibrium state”. However,
in some conditions the stress level is very high to overcome in which negative perceptions may hinder to continue
functioning effectively (Deary et al., 1996). Consequently, high turnover rate becomes an unavoidable result, affecting
the performance of organizations inversely (Chen et al., 2011). Since a loss of an individual IT employee may affect
the successful implementation of a new system (Moore and Burke, 2002). Furthermore, for the stability of the labor
force, additional costs for the recruitment and training of new employees will inevitably arise (Chen et al., 2011).
Therefore, understanding the factors affecting job stress and accordingly turnover intention becomes critical.
Several factors contribute to the level of job stress such as heavy work load, inadequate number of employees, role
ambiguity, work-family conflict, role-conflict, time pressure, lack of communication, reward system, resource
inadequacy (Dhar and Dhar, 2010; Calisir et al., 2011; Lee and Lee, 2001). In addition to the work-related factors,
personality traits were found to be the antecedents of job stress (Lue et al., 2010) and turnover behavior. Individuals
may react differently to the stressors according to their personalities (Kroemer et al., 2000). A literature review of
Tokar et al. (1998) between the years 1993-1997 revealed that among the personality traits neuroticism, extraversion
and conscientiousness have the most frequent relationship with vocational behavior. In the current study, the fivefactor model of personality dimensions, such as extraversion, neuroticism, conscientiousness, openness to experience,
agreeableness, is used to describe the personality traits. This type of taxonomy allows integrating wide array of
personality and can be applicable across cultures (McCrae and John, 1992).
Several studies have confirmed the significant effect of personality traits on job stress among- doctors (Deary et al.,
1996), residency training students (Lue et al., 2010), police forces (Ortega et al., 2007; Lau et al., 2006), ambulance
professionals (Sterud et al., 2011), nurses (Burgess et al.; 2010; Day and Bedeian, 1995). However, to our knowledge,
no other studies have investigated the effect of personality traits on job stress among IT professionals. Therefore, in
this study, the effect of the five-factor model of personality traits on job stress and eventually on job satisfaction and
turnover intention among IT professionals working in Turkey will be investigated.

187

Proceedings of the 2nd Global Conference on Engineering and Technology Management 2015, Chicago, IL, USA,
September 4 – 5, 2015
The next section discusses the research model and the hypotheses included in the research model. Then, the
methodology and the results of the study are mentioned. This study concludes with the discussion of the findings,
managerial implications and possible further studies.

2. Research Model

Figure 1 shows the research model developed for the current study.
Five-factor Model of
Personality
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Figure 1 Research model
2.1 Turnover Intention
Turnover intention can be described as the “conscious and deliberate willfulness to leave the organization” (Tett and
Meyer, 1993, p.262). The Theory of Reasoned Action states that intention is the immediate predictor of actual
behavior, since most behaviors are on one’s own initiative. In our context, professionals first make an intention to
leave their current jobs and then actually terminate, because it is expected that the preference of an individual will
actually be performed in the prospective time (Ajzen and Fishbein, 1980). Therefore, understanding factors affecting
turnover intention is critical to reduce staff turnover.
2.2 Job Satisfaction
Job satisfaction can be defined as the “result of employees' perception of how well their job provides those things that
are viewed as important” (Kanwar et al., 2012). Dissatisfied employees may change their current job, which means
an unexpected turnover from the human resource management perspective and incurs high costs to companies during
the selection, recruitment and training of new employees (Monte, 2012). The relationship between job satisfaction
and turnover intention has been empirically supported by several studies (Jang and George, 2012; Joseph et al., 2007;
Calisir et al., 2011). Joseph et al. (2007) conducted a study among IT professionals to explore the effects of job-related
factors, perceived organizational factors, demographics and human capital on job satisfaction, turnover intention and
perceived job alternatives, and found that job satisfaction has a negative effect on turnover intention together with
perceived job alternatives, job performance, role conflict, pay, promotability, gender and education; Jang and George
(2012) found that non-supervisory hotel employees’ job satisfaction is negatively related with turnover intention;
Calisir et al. (2011) found that from the perspective of IT professionals, the decision to quit a job is predicted by both
job satisfaction and organizational commitment directly. Therefore, the following hypothesis is proposed:
H1: Job satisfaction has a negative effect on turnover intention
2.3 Job Stress
Job stress can be defined as the feeling of negative emotions such as anxiety, depression, frustration or anger resulting
from the work itself (Kyriacou, 2001). Stressful working conditions may overload the employee and result in
ineffectiveness, evasive behavior, anxiety and even illness. A fit between the job demands and employee’s capability
may increase the performance, and accordingly the level of satisfaction with the job. If the capacity of the employee
is not enough for the requirements of the job, then the employee looks for alternative ways to reduce the workload or
seek alternative positions with less stress (Kroemer et al., 2000). Several studies also confirmed the significant effect
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of job stress on turnover intention (Lue et al., 2010; Kamalanabhan and Sree Rekha, 2010; Chen et al., 2011). Lue et
al. (2010) found that job stress, working hours/week, introversion, conscientiousness, having negative affectivity and
using disengagement coping were the antecedents of burnout; Kamalanabhan and Sree Rekha (2010) explored the
important effects of organizational commitment, job satisfaction, support and decrease in job stress on the decision of
call center employees to stay in their current company in India; Chen et al. (2011) found that role conflict, role
ambiguity and role overload are the antecedents of job stress, and employees experiencing higher stress are more
likely to leave their current job. Therefore, the following hypothesis is proposed:
H2: Job stress has a positive effect on turnover intention
It is hypothesized that the stress related with the job may decrease the performance and job satisfaction. Several studies
also confirmed the significant effect of job stress on job satisfaction (Calisir et al., 2011; Gaither et al., 2008; Day and
Bedeian, 1995). By collecting data from IT professionals in Turkey, Calisir et al. (2011) found that job satisfaction is
negatively predicted by job stress together with role ambiguity; Gaither et al. (2008) explored that job stress is
predicted by role conflict, role overload, work-home conflict, environmental aspects and interpersonal interactions;
and in turn job stress has a direct negative effect on job satisfaction from the perspective of pharmacists; Day and
Bedeian (1995) found a significant negative correlation between job stress and job satisfaction by collecting data from
nurses in United States. Therefore, the following hypothesis is proposed:
H3: Job stress has a negative effect on job satisfaction
2.4 The Five Factor Model of Personality
The five-factor model of personality has five basic dimensions: agreeableness, openness to experience, neuroticism,
extraversion and conscientiousness. In this type of organization, personality traits are described by natural language
adjectives in a hierarchical structure. Due to its applicability across cultures and evidence of comprehensiveness, the
five-factor model of personality traits was chosen (McCrae and John, 1992).
Agreeableness individuals possess considerate, generous, appreciative, cooperative, forgiving, sympathetic, not
critical, warm and basically trustful nature towards others (McCrae and John, 1992). IT professionals carry out a
project-based work, which have to be completed by the due date in order to deliver the project on time. Therefore, ontime delivery and completion of a project is a strict conflict for the project team (Dhar and Dhar, 2010). Since
agreeableness individuals have close relations and relational contract with their colleagues, cooperation in the project
may lead to the success of IT professionals (Raja et al., 2011). On the other hand, when a new IT professional joins
to a project, many project members without agreeableness property do not want to cooperate with the newly recruited
professional in the project due to the time-conflict of project completion. Inadequate information about- the project or
the role of the new employee in the project may lead to role ambiguity, which may cause stress and increase the
communication gap amongst the project team (Dhar and Dhar, 2010). However, agreeableness individuals try to help
and unselfish to others.
Individuals having openness to experience trait have two sides to be considered: one side includes openness to original
ideas and many different things; the other side includes openness to artistic, aesthetic experiences like art, music or
literature (McCrae and John, 1992). This personality trait can be used as a coping strategy for job stress. Socialization
with others, spending quality time with the family may be used as a way to take the professionals’ minds off from
work-related stress. Besides, artistic and aesthetic experiences may help professionals to take a break from the work
both mentally and physically. Furthermore, IT is an ever-changing field and working in this area requires IT
professionals to remain updated. For those who do not keep pace with the changes or do not have adequate experience
or training may feel the pressure and consecutively stress harder (Dhar and Dhar, 2010). Neurotic individuals rely on
emotion-focused strategies due to their tendency to annotate stressful problems as threats rather than challenges (Lue
et al., 2010; David and Suls, 1999). They are continually preoccupied with their inadequacies and shortcomings, which
are the predictors of psychological distress, emotional exhaustion and even musculoskeletal disorders, since these
deficiencies are intolerable from their perspective (Sterud et al., 2011). Extraverted individuals reflect active, assertive,
energetic, enthusiastic characteristics (McCrae and John, 1992). Extraverted individuals see problems that lead to
stress as challenges and adopt problem-focused coping strategies (David and Suls, 1999). Furthermore, their
talkativeness and assertive nature may be used as a way to solve the work related problems causing stress.
Conscientiousness individuals reflect efficient, organized, planful, reliable, responsible and thorough characteristics
(McCrae and John, 1992). Although a systematic and planned working nature may be considered to decrease the job
related stress, excessive and unrealistic expectations from the employees may lead to excessive job stress and
eventually burnout (Lue et al., 2010).
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Therefore, personality traits are related with the level of stress perceived. Several studies also explored the significant
effect of the five-factor model of personality traits on job stress (Lau et al., 2006; Deary et al., 1996; Ortega et al.,
2007; Sterud et al., 2011; Burgess et al., 2010). Therefore the following hypotheses are proposed:
H4 (a-e): The five-factor model of personality --- (a) conscientiousness-negatively, (b) neuroticism-positively,
(c) extraversion-negatively, (d) openness to experience- negatively, (e) agreeableness- negatively --- has an effect
on job stress.

3. Methodology
3.1 Procedure
For the present study, a questionnaire was prepared to validate the relationships defined in the research model. The
questions were derived from the review of the related literature (Firth et al., 2004; LeRouge et al., 2006; John et al.,
2008; John et al., 1991; Benet-Martinez and John, 1998). The five factor model of personality traits were measured
using the “Big Five Inventory”, which shows adequate reliability and construct validity (John et al., 2008; John et al.,
1991; Benet-Martinez and John, 1998). The items related with the job stress and turnover intention were drawn from
the study of Firth et al. (2004); job satisfaction was measured by nine items used by LeRouge et al. (2006).
Turnover intention was measured by the two-item scale: “How often do you think about leaving the job?”, 1 to indicate
“rarely or never” and 5 to indicate “very often” --- “How likely are you to look for a new job recently?”, 1 to indicate
“very unlikely” and 5 to indicate “very likely”. In addition, respondents indicate their agreement level to the items
related with personality traits and job satisfaction on a five-point Likert scale where 1 representing “strongly disagree”
to 5 representing “strongly agree”. Furthermore, job stress was measured on a six-point Likert scale where 0 to indicate
“never” and 5 to indicate “almost every day”.
An online system was used to distribute the questionnaires. During the period from September to December 2011, a
total of 513 questionnaires were collected from the IT professionals working in a variety of industries in Turkey. The
questionnaires with incomplete answers or the respondents who answered the intentionally left blank questions were
excluded from the sample. At last, a total of 430 questionnaires were left for further analysis.
3.2 Sample
The demographic profile of the respondents indicates that 29.7% of the respondents are female and the average age
of all participants is 31. The majority of the respondents have an undergraduate degree and 26.8% of them have a
master’s degree. Most of the respondents, 56.5% of those, work as an engineer or expert in their current company.
Respondents have the working experience of 88.1 months on the average in a full time position. The questionnaires
were collected from a variety of industries including information technology (52.3%), electronics (17.7%), banking
and finance (10.0%), telecommunication (4.7%), automotive (3%), energy (2.1%), chemical (1.6%).

4. Results

This study adopts the two-step approach proposed by Anderson and Gerbing (1988). First, confirmatory factor analysis
(CFA) was used to test the reliability and validity of the constructs mentioned in the measurement model. Second, the
validity of the hypotheses in the structural model was examined. The analyses were performed using the LISREL 8.54
with SIMPLIS project (Jöreskog and Sörbom, 2003).
4.1 Measurement Model
The measurement model confirms the relationships between the items and the corresponding constructs defined in the
measurement model. The measurement model includes 59 items describing eight constructs: turnover intention (TI),
job stress (JSTR), job satisfaction (JSAT) and the five-factor model of personality traits: openness to experience
(OPE), conscientiousness (CONS), extraversion (EXT), neuroticism (NEU) and agreeableness (AGG).
The initial analysis of the measurement model proved the need for the revision of the constructs defined in the
measurement model. The items were deleted from the measurement model if the standardized factor loadings for each
item were less than 0.70 and/or the modification indices between the items were high. The final decision for the
revisions is taken if the content of the construct does not change with those changes (Anderson and Gerbing, 1988).
After sequential revisions in the measurement model, the eight factors with a total of 39 items were retained for the
following analysis. The analysis of the revised measurement model showed that all the fit statistics achieved
satisfactory results. The ratio of χ2 to degrees of freedom at 2.16, absolute fit indices (root-mean-square of
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approximation—RMSEA -- 0.055) and incremental fit-indices (normed fit index – NFI = 0.95, comparative fit index
– CFI = 0.97) have surpassed the recommended values.
As a second step the validity of the constructs was measured by convergent validity (factor loadings, composite
reliability, average variance extracted--AVE) and discriminant validity. As shown in table 1, the results showed that
the factor loading estimates exceeded the threshold value of 0.70 with the statistically significant relationships (tvalue>1.96) (Hair et al., 1998). Furthermore, the AVE value of each construct passed the suggested value of 0.50
(Fornell and Larcker, 1981). The composite reliability of each construct ranged from 0.84 to 0.93 displayed a higher
value than the recommended value of 0.60 (Hair et al., 1998). These findings confirmed the convergent validity of the
constructs defined in the measurement model.
Table 1. Confirmatory factor analysis of the measurement model
Average
variance
extracted

Composite
reliability

Cronbach’s
α

23.11
16.26
18.13
24.10
19.17
19.58
20.06

0.66

0.93

0.93

0.82
0.70
0.89
0.80

20.22
16.07
22.83
19.42

0.65

0.88

0.88

TI1
TI2

0.91
0.79

21.91
18.16

0.73

0.84

0.84

Extraversion (EXT)

EXT1
EXT2
EXT5
EXT7
EXT8

0.80
0.81
0.79
0.75
0.73

19.01
19.36
18.67
17.57
16.78

0.60

0.88

0.88

Agreeableness (AGG)

AGG1
AGG2
AGG3
AGG5
AGG7
AGG8

0.70
0.78
0.73
0.75
0.81
0.71

15.97
18.37
16.74
17.39
19.46
16.31

0.56

0.88

0.88

Conscientiousness (CONS)

CONS2
CONS4
CONS5
CONS8
CONS9

0.88

0.88

NEU2
NEU3
NEU5
NEU7
NEU8

0.57

0.87

0.87

Openness
(OPE)

OPE1
OPE3
OPE4
OPE5
OPE8

18.47
18.60
18.74
16.58
18.05
16.95
18.16
17.62
18.03
17.55
18.82
16.34
17.25
20.96
16.17

0.59

Neuroticism (NEU)

0.78
0.78
0.79
0.72
0.77
0.74
0.77
0.76
0.77
0.75
0.79
0.71
0.74
0.85
0.71

0.58

0.87

0.87

Standardized
factor loading

t-statistics

JSAT1
JSAT2
JSAT3
JSAT4
JSAT5
JSAT6
JSAT7

0.88
0.70
0.76
0.91
0.79
0.80
0.81

Job stress (JSTR)

JSTR1
JSTR2
JSTR3
JSTR4

Turnover intention (TI)

Construct

Item

Job satisfaction (JSAT)

to

experience
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In order to show the discriminant validity of the constructs, the square root of each construct’s AVE is compared with
the correlation between the specified construct and the remaining ones. As a threshold, the square root value of each
construct’s AVE should be higher than the correlation values (Fornell and Larcker, 1981). The results revealed that
the square root of the AVEs for each construct has higher values than the correlation of the construct with the other
constructs. The minimum value of the square root of the AVEs, which is 0.75, is higher than the maximum correlation
value (0.66) between the turnover intention and job stress.
4.2 Structural Model
The structural model specifies the relationships among constructs defined in the research model (Hair et al., 1998).
The initial analysis of the structural model showed that the fit indices achieves satisfactory results (the ratio of χ2 to
degrees of freedom - at 2.20, RMSEA - at 0.056, CFI - at 0.97, and NFI - at 0.95), which means that structural model
demonstrates a good fit with the data.
Figure 2 shows the path coefficients with their respective significance levels and variance explanation rates of the
endogenous variables. The results verified that four hypotheses (H1, H2, H3, H4d) were accepted, whereas the
remaining ones (H4a, H4b, H4c and H4e) were rejected. Job satisfaction and job stress together explained 57% of
turnover intention. The high value of R2 demonstrated that two factors explain most of the variance of turnover
intention. Among the factors, job stress was found to have higher impact on turnover intention than the job satisfaction.
Another results revealed that job stress has a negative effect on job satisfaction and the explanation rate was 16%.
Furthermore, job stress is negatively affected by the personality trait - neuroticism, whereas the effects of remaining
personality traits - extraversion, agreeableness, conscientiousness and openness to experience – were found to be
insignificant.
Five-factor Model of
Personality

Job Satisfaction
(R2=0.16)

Extraversion

*)

(-0
, 40
*)

1
.4
(-0

Agreeableness

Conscientiousness

9 *)

Job Stress
(R2=0.16)

(0.49*)

Turnover Intention
(R2=0.57)

(0.3
Neuroticism

Significant path *p<0.001
İnsignificant path

Openness to
Experience

Figure 2 Results of the research model
In addition to the direct effects of the constructs, indirect and total effects of the constructs on turnover intention and
job satisfaction were also examined using structural equation modeling. On turnover intention in addition to the direct
effect of job stress and job satisfaction, job stress and neuroticism were found to have indirect positive effects. In
terms of total effects, job stress was found to have stronger effect on turnover decision than both job satisfaction and
neuroticism. Besides, job satisfaction is predicted by job stress directly and neuroticism indirectly. Whereas, the effects
of the remaining personality traits– agreeableness, conscientiousness, extraversion, openness to experience on both
turnover intention and job satisfaction were found to be insignificant.

5. Conclusion and Discussion

The aim of the current study is to explore the effect of the five-factor model of personality traits on job stress, job
satisfaction and eventually turnover intention. A total of 430 questionnaires were collected from the IT professionals
working in a variety of industries inclusive of information technology, banking and finance and telecommunication.
LISREL 8.54 with SIMPLIS project was used to analyze the relationships defined in the research model. The results
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confirmed the reliability and validity of the constructs defined in the measurement model as well as in the structural
model. A total of eight hypotheses are proposed and four of them are confirmed with the data collected for this study.
The results suggest that, among personality traits, neuroticism was the only significant predictor of job stress, whereas
the effects of extraversion, openness to experience, conscientiousness and agreeableness were found to be
insignificant. In contrast to our findings, Lau et al. (2006) found that the combinations of personality traits -neuroticism, extraversion and conscientiousness-- impact stress and coping strategies among police forces; Burgess
et al. (2010) found that nurses with higher levels of openness and extraversion have lower work stress while dealing
with the difficult patients and their relatives. The differences may be explained with the differences among research
groups, in which for IT employees, neurotic nature affects the perception of job stress at a higher level than the other
characteristics. Compatible with the findings of this study, several studies also confirmed the significant effect of
neuroticism on job stress (Deary et al., 1996; Fruyt, 2002; Ortega et al., 2007; Molnar et al., 2012). Ortega et al. (2007)
found that neuroticism is the important predictor of occupational stress factors related with bureaucracy and politics,
interpersonal conflicts and coping strategies; Deary et al. (1996) explored that among the personality traits neuroticism
has the strongest association with the job stress among consultant doctors working in Scotland; Fruyt (2002) found
that perceived stress is only predicted by neuroticism, where as the effect of extraversion, agreeableness, openness
and conscientiousness on perceived stress are found to be insignificant; Molnar et al. (2012) found that neuroticism is
positively associated with the perceived stress and the relationship among perfectionism, stress and the physical health
become significant if the effect of the personality trait of neuroticism is included; Day and Bedeian (1995) found an
insignificant relationship between job stress and personality traits- agreeableness, conscientiousness and extraversion.
Another result implies that neuroticism was found to have an indirect effect on turnover intention together with job
stress and job satisfaction. To decrease turnover intention, employers may focus on increasing the satisfaction level
of employees and decreasing the job stress. Eliminating or decreasing the factors affecting job stress may accordingly
positively affect the job satisfaction and turnover decision indirectly. Although neuroticism is a personality trait that
cannot be changed easily, this characteristic may be considered as a critical factor in the final stage of the recruitment
process. Similar to our findings Lue et al. (2010) found that burnout among first post-graduate residents was positively
correlated with job stress, neuroticism, negative affectivity, weekly-working hours and using disengagement coping;
Kim et al. (2007) explored the role of personality characteristics on job burnout among hotel employees, and found
that neuroticism is negatively correlated with the job burnout dimension- exhaustion and cynicism; Zellars et al. (2004)
found that neuroticism has a positive effect on burnout dimensions of both emotional exhaustion and
depersonalization, whereas only diminished personal accomplishment is predicted by extraversion.
Furthermore neuroticism has the negative indirect effect on job satisfaction through job stress. In contrast to our
findings, Sterud et al. (2011) found that extraversion had a positive effect on job satisfaction together with lack of
leader support and challenging job tasks among ambulance personnel; whereas, among personality characteristics the
effect of neuroticism and control were found to be insignificant. This difference may be explained with the
measurement scale used for personality traits, in which Sterud et al. (2011) used Basic Character Inventory including
three personality dimensions; extraversion, neuroticism, control; whereas in this study five basic dimensions of the
personality were used. Furthermore, in this study, the indirect effects of personality traits on job satisfaction were
explored, whereas Sterud et al. (2011) explored the significant direct effect of extraversion on job satisfaction.
Consistent with the findings of this study, Ortega et al. (2007) found that neuroticism is negatively related with job
satisfaction of police forces; Fruyt (2002) found that among the five personality traits, neuroticism is the sole predictor
of job satisfaction, whereas the effects of agreeableness, conscientiousness, openness and extraversion on job
satisfaction are found to be insignificant.
5.1 Practical Implications
According to the findings of this study, several suggestions will be recommended to the responsible in the companies.
This study confirmed the significant relationship between the five-factor model of the personality traits with job stress
and further job satisfaction and turnover intention. Especially, neuroticism was found to have a positive effect on both
job stress and turnover intention, and a negative effect on job satisfaction. Managers should be aware of the threats of
retaining neurotic individuals and discuss the advantages and disadvantages of recruiting the neurotic individuals.
Before the final recruitment decision of a candidate, human resources department may ascertain the dominant
personality trait of the candidate as additional information about the candidate. Therefore, dominant personality of the
candidates can be considered as a criterion together with the curriculum vitae. Besides, assignment of the candidates
to the available positions can be conducted by considering the harmony of the candidate’s personality trait with the
characteristics of the possible positions.
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Furthermore, job stress was found to be the strongest predictor of turnover intention together with job satisfaction and
neuroticism. Leisure activities such as sportive team games or social activities can be planned to banish from stress.
Which one of the leisure activities contributes mostly to degrade stress level can be explored with the communication
between employees and the management. Employees may signify their favorites in a well-designed questionnaire or
two-way dialogue with the employees may expose alternatives. Then, the responsible of the companies may take
action according to the preferences.
5.2 Future Studies
Although the findings contribute to the literature related with personality, turnover, job stress and job satisfaction,
several recommendations as a further study can be proposed. First, 16% of job stress is explained by one of the
personality traits - neuroticism. Therefore, a high portion of the job stress is unexplained, as a further study the effect
of additional personality traits such as perfectionism (Molnar et al., 2012) or the combinations of the personality traits
may be analyzed. Second, the results of the study is only valid among IT professionals, as a further study the validity
of the research model may be analyzed among other stressful professional occupations such as surgery branches
among doctors, adjudicators or lawyers. Third, a high portion of turnover intention- 57 percent is mostly predicted by
job stress. In the future studies, the effect of other stress factors such personal stress, family-related stress or emotional
pressure on job stress may be included as the additional constructs to the research model.
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Appendix A: Measurement Instrument
Construct/ Reference
Turnover intention
(Firth et al., 2004)

TI1
TI2

Items
How often do you think of leaving your present job?
How likely are you to look for a new job within the next year?

Job Satisfaction (LeRouge et
al., 2006)

JSAT1
JSAT2
JSAT3
JSAT4
JSAT5
JSAT6
JSAT7
JSAT8
JSAT9

I would describe my work as fascinating
I would describe my work as routine (R)
I would describe my work as satisfying
I would describe my work as good
I would describe my work as creative
I would describe my work as giving a sense of accomplishment
I would describe my work as useful
I would describe my work as frustrating (R)
I would describe my work as challenging (R)

Job stress

JSTR1
JSTR2
JSTR3
JSTR4
JSTR5
JSTR6
JSTR7
JSTR8

I feel emotionally drained by my job
I feel burned-out by my job
I feel frustrated at my job
I feel tense at my job
I lose my appetite because of my job related problems
Job-related problems keep me awake at night
Job-related problems make my stomach upset
Job-related problems make my heart beat faster than usual

EXT1
EXT2
EXT3
EXT4
EXT5
EXT6
EXT7
EXT8

Is talkative
Is reserved (R)
Is full of energy
Generates a lot of enthusiasm
Tends to be quiet (R)
Has an assertive personality
Is sometimes shy, inhibited (R)
Is outgoing sociable

AGG1
AGG2
AGG3
AGG4
AGG5
AGG6
AGG7
AGG8
AGG9

Tends to find fault with others (R)
Is helpful and unselfish with others
Starts quarrels with others (R)
Has a forgiving nature
Is generally trusting
Can be cold and aloof (R)
Is considerate and kind to almost everyone
Is sometimes rude to others (R)
Likes to cooperate with others

CONS1
CONS2
CONS3
CONS4
CONS5
CONS6
CONS7
CONS8
CONS9

Does a thorough job
Can be somewhat careless (R)
Is a reliable worker
Tends to be disorganized (R)
Tends to be lazy (R)
Perseveres until the task is finished
Does things efficiently
Makes plans and follows through with them
Is easily distracted (R)

NEU1
NEU2
NEU3
NEU4
NEU5
NEU6
NEU7
NEU8

Is depressed, blue
Is relaxed, handles stress well (R)
Can be tense
Worries a lot
Is emotionally stable, not easily upset (R)
Can be moody
Remains calm in tense situations (R)
Gets nervous easily

OPE1
OPE2
OPE3
OPE4
OPE5
OPE6
OPE7
OPE8
OPE9
OPE10

Is original, comes up with new ideas
Is curious about many different things
Is ingenious, a deep thinker
Has an active imagination
Is inventive
Values artistic, aesthetic experiences
Prefers work that is routine (R)
Likes to reflect, play with ideas
Has few artistic interests (R)
Is sophisticated in art, music, or literature

(Firth et al., 2004)

Extraversion
(John et al.,2008; John et al.,
1991; Benet-Martinez and
John , 1998)

Agreeableness
(John et al.,2008; John et al.,
1991; Benet-Martinez and
John , 1998)

Conscientiousness
(John et al.,2008; John et al.,
1991; Benet-Martinez and
John , 1998)

Neuroticism
(John et al.,2008; John et al.,
1991; Benet-Martinez and
John , 1998)

Openness
(John et al.,2008; John et al.,
1991; Benet-Martinez and
John , 1998)

R: Reverse coded
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Abstract
This document aims to present the creation of a mentoring program to be applied in developing industrial engineering
students, while interns at the companies, into future junior industrial engineers. Its objective is to contribute to a better
professional performance as engineers. It is a case study for the RIP region, including the cities of Resende, Itatiaia
and Porto Real, which is located in an industrial area in Rio de Janeiro State, in Brazil. It is better preparing the new
junior engineers for the labor market. This study is currently under development. The PDCA cycle was used as a base
method to create the program, since this was developed for 4 semesters at the university. The PDCA cycle was a
collaboration of work from the university, students and companies of the region, aiming towards the education
improvement for new industrial engineers. Industries have competition as a common point, even for different business.
Regarding this scenario, a better prepared junior industrial engineer can not only contribute to companies
performances, but also emphasize recognition for the university. As a draft result, which needs to be confirmed, 87%
of mentors and mentees approved the program as efficient, based on initial targets.

Keywords

Mentoring program, young engineers education, mentors and mentees, student professional development.

1. Introduction

The idea of the program started based on the feedback of supervisors of internship programs and interns of industrial
engineering. These are still students at the University of State of Rio de Janeiro. Industrial Engineering is commonly
called Production Engineering in Brazil.
In Brazil, it is common that the student in the last 2 years of studies at the university has the possibility to practice the
role as an intern. Sixty working hours of practice are mandatory to get his or her undergraduate degree, but usually
the student extends this period from 6 months to 2 years of practice, what is called “internship”.
Aiming to support these internships, the university offers in its minimum curriculum the subject of supervising
internship classes. They are offered for 2 semesters (consecutives or not) and are named Supervising internship Classes
I and II. First of all, these classes aim to check if the companies are providing learning environment for the student as
engineers, and no other kind of activities that would help the company, but not provide engineering knowledge.
Secondly, they support the student with other subjects related to the internship. The aim of the period of internship is
to train the students as engineers. Despite some problems that are found, they have what is expected. The fact is that
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most of the students in the last 20 years were hired as junior engineers by these industries of the RIP region just after
concluding their undergraduate studies.
Some difficulties while practicing the internship period were detected by feedback from supervisors to interns during
the supervising internship classes. The main difficulties faced by the young engineers were not only technical issues,
but also behaviors at the beginning of their professional careers. This condition is comprehensible as the focus of the
Industrial Engineering Undergraduate Course at UERJ is to provide knowledge and skill to future engineers, but little
attention is done regarding the attitude of students while industrial engineers practitioners.

2. Objectives of the case-study

This case-study aims to present the creation of a mentoring program to be applied in order to develop future junior
industrial engineers acting professionally, whose objective is to contribute in better professional performance as
engineers.
Regarding the objectives, the program aims to:
 Develop the industrial engineer intern, improving his chances to enter the labor market
 Support the intern to get better performance results on his job at industry
 Make mandatory feedback to be done from a full or senior engineer to an intern while his training at industry
and also that he can learn how to handle the feedback since this is the beginning of his professional career.
Feedback is one the key “tool” of management for developing people
 Make the difference for the industrial engineering undergraduate course at UERJ and for other universities
in this region that may be interested in the program
The perimeter of this case-study is focused on the industries and on the industrial engineering undergraduate courses
of the RIP region (cities of Resende, Itatiaia and Porto Real, which are located in Rio de Janeiro State, Brazil).

3. Mentoring: definition in some words

Based on CAPES (Coordination for Undergraduate Education Improvement) data-base, more than 5.000 publications
support mentoring definition, studies and practices, in which more than 4.000 were published in the last 10 years and
96% in English language.
During the research for mentoring definition, no other publication, article or practice was found about application of
mentoring for industrial engineers under-graduate student education. Publications were found for:
 Guiding the career of young professionals who have already concluded an under-graduate course
 Areas such as Medicine, Nursing, Professor, Teachers training and Athletes in early career years
 Mentoring from senior students to peer ones at early university years
One of the definitions for mentoring is that it is a trial for transferring experience and expertise from more experienced
professional (mentor) to a less one (mentee) inside an organization. It works as a kind of “shortcut” where the mentor
supervises the activities and performance of a younger colleague who should learn quickly (STEWART, 2003).
Some good mentoring programs have some good practices in common. One practice is commitment, confidentiality
and transparency from both sides. Another good practice is that the program involves an action plan with results
evaluation.
Mentoring can provide benefits not only for mentees, but also for mentors. Some of the advantages for mentees are
the support for professional development as engineers (better technical and behavior performances), the opportunity
to show skills and potential for future advanced activities and improvement of self-confidence. On the other hand,
mentors can develop their leadership in developing people and feedback practice. Stewart (2003) stills complements
that the role of mentoring is to allow the mentee to review, make a reflection and even modify future actions as a result
of the program.

4. Research classification

Figure 1 shows how the research was classified. It should be remembered that this study is still under development.
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Figure 1: Research classification

5. Methods

The PDCA (Plan – Do – Check – Act) is the base method used to create the program. It was developed through 4
semesters, integrated in the supervising internship classes I and II. Every semester the PDCA was applied in order to
improve the program for the following one, as shown on Figure 2.

Figure 2: PDCA method applied in 4 semesters for the mentoring program improvement
5.1 1st PDCA Cycle: Focus on Feedback
During this 1st semester, the students at supervising internship classes I and II had:
 Plan: creation of a feedback exercise / practice between supervisor – intern.
 Do: discussions among professors and students about general competencies and behaviors at work.
 Do: questionnaire application to get feedback from supervisor to intern, focusing on points to be improved.
 Do: individual meetings with professors to provide orientation regarding these points.
 Check: discussion among professors about the practice / exercise and the need of support to improve these
“weak” points detected on feedback from supervisors.
 Act: research about methods of mentoring programs inside the academy and good practices in companies.
This step was repeated in all the cycles.
 Act: proposal of a first version for the mentoring program applied for interns at industries.
5.2 2nd PDCA Cycle: Focus on Mentoring 1st Version
During this 2nd semester, a 1st trial of mentoring was implemented, followed by PDCA cycle. The main activities
were:
 Plan: creation of a first version of mentoring program applied for interns at industries.
 Do: orientation and guidance for mentors, mentees and company human resources departments.
 Do: application of a self-evaluation of general competencies for the mentees about points to be improved.
 Do: practice of mentoring between mentors and mentees in 4 meetings within 4 months (2-hour-meeting per
month). During these meetings, mentor and mentee needed to define 2 points of improvement for the mentee
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and discuss how to make it better. Being the main content of these meetings the improvement of these 2
chosen points. The mentor needs to be an engineer with at least 4 years of experience and chosen by the
mentee.
Do: follow up the mentoring program development during the semester in the specific subject supervising
internship classes I and II at university by the professors.
Do: creation of an optional activity for students who were not under internship programs due to the fact that
just 60 hours are mandatory.
Check: application of 2 different questionnaires for mentor and mentee in order to get feedback from the
program and “feed” PDCA cycle.
Act: proposal of modifications for the mentoring program next cycle.

5.3 3rd PDCA Cycle: Focus on Mentoring 2nd Version
During this 3rd semester, a 2nd trial of mentoring was implemented to continuously improve the PDCA cycle. The
main additional activities from the previous version were:
 Plan: creation of the 1st standard version for the mentoring program to be applied for industrial engineers
students / interns, based on the feedback received from previous cycle mentors and mentees.
 Do: practice of mentoring between mentors and mentees in 3 meetings during 3 months (2-hour-meeting per
month). These 3 meetings were defined based on the time of the supervising internship classes I and II at
university in each semester. This schedule is being repeated from that day on.
 Do: follow up of the mentoring program development during the semester inside the subject of supervising
internship classes at university by the professors.
 Do: creation of a formal presentation of the activities developed by the mentees for the professors at the end
of the semester to check the practice of mentoring.
 Check: application of 2 different questionnaires from the mentors and the mentees to get feedback about the
program and “feed” PDCA cycle.
 Check: application of a questionnaire about the relevant competencies and skills of industrial engineering
considered by ABEPRO. The research output was a list of the most relevant ones for the RIP region industries
from the mentor’s point of view.
 Act: proposal of modifications for the mentoring program.
5.4 4th PDCA Cycle: Focus on Mentoring 3rd Version
During this 4th semester a 3rd version of mentoring was implemented in order to continuously improve the program.
The main additional activities from the previous version were:
 Plan: creation of the 2nd standard version for the program to be applied for industrial engineering students /
interns, based on the feedback received from mentors and mentees on the previous cycle. In this standard,
the following steps needed to be practiced:
o Identification of 2 points of improvement for the mentee based on the list of the most relevant
competencies and skills for industrial engineers of the RIP region industries under this case study.
o Definition of a short project in which the mentee would have the opportunity to practice these 2 points
of improvement.
o Definition by the mentor how to check the results of the program at the end of the semester. It means
which 2 targets should be reached by the mentee in order to prove the program’s results.
o Evaluation of these 2 targets and the results by the mentor at the 3rd mentoring meeting.
o Presentation of the short term project at the end of the semester.
 Plan: creation of the 2-semesters scenario for mentoring program. As the students have 2 semesters for the
subjects (I and II), the possibility (not mandatory) of practicing the program with the same mentor and points
of improvement.
 Plan: creation of the standard documentation to guide mentors and mentees to guarantee standardization for
positive results on the program.
 Check: in the last feedback questionnaire, qualitative performance evaluation was included to check the
program results.
 Act: make the last changes on the standard mentoring program applied for interns at industries.
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It is important to emphasize that the professors in this program have no interference about which mentee performance
aspects should be improved. They should be defined and followed by mentor and mentee. The professor supports the
method in the program.
The commitment between mentor and mentee is the mindset for the mentoring program success.

6. Results

By a questionnaire formalized applied to mentors and mentees, the program is validated with 87% of efficiency
compared to the initial targets defined by mentors and mentees at the beginning of the program.
It is important to make it clear that the efficiency is measured in a qualitative way, not a quantitative one.
Next steps are under development regarding the program to guarantee its academicals validity and efficiency. This
study, as said before, is currently in progress.

7. Conclusion

The feedbacks from mentors, mentees and professors consider that the program is valid for improving education of
industrial engineering students as future professionals.
This program is supported by the Director of Rio de Janeiro State University (UERJ), professors, students and
committee. The subject of supervising internship classes I and II allows the development of this case study due to the
value that the mentoring program is expected to add to the Industrial Engineering Undergraduate Course at UERJ and
its students as future engineers.
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Abstract
The significance of Turkey’s energy market in the world is growing strikingly due to Turkey’s geopolitical and
geostrategic position. Turkey is an important country of the world as it is in 16th place according to population within
185 countries, in 32nd place according to size of territory and in 16th place according to economic strength (The
Ministry of Defence, 2012). Increasing population, industrialization and urbanization force governments to make some
strategic decisions to meet the increasing energy demand of the country. Authorities that are responsible for energy
management have nowadays to realign their strategy/priority with solutions that are guided by sustainability criteria.
Energy planning can include evaluation of sources/resources, exploration of alternative energy sources and reducing
dependence on source of imported energy. Multi-Criteria Decision-Making (MCDM) methods provide effective
solutions to a varied range of energy management and planning problems. Energy planning with using MCDM
methods has gained much attention from researchers in recent years dramatically since MCDM is appropriate for
specifying complex problems featuring multi criteria, conflicting multi objectives and high vagueness. This paper
applies a hybrid method of energy policy selection, SWOT (Strengths, Weaknesses, Opportunities, Threats) and ANP
weighted TOPSIS (Technique For Order Preference By Similarity To Ideal Solution), to determine Turkey’s energy
status and also to identify alternative energy strategies. TOPSIS methodology evaluates and ranks strategies by using
the proposed model.

Keywords

Energy Planning, Strategic Planning, MCDM, SWOT, TOPSIS

1. Introduction

The need to incorporate environmental and social considerations in energy planning resulted in the increasing usage
of multi-criteria approaches. The methods can provide solutions to the complex energy management problems that
involve conflicting and multiple objectives (Pohekar and Ramachandran, 2004). Increasing population,
industrialization and urbanization force governments to make some strategic decisions to meet the increasing energy
demand of the country. In order to deal with increasing energy demand, it is necessary to determine alternative energy
policies and prioritize the determined policies objectively with scientific methods. Authorities that are responsible for
energy management have nowadays to realign their strategy/priority with solutions that are guided by sustainability
criteria.
The elements of the strategic management process are connected to each other; they can’t be separated or threated
individually. Although we can divide the whole process into some separete sub-processes from logic angles, in
practice, these sub-processes remain interwoven and keep interacting with each other (Ying, 2010). SWOT (Strengths,
Weaknesses, Opportunities and Threats) analysis is one of the most common used approaches of a firm as part of the
strategic planning process. By identifying its external opportunities and threats, an organization can exploit
opportunities and counter threats. On the other hand, by identifying its internal strengths and weaknesses, an
organization can build strategies upon its strengths and eliminate its weaknesses (Alptekin, 2013) This paper is the
extension of the work of Aydin (2012). It should be mentioned that it has some substantial differences. Firstly, we’ve
calculated the criteria weights based on ANP since factor dependencies then applied TOPSIS which gives more
accurate results. We try to formulate a strategy plan with top priorities
Due to the importance of energy resources in today’s competitive environment, the selection of the “right” energy
policy is a critical and complex decision problem. With this study, we propose a ANP weighted TOPSIS methodology
to overcome the complexities of this decision making process. Even though there are a number of studies where ANP
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and TOPSIS techniques are used individually or in some combination in the literature, this study offers some additional
contributions to the extant literature. Firstly, this study offers a systematic, easy three-stage multi-criteria decision
making methodology that consists of SWOT, ANP, and TOPSIS. Second, although there are a lot of successful
applications of TOPSIS and/or ANP to wide range of MCDM problems in various industries/fields, there is not an
application of SWOT based ANP weighted TOPSIS methodology for the energy policy selection problem The hybrid
method, combination of the SWOT and ANP weighted TOPSIS, provides better solution in strategic decision making
process.
The rest of the paper is organized as follows. A comprehensive literature review is provided in Section 2. The
fundamentals about SWOT and TOPSIS are explained in Section 3 and Section 4, respectively. Proposed hybrid
methodology is presented and implemented in Section 5 and finally the conclusions and future research directions of
the study are given in Section 6.

2. Literature

Energy planning is the process of developing long-range policies that guide the future of a local, national, regional or
even the global energy system (Beccali et al., 2003). According to Pohekar and Ramachandran (2004), energy
planning is one of the commonly applied areas of MCDM methods. The methods can provide solutions to increasing
complex energy management problems. For this reason, energy planning using multi-criteria analysis has attracted
the attention of decision makers for a long time (Aydin, 2012).
In literature a few studies that uses integration of TOPSIS-SWOT methods in strategic decision making. Ying (2010)
deals with the strategic evaluation of a foreign trade company to illustrate how the SWOT-TOPSIS model is applied.
Alptekin (2013) has determined the best strategy for a furniture firm by combining SWOT with TOPSIS method.
Furthermore, several researches have attempted to analyse SWOT-TOPSIS analysis in fuzzy environment.
Ekmekcioglu et al. (2011) used a fuzzyTOPSIS integrated with fuzzy AHP is used to develop fuzzy multi criteria
SWOT analysis to select a nuclear power plant site. Bas (2013) proposes an integrated framework for analysis of an
electricity supply chain using an integrated SWOT-fuzzy TOPSIS methodology combined with AHP. Ren et al. (2015)
analyze the internal and external environment of hydrogen economy in China using SWOT. Then a MCDM method
by integrating goal programming and fuzzy theory has been developed for prioritizing strategies.
In literature the most used MCDM methods for energy policy making are ANP, AHP, PROMETHEE, ELECTRE,
etc. (Kahraman and Kaya, 2010). There are several studies in the literature that try to determine energy policies of
Turkey. Ulutas (2005), analyzed the appropriate energy policy problem by using ANP method to evaluate the
alternative energy sources of Turkey. Kılıc and Kaya (2007), investigated an evaluated energy reserves, energy
demand, energy production, energy consumption, energy policies, and recent developments. Yılmaz and Uslu (2007),
studied on the Energy policies of Turkey during the period 1923-2003. Dagdeviren and Eraslan (2008), proposed a
model based on analytic network process for evaluating strategic energy policies.
In addition to determination of the energy policy, there is a vast multi-criteria decision making literature on other
energy issues. Topcu and Ulengin (2004), focused on the multi-attribute decision making evaluation of energy
resources that will enable the selection of a suitable electricity generation alternative for Turkey. Hamalainen and
Karjalainen (1992), used ANP to determine the relative weights of the evaluation criteria of Finland’s energy policies.
Kahraman et al. (2009), used axiomatic design (AD) and AHP for the selection of the best renewable energy alternative
under fuzzy environment. Zhou et al. (2006), showed that the importance of multiple criteria decision-making methods
and energy-related environmental studies have increased substantially since 1995. Beccali et al. (2003), assessed an
action plan for the diffusion of renewable energy technologies at regional scale, using ELECTRE method, with twelve
evaluation criteria. Nigim et al. (2004), take advantage of AHP as community decision support on energy projects
implementation and used it to determine priorities among five different renewable energy projects by means of six
criteria that assessed both impacts and project feasibility. A process based upon group participation was developed,
and results were successfully compared with those generated by a linear programming tool. Cavallaro (2005), presents
a multi-criteria integrated system to assess sustainable energy options that has PROMETHEE technique as the basis
of its development, and applies it to the Italian Messina region. Önüt et al. (2008), employed analytic network process
(ANP) to solve an energy resource selection problem for the manufacturing industry

3. Strategic Decision Making Process

SWOT analysis is an important tool for decision-making and is commonly used for systematic analysis of an
organization’s internal and external environments. With the help of the SWOT analysis which identifies the
organization’s strengths, weaknesses, opportunities and threats, the organization can build strategies upon its
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strengths, eliminate its weaknesses, and exploit its opportunities or use them to counter the threats. When it is used
properly, SWOT analysis can provide a good basis for strategy formulation. (Kangas et al., 2003) Despite this, main
limitation of the SWOT analysis is that the importance of each factor in decision-making cannot be measured
quantitatively. As such it is difficult to assess which factors influence the strategic decision most (Pesonen et al.,
2000). In other words, SWOT analysis does not provide an analytical means to determine the importance of the
identified factors or the ability to assess decision alternatives according to these factors. Therefore, SWOT analysis
possesses deficiencies in the measurement and evaluation steps. One way to overcome the problem is the use of MultiCriteria Decision Making tools. If it is integrated with TOPSIS, SWOT analysis can provide a quantitative measure
of importance of each factor on decision-making (Kurttila et al., 2000).
There are two steps which are formation of SWOT matrix, and determination of strategies by using SWOT matrix.
For the formation of SWOT matrix, there are 2 main steps:
 List the key internal strengths and weaknesses,
 List the key external opportunities and threats.
According to Table 1, SWOT analysis matrix offers four types of strategies.
Table 1: SWOT Analysis Matrix
Internal Factors /
Strengths(S)
Weaknesses(W)
External Factors
Opportunities(O)
Threats(T)

SO strategy
ST strategy

WO strategy
WT strategy

The strategies identified as SO using the internal strengths and external opportunities will be determined. The
strategies identified as WO use of external opportunities, internal weaknesses can be reduced or eliminated. The
strategies identified as ST using internal strengths, external threats reduced or be removed. The strategies identified
as WT to decrease the effects of external threats by considering internal weaknesses (Alptekin, 2013). The SWOT
framework has a tendency to oversimplify the situation by classifying the firm’s environmental factors into categories
in which they may not always fit while useful for reducing a large quantity of situational factors into a more
manageable profile (NetMBA).

4. TOPSIS Method

The technique for order preference by similarity to ideal solution (TOPSIS) was developed by Yoon and Hwang
(1981). The basic concept of this method is that the selected alternative should have the shortest distance to the positive
ideal solution and the farthest distance from the negative ideal solution. The Euclidean distance approach was proposed
to evaluate the relative closeness of the alternatives to the ideal solution. Thus, the preference order of the alternatives
can be derived by a series of comparisons of these relative distances (Triantaphyllou, 2000). TOPSIS most preferred
for capturing all objective and subjective criteria is applied to choose the best possible alternative (Orji and Wei,
2014).
The main advantages of using TOPSIS method are that (Bhutia and Phipon, 2012):
i. It is simple to use.
ii. It takes into account all types of criteria (subjective and objective).
iii. It is rational and understandable.
iv. The computation processes are straight forward.
v. The concept permits the pursuit of best alternatives criterion depicted in a simple mathematical calculation.
In the following the steps of TOPSIS method are given:
Step 1: Decision matrix is normalized by using following equation
𝑎𝑖𝑗
𝑟𝑖𝑗 =
, 𝑖 = 1, … , 𝑚; 𝑗 = 1, … , 𝑛.
2
√∑ 𝑚
𝑖=1 𝑎𝑖𝑗
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Step 2: Weighted normalized decision matrix is formed as:
𝑣𝑖𝑗 = 𝑤𝑖 ∗ 𝑟𝑖𝑗 , 𝑖 = 1, … , 𝑚; 𝑗 = 1, … , 𝑛.
Step 3: PIS (positive ideal solution) and NIS (negative ideal solution) are determined as:
∗
) maximum values
𝐴∗ = (𝑣1∗ , 𝑣2∗ , … , 𝑣𝑗∗ , … , 𝑣𝑚
−
− −
−
−
𝐴 = (𝑣1 , 𝑣2 , … , 𝑣𝑗 , … , 𝑣𝑚
) minimum values
Step 4: The distance of each alternative from PIS and NIS is calculated as:
∗ 2
𝑑𝑖∗ = √∑𝑚
𝑗=1(𝑣𝑖𝑗 − 𝑣𝑗 ) , i=1, 2,…,m.
− 2
𝑑𝑖− = √∑𝑚
𝑗=1(𝑣𝑖𝑗 − 𝑣𝑗 ) , i=1, 2,…,m.

Step 5: The closeness coefficient of each alternative (CCi) is calculated as:
𝑑−
𝐶𝐶𝑖 = − 𝑖 ∗ .
𝑑𝑖 +𝑑𝑖

Step 6: The ranking of alternatives is determined by comparing CCi values

5. An Illustrative Example

In this study, the proposed model was applied to the Turkey’s Energy Sector in order to determine strategic plan.
Initially, we did a literature review to constitute a general form of strategic energy policy together with experts. In this
way, we’ve identified the sub-factors which affect the success of the organization. The SWOT analysis can serve as
an interpretative filter to reduce the information to a manageable quantity of key issues (Netmba). Hence, this analysis
classified the internal aspects of the company as strengths or weaknesses and the external situational factors as
opportunities or threats.
Based on these analyses, the strategically important sub-factors were determined. The results of the SWOT analysis
based on expert knowledge are presented in Table 1. As shown in Table 1, nine alternative strategies were gained
from the SWOT analysis. The strategies identified as:










Increasing the share of the renewable energy resources within the energy supply (SO1)
Turning our country into an energy hub and terminal by using our geo-strategic position effectively within
the framework of the regional cooperation processes (SO2)
Increasing Energy Efficiency (WO1)
Making the free market conditions operate fully and providing for the improvement of the investment
environment (WO2)
Providing the diversity of resources in the area of oil and natural gas and taking the measures for reducing
the risks due to importation (WO3)
Using the nuclear energy technologies within the energy supply (WO4)
Providing diversity in resources by giving priority to the domestic resources (ST1)
Minimizing the negative environmental impacts of the activities in the energy area (ST2)
Increasing R&D activities in the energy area (WT1)

Ying (2010) used the unified five-point system in their study for evaluation index and don’t need to assign weights
since no differences of importance among evaluation indicators. In this study, we try to form an objective and correct
scores for evaluation criteria. We benefited from the study of Aydin (2012) which gives some suggestions for future
research. Hence, we re-evaluate the study under TOPSIS methodology. Additionally, we did not encounter a hybrid
SWOT-TOPSIS study to determine the energy policy in the literature. To fill the gap in the literature, the ANP
weighted TOPSIS model is proposed.
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Table 11: SWOT Matrix for the Turkey’s Energy Sector

Internal Factors

Strengths(S)

Weaknesses(W)

1. Abundance of coal reserves (S1)
2. Height of potential of clean and renewable
energy (S2)
3. Manpower at the engineering level (S3)
4. Height of potential of clean and renewable
energy (S4)
5. Entrepreneur industry structure (S5)

1. Lack of planning on energy preferences
(W1)
2. Lack of administrative coordination and
adaptation efforts in energy, climate, and
industrial applications (W2)
3. Weakness of the quality coal/lignite (W3)
4. Lack of trained manpower in the middle
level (W4)
5. Bureaucratic obstacles and lack of legal
infrastructure (W5)
6. Lack of cooperation and coordination
among institutions (W6)
7. Lack of funding for R&D
activities (W7)
8. Lack of funding for R&D activities (W8)

SO Strategies

WO Strategies

External Factors

Opportunities(O)
1.
Increased opportunities for regional
cooperation(O1)
2.
High potential for increasing energy
efficiency(O2)
3. The opportunity to enter renewable energy
technologies(O3)
4. The geopolitical location (proximity to fossil
resources, growing markets, possibility of being
energy bridge) (O4)
5. Abundance in alternatives of technology
transfer, possibility to prefer tried and mature
technologies (O5)
6. Turkey’s rising image (O6)

1. Increasing the share of the renewable energy
resources within the energy supply
2. Turning our country into an energy hub and
terminal by using our geo-strategic position
effectively within the framework of the regional
cooperation processes

1. Increasing Energy Efficiency
2. Making the free market conditions operate
fully and providing for the improvement of the
investment environment
3. Providing the diversity of resources in the
area of oil and natural gas and taking the
measures for reducing the risks due to
importation
4. Using the nuclear energy technologies within
the energy supply

Threats(T)

ST Strategies

WT Strategies

1. Being open to outside interventions in
economic, technological, political and scientific
aspects (T1)
2. Rapid population growth, internal migration
and unplanned urbanization (T2)
3. The high rate of import dependence in terms
of primary energy resources (T3)
4. Monopolization of energy markets in the
world (T4)
5. The rise in greenhouse gas emissions and the
climatic change and the international obligations
in such matters (T5)

1. Providing diversity in resources by giving priority
to the domestic resources

1. Increasing R&D activities in the energy area

2. Minimizing the negative environmental impacts of
the activities in the energy area

In the study, assuming that there is no dependence among the SWOT factors, pairwise comparison of the SWOT
factors using 1-9 scale was conducted with respect to the goal. All pairwise comparisons in the application were
performed by the expert team.
𝑆
0.333
0.167
𝑊
𝑊1 = [ ] = [
]
𝑂
0.333
0.167
𝑇
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Figure 6: Proposed model

Inner dependence among the SWOT factors is determined by analyzing the impact of each factor on every other factor
using pairwise comparisons. It is not always possible to assume the SWOT factors to be independent. More appropriate
and realistic results can likely be obtained by combining both SWOT analysis and the ANP technique. Using the
computed relative importance weights, the inner dependence matrix of the SWOT factors (W2) is formed.
1
0.600 0.600 0.429
0.200
1
0.200 0.142
𝑊2 = [
]
0.600 0.300
1
0.429
0.200 0.100 0.200
1
The interdependent priorities of the SWOT factors are calculated as follows:

wfactors

1
0.200
= W𝟐 × W𝟏 = [
0.600
0.200

0.600
1
0.300
0.100

0.600
0.200
1
0.200

0.429
0.333
0.352
0.142
0.167
0.162
]×[
]=[
]
0.429
0.333
0.327
1
0.167
0.158

The wsub−factors(global) vector, obtained by using the overall priority values of the sub-factors is provided then in last
step we calculate the importance degrees of the alternative strategies with respect to each SWOT sub-factors. Using
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Microsoft Excel Software, the eigenvectors are computed by analyzing these matrices and the W3 matrix. The last
matrix ensures weighted normalized decision matrix.
Table 12: Results (W3)
S1

S2

S3

S4

S5

W1

W2

W3

W4

W5

W6

W7

…

ST1

0,024

0,165

0,180

0,187

0,209

0,161

0,072

0,066

0,152

0,180

0,190

0,067

…

ST2

0,161

0,162

0,058

0,187

0,209

0,161

0,072

0,112

0,061

0,105

0,190

0,190

…

ST3

0,065

0,055

0,180

0,187

0,209

0,086

0,223

0,112

0,175

0,138

0,102

0,067

…

ST4

0,074

0,055

0,058

0,101

0,070

0,049

0,223

0,023

0,020

0,180

0,102

0,022

…

ST5

0,161

0,162

0,020

0,057

0,023

0,161

0,024

0,023

0,020

0,058

0,058

0,190

…

ST6

0,024

0,019

0,101

0,020

0,209

0,086

0,024

0,023

0,061

0,058

0,020

0,022

…

ST7

0,199

0,162

0,058

0,057

0,023

0,161

0,024

0,210

0,175

0,105

0,058

0,123

…

ST8
ST9

0,133

0,165

0,165

0,101

0,023

0,083

0,214

0,221

0,160

0,155

0,178

0,169

…

0,161

0,055

0,180

0,101

0,023

0,049

0,124

0,210

0,175

0,020

0,102

0,151

…

…

W8

O1

O2

O3

O4

O5

O6

T1

T2

T3

T4

T5

…
…
…
…
…
…
…
…
…

0,149

0,104

0,021

0,203

0,152

0,191

0,068

0,028

0,039

0,125

0,088

0,187

0,022

0,201

0,062

0,074

0,287

0,058

0,202

0,244

0,039

0,233

0,171

0,061

0,149

0,104

0,186

0,024

0,031

0,191

0,068

0,191

0,349

0,025

0,171

0,187

0,022

0,022

0,186

0,203

0,031

0,058

0,131

0,086

0,039

0,125

0,171

0,061

0,129

0,022

0,062

0,074

0,031

0,104

0,068

0,191

0,039

0,025

0,088

0,021

0,069

0,104

0,021

0,024

0,031

0,104

0,145

0,155

0,039

0,025

0,018

0,103

0,149

0,022

0,062

0,074

0,152

0,104

0,023

0,028

0,116

0,233

0,171

0,021

0,132

0,220

0,216

0,158

0,254

0,169

0,163

0,047

0,302

0,086

0,033

0,172

0,180

0,201

0,186

0,167

0,031

0,021

0,131

0,028

0,039

0,125

0,088

0,187

ST1
ST2
ST3
ST4
ST5
ST6
ST7
ST8
ST9

Using TOPSIS method, importance value of each strategy and distance between negative ideal solution and positive
ideal solution are calculated as follows:
0,199; 0,165; 0,180; 0,187; 0,209; 0,161; 0,223; 0,221; 0,175;
𝐴∗ = {
}
0,180; 0,190; 0,190; 0,180; 0,220; 0,216; 0,203; 0,287; 0,191; 0,202; 0,244; 0,349; 0,233; 0,171; 0,187

𝐴− = {

0,024; 0,019; 0,020; 0,020; 0,023; 0,049; 0,024; 0,023; 0,020;
}
0,020; 0,020; 0,022; 0,022; 0,022; 0,021; 0,024; 0,031; 0,021; 0,023; 0,028; 0,039; 0,025; 0,018; 0,021

TOPSIS analysis results indicate that ST8 is the best strategy with closeness coefficient value of 0.655 as seen in Table
3.

6. Conclusion
SWOT analysis has been a widely used tool for evaluating the Strengths, Weaknesses, Opportunities, and Threats
involved in business organizations. Traditional SWOT analysis method employs arbitrary ranking of factors and
assumes independence (ignores the potential interdependencies) of factors to each other. Most decisions are made
today in increasingly complex environment. In order to overcome the above mentioned shortcomings of the traditional
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SWOT analysis, this study proposes an integrated framework for Turkish Energy Sector using an integration of SWOT
analysis with TOPSIS methodology combined with Analytic Network Process (ANP). Since SWOT analysis provides
a qualitative approach, we try to eliminate its insufficiency by integrated ANP weighted TOPSIS quantitatively. The
proposed approach prioritize SWOT factors.
Table 13: Internal and External Strategic Factors of the Turkey’s Energy Planning

Distance to the positive
ideal solution
Distance to the negative
ideal solution
Closeness coefficients of
each strategy
Ranking of strategies

ST1

ST2

STRATEGIES
ST3
ST4

0,586

0,515

0,498

0,695

0,751

0,778

0,633

0,379

0,614

0,586

0,665

0,665

0,443

0,375

0,316

0,509

0,720

0,551

0,500

0,564

0,572

0,389

0,333

0,289

0,446

0,655

0,473

4

3

2

7

8

9

6

1

5

ST5

ST6

ST7

ST8

ST9

In the application phase of the proposed SWOT-TOPSIS model, the factors from the SWOT analysis and the
alternative strategies based on these factors were transformed into the ANP model. Factor weights of the SWOT
analysis are affected by the method used (ANP) due to the dependency or independency of SWOT factors. Then
TOPSIS steps are applied to determine ranking of each strategies and the following order is respectively obtained with
analyzing: ST8-ST3-ST2-ST1-ST9-ST7-ST4-ST5-ST6.
ST2 (Minimizing the negative environmental impacts of the activities in the energy area) ranks first.This strategy
contains the topics which are improvement of energy efficiency, spreading of the utilization of renewable energy
resources and the clean coal combustion technologies, and the integration of the nuclear energy into electricity energy
production. The second strategy WO1 (Increasing Energy Efficiency) aims that the prevention of loss and the
reduction of energy intensity has a vital importance within the framework of the all targets that should be covered
while the energy planning process of Turkey. (SO2) ranks third. The main reason that makes this strategy too important
is Turkey’s strategic location. Turkey is a natural “energy bridge” between the major oil producing areas in the Middle
East and Caspian Sea regions on the one hand and consumer markets in Europe on the other. This area is not only
geographically, but also economically, very important.
Future research could improve the using Fuzzy TOPSIS method to more effectively analyse uncertainty internal and
external factors. Furthermore, other MCDM methods is applied and the obtained results could be compared with ANP
weighted TOPSIS strategic analysis results.
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Abstract
Energy is a vital and indispensable need in sustaining human life. To take part in world politics requires the right
energy management strategies. Governments can have the power in the world as long as they manage the energy
industry accurately and efficiently. In this study, we analyzed Turkey’s energy policy from different aspects. By
looking at energy consumption in the period 1999–2014, Turkey’s energy future is forecasted by using regression
analysis and ARIMA models. Energy consumption in the period 2015–2023 has been predicted. The results obtained
using these methods are compared in terms of performance criteria. Finally, the difference between Turkey’s energy
consumption and energy production is analyzed, and the gap between them is shown.
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1. Introduction

Turkey has become one of the fastest growing energy markets in the world and has been experiencing rapid growth
in demand in all segments of the energy sector for decades. Turkey is the 17th largest economy in the world and the
6th largest economy in Europe in terms of gross domestic product (GDP). Due to its geographical position and its
central location to the regions of Europe, the Balkans, the Aegean, the Black Sea, Central Asia, the Eastern
Mediterranean and the Middle East, Turkey is a transit country in the field of energy. It acts as a bridge between the
world’s crucial supply and demand regions. Turkey’s international effectiveness in this framework continues to
flourish. Further, this strategic position is also critical for the export and import of electricity. In Turkey, energy
consumption projections are made by the Ministry of Energy and Natural Resources of Turkey (MENR). Since 1984,
MENR has prepared energy demand forecasts by using the model for analysis of energy demand (MAED) simulation
technique (Hamzacebi, 2007).
Reliable forecasting of energy consumption represents a starting point in policy development and the improvement of
production and distribution facilities. “The forecasting is important for electricity power system planners and demand
controllers in ensuring that there would be enough supply of electricity to cope with an increasing demand. Thus,
accurate load forecasting can lead to an overall reduction of cost, better budget planning, maintenance scheduling and
fuel management” (Sabri andHumaira’ Abdul, 2011). Accurate forecasts can help authorities to make reliable plans.
A perception that a complex model with extensive input data produces more accurate results might not always be true.
Simple models can sometimes yield results that are as accurate as more complicated techniques (Armstrong, 2001).
In this way, multiple regression modelling analysis and ARIMA models are used to forecast Turkish energy
consumption.
This paper proposes a multiple linear regression (MLR) model using GDP, population and price of construction as the
selected variables deemed most relevant for Turkish energy consumption. These models make use of the strength of
the relationship between each of these independent variables and the electricity consumption. The rest of the paper is
structured as follows: Section 2 summarizes the literature, Section 3 gives the details of the proposed MLR model,
Section 4 compares the model with ARIMA and MAED, and a conclusion is given in Section 5.
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2. Literature Review

The literature contains many studies related to the forecasting of energy consumption. Different forecasting methods
exist, such as: time series, regression models, econometric models, decomposition models, ARIMA models, artificial
systems, grey prediction models, input–output models, fuzzy logic/genetic algorithm models, integratedautoregressive models, support vector regression, and particle swarm optimization models.
Regression analysis has been the most popular modeling technique in predicting energy consumption. Farahbalhsh et
al. (1998) and Sharma et al. (2000) used regression models to forecast coal, oil, gas and electricity requirements.
O’Neill and Desai (2005) analyzed the accuracy of US energy consumption as presented by EIA. Lee and Chang
(2007) examined the effect of energy consumption on economic growth in Taiwan with regression modeling.
Mohgram and Rahman (1989), Haida and Muto (1994), and Charytoniuk et al. (1998) used regression models for
electric load forecasting. Harris and Lon-Mu (1993) examined the relationship between electricity consumption, price
and consumer income for a 30-year data series. Egelioglu et al. (2001) examined the influence of economic variables
on annual electricity consumption in Cyprus with multiple regression analyses. Yumurtaci and Asmaz (2004)
developed a linear regression model based on population and consumption rates to forecast electricity consumption
for Turkey. Tunc et al. (2006) used regression analysis to predict Turkey’s electric energy consumption. Al-Ghandoor
et al. (2008) developed multivariate regression to predict the electricity requirements of Jordon’s industrial sector.
Lam et al. (2008) examined Hong Kong’s residential and commercial sectors’ electricity consumption pattern using a
multiple regression technique. Various forecasting techniques have been used to predict Turkey’s energy consumption
as shown in Table 1.
Table 14: Studies on energy consumption forecasting for Turkey
Authors

Methods

Forecasted energy type

Ceylan and Ozturk (2004)

GA

Total energy

Hamzacebi and Kutay (2004)

ANN

Electric energy

Sözen et al. (2005)

ANN

Total energy

Haldenbilen and Ceylan (2005)

GA

Transport energy demand

Murat and Ceylan (2006)

ANN

Transport energy demand

Akay and Atak (2007)

Grey prediction

Electric energy

Ediger and Akar (2007)

ARIMA

Total energy

Sözen and Arcaklioglu(2007)

ANN

Total energy

Erdoğdu (2007)

ARIMA

Electric energy

Hamzacebi (2007)

ANN

Electric energy

Toksari (2007)

ACO

Total energy

Ünler (2008)
Kavaklioğlu et al. (2009)

PSO

Total energy

ANN

Electric energy

Toksari (2009)

ACO

Electric energy

Demirel et al. (2010)

ANFIS

Electric energy

Küçükali and Barış (2010)

Fuzzy logic

Electric energy

Filik et al. (2011)

Mathematical modelling

Electric energy

Kankal et al. (2011)

ANN, Regression

Total energy

Kavaklioğlu (2011)

Support vector regression

Electric energy

Bilgili et al. (2012)

ANN, Regression

Electric energy

Dilaver and Hunt (2011)

Time series

Electric energy

Kiran et al. (2012)

Hybrid model (PSO-ACO)

Total energy
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3. Proposed MLR Model

MLR is a statistical technique that uses several explanatory variables to predict the outcome of a response variable.
The goal of MLR is to model the relationship between the explanatory and response variables.
The proposed MLR model to forecast electricity consumption using GDP, population and price of construction is
Y = a + b1 X1 + b2 X2 + b3 X3 + u
(1)
where:
Y is energy consumption (GWh),
X1 is GDP ($ millions),
X2 is population,
X3 is construction price (per capita dollars),
u is the error (disturbance term or white noise).
Energy consumption data is obtained from the International Energy Agency (IEA, 2005). GDP, population and
construction price data for Turkey are obtained from the Turkish Statistical Institute (TurkStat, 2015). Turkey’s energy
statistics are obtained for the period 1999–2014 and the energy consumption of Turkey has been predicted for the
period 2015–2023.
Various statistical tests are used to validate the proposed MLR model. They include the adjusted coefficient of
determination r2 to determine how well the model explains the actual consumption data, an F test for overall
significance of the model and a t test for testing the strength of each of the individual coefficients of the model
(Makridakis et al., 1998).
All the independent variables are highly correlated to the dependent and therefore are significant in their use in the
forecasting model. Since all the independent variables are less than 0.05, the coefficients are statistically significant
at the 95% confidence level. According to the F test (p < 0.05), it appears that the model is valid. R-squared is a
statistical measure of how close the data are to the fitted regression line. In general, the higher the R-squared, the
better the model fits your data. In our model, the R-squared value is 99.2 % and the adjusted R-squared equals 99.1 %,
so explaining the prediction power for future observations.
Table 15: SPSS analysis results
Model

R

R
Square

1
2
3

.965a
.991b
.996c

.931
.983
.992

Adjusted
R
Square
.930
.982
.991

Std. Error
of the
Estimate
19146.084
9700.810
6791.817

Table 2 gives detailed information on the regression model.

Figure 7: Realized and predicted model behaviors
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Figure 1 shows that the realized and predicted energy consumptions exhibit substantially the same structure. As can
be seen from the graph, there is no major deviation between them. For this reason, the proposed regression model is
appropriate for prediction.
Due to industrialization, urbanization and investment opportunities, Turkey has made great progress economically in
recent years. Hence, we have considered the last 16 years of energy consumption data from 1999 to 2014 for the MLR
model. It will give more accurate and realistic results to evaluate Turkey’s future energy consumption. Total
consumption is obtained by MLR for each of the variables. The resulting model is:
Y= -683918, 45-0,092*GDP+12,233*POP+162,871*CONS

(2)

Table 16: MLR forecasting values and MAPE values
Years
2006
2007
2008
2009
2010
2011
2012
2013

Realized
174636
190000
198085
194078
210434
230304
242370
248324

Predicted
178496.9691
193875.1341
197769.9288
195593.5908
211734.8202
228117.5853
237053.4128
246119.3277
MAPE

APE
0.022
0.020
0.002
0.008
0.006
0.009
0.022
0.009
1.23%

In order to show the performance of the MLR model, in Table 3 realized consumption values are compared with MLR
outputs for the years 2006–2013. If the mean absolute percentage error (MAPE) is less than 10%, it means a good
prediction has been realized. Table 4 shows the MLR model forecasting of energy consumption for Turkey for the
period 2015–2023. We have obtained the lower and upper confidence intervals of the proposed regression model. In
2023, energy consumption is predicted to be between 346093.8801 tep and 367973.993 tep.
Table 17: Forecasting values for the period 2015–2023
Years
2015
2016
2017
2018
2019
2020
2021
2022
2023

REGRESSION
LCL
UCL
260199.7439
280656.488
270422.5512
290863.324
282468.7187
303011.446
293487.7298
314215.34
303222.1859
324021.967
312852.8803
333792.146
323414.1448
344575.365
334732.7741
356207.144
346093.8801
367973.993

4. Comparison of the Model

To show the proposed MLR model’s validity, we used a times series model and the MAED simulation technique.
ARIMA (p, d, q) parameters give us the most appropriate model in considering MAPE and root mean square error
(RMSE) values, while for the ARIMA analysis, first we estimated the population, GDP and construction prices using
times series for the period 2015–2023. The obtained data is not non-stationary. There is an increasing nonlinear trend
and the variance of the data is not constant. Hence, we have removed the trend by taking the first differences according
to the autocorrelation and partial correlation functions. After differencing this data to remove the trend, we estimated
Turkey’s energy consumption using ARIMA.
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Table 18: The increasing trend effect and after trend removal by taking the first difference

In Turkey, energy consumption projections are made by the MENR. The MENR prepares energy demand forecasts
by using the MAED simulation technique. MAED requires several types of data related to the social, economic and
demographic structure of the country (Hamzacebi, 2007).
Table 19: ARIMA (0, 1, 0) results with MAPE, RMSE, MAE, R-squared values
MAPE
RMSE
MAE
R-squared

ARIMA(0,1,0)
2.638
6255.553
4475.422
0.981

As seen in Table 6, ARIMA (0, 1, 0) is chosen due to its low error and high R-squared value.
Performance criteria:
Four metrics are used as performance criteria: mean absolute error (MAE), RMSE, absolute percentage error (APE)
and MAPE (Hamzacebi, 2007). APE and MAPE are used for the comparison of the MLR, ARIMA and MAED results.
The performance criteria utilized in the study are given below:
𝑒
𝐴𝑃𝐸 = ( 𝑖 ) ∗ 100
(3)
𝑌𝑖
1

𝑒

𝑛

𝑌𝑖

(4)

𝑀𝐴𝑃𝐸 = ∑𝑛𝑖=1 ( 𝑖 ) ∗ 100
2
∑𝑛
𝑖=1 𝑒𝑖

𝑅𝑀𝑆𝐸 = √𝑀𝑆𝐸 = √

(5)

𝑛

whereei denotes the differences between the forecasted and realized values, Yi is the realized values for the i’th year
and n is the number of years.
The MAED results are for low-energy-based demand projections which are taken from the MENR. Table 7 presents
Turkey’s energy consumption for the years 2015–2023 with three different techniques: MLR, ARIMA and MAED.
As can see from Table 7, there are no considerable differences between the MLR and ARIMA results. The regression
and ARIMA models’ lower (LCL) and upper confidence levels (UCL) are found by SPSS and shown in Table 7 to
give the detailed results for energy prediction for the next 9 years. The proposed regression model exhibits nearly the
same behavior as the ARIMA and MAED models due to the prediction results. Hence, the proposed MLR is a good
prediction model to estimate future energy consumption. The forecasts obtained by the regression model for the initial
years are very similar to the ARIMA and MAED forecasts. In the latter years, the regression forecasts are lower than
the ARIMA and MAED forecasts.
All time series forecasting techniques assume that related series’ behavior will be the same in the future as in the past.
On the other hand, MAED uses the target values of several indicators related to the population, economy and social
structure of the country. If these target values are not suitable, the MAED technique forecasts will not match the
realized values (Hamzacebi, 2007). For this reason, a number of studies state that the forecast values found by the
MAED technique are higher than the real values (Ediger and Tatlidil, 2002).
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Table 7: Comparison of MLR, ARIMA, and MAED techniques
Years
2015
2016
2017
2018
2019
2020
2021
2022
2023

REGRESSION

ARIMA

LCL

UCL

LCL

UCL

260199.7439
270422.5512
282468.7187
293487.7298
303222.1859
312852.8803
323414.1448
334732.7741
346093.8801

280656.488
290863.324
303011.446
314215.34
324021.967
333792.146
344575.365
356207.144
367973.993

252498
256154
261104
266724
272771
279122
285703
292466
299379

279331
294103
307582
320391
332773
344850
356698
368363
379879

MAED
263230
275810
287100
301680
317290
333310
348840
364600
380630

Fig. 2 shows the energy consumption forecasts of MLR, ARIMA and MAED for the period 2015–2023. All methods
exhibit similar behavior with increased energy consumption.

Figure 8: Energy consumption forecasting with different methods
If energy production forecasting analyses are undertaken using time series, it can obviously be seen that energy
consumption is much more than energy production. Hence, we need to fill this gap immediately by investing in new
renewable energy sources or developing new projects to increase energy production. Table 8 gives energy production
predictions for the years 2015–2023.
Table 8: Energy production forecasting with ARIMA
Year
Energy
Production

2015

2016

2017

2018

2019

2020

2021

2022

2023

265747

278882

288578

299487

312656

325949

338474

351145

364561

5. Conclusion

Turkey has the second highest energy consumption growth after China and is highly dependent on external energy
resources (Herdem, 2013). According to the Vision 2023 Report, Turkey envisages producing 30% of its electricity
needs from renewables by 2023. This study aims to show that energy consumption has increased at a faster rate than
energy production over recent years in Turkey. It is assumed that, if renewable energy investments cannot be realized
until the year 2023, the gap in demand cannot be satisfied. For this reason, the Turkish Government’s vision of 2023
foresees some very ambitious renewable energy targets.
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Forecasts are quite important for effective implementation of energy policies. Accurate forecasts of electricity energy
consumption or production are vital when demand grows faster, as in case of Turkey (Kankal et al., 2011). Forecasting
energy needs helps to determine whether there will be a shortage of electricity, and the need for new power plants or
the implementation of conservation measures, or an overabundance of electricity and the need for the closure of some
of the power plants (Cullen, 1999).
In this study, the energy consumption of Turkey between 2015 and 2023 is modelled based on GDP, population, and
construction prices. The proposed MLR model predicted the energy consumption better than the ARIMA models in
terms of MAPE and R-squared. The results of these analyses are compared with the MENR projections. The proposed
regression model and the ARIMA method give approximately the same results as MAED. Hence, we can say that the
developed forecasting models are successful in terms of energy consumption and production predictions. Finally, in
this study, it is concluded that all predictions give lower estimates of energy consumption than the MENR projections
and also showed that the future energy consumption of Turkey would vary between approximately 346093 and 367973
GWh in 2023 using MLR. In future, forecasting studies can be undertaken using other techniques,such as ANFIS,
artificial neural networks, support vector regression and hybrid models, and considering new explanatory variables to
measure the power of the prediction model.
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Abstract
The Bus Rapid Transit (BRT) system of Istanbul, located in the main artery of the city, is the mode of transportation
allowing significantly faster trips. Among transportation modes in Istanbul, there is no mode serving more passengers
than BRT systems do. However, due to high demand in rush hours, occupancy rates in the vehicles are exceeding
capacity limits which in turn cause capacity crushes. While BRT systems are designed to carry 20,000
passengers per hour in one direction, in İstanbul BRT System in one direction 45,000 are transported. Limited stop
services, express services and other solutions that will reduce occupancy rate require origin and destinations (OD)
estimation of the trips in advance. For this reason, both passenger’s alighting station (destination) and boarding station
should be known at the same time for successful planning and mentioned solutions.
Personal smart cards are used in Istanbul. The cards IDs and trip attributes are recorded with each trip. On the average,
there are 6.1 million trips realized per weekday in Istanbul's public transportation system, where BRT trips have a
significant percentage that is 14%, close to one million trips. The data regarding passengers' origin station and boarding
time are available. Howevertrip destinations are not readily available. There are few methods commonly used to
determine the destination stations. The accuracy of the most used OD matrix generation method is checked by two
approaches:
1. In Istanbul’s BRT system distance based pricing policy is used. In this policy, number of stations from origin
to destination are counted and the fee taken at origin are returned by refund machines at destination stations
accordingly. Thisin return helps verifying the accuracy of OD matrix.
2. The trip records of the passengers those use bus system, metro or other modes of transportationafter BRT
system are investigated. From these records the boarding station of the next trip is taken. The nearest BRT
station to the next trip’s boarding station is assumed as the destination station of BRT trip. This
helps verifying the accuracy of OD matrix.
As a result, it is observed that a significant part of OD matrices namely around 95%, are accurate and they were able
to be checked and verified by far more successful methods than classical survey methods.

Keywords:

Public transportation, origin destination matrix (OD), smart card data, planning management, Bus rapid transit (BRT)

1. Introduction

Bagchi and White (2005) express that smartcard data can be used to analyze travel behavior, turnover ratesand trip
rates.
Smart cards have become the most important part of trip data after being introduced to public transportation.To execute
better strategies on public transportation services, the trips of the users should be analyzedfrom smart card data.
Information regarding the origins and boarding times of the trips are readily available in smart card data.
In addition to the information extracted from smart card data; some other information needs to be gathered such astrip
destinations, transfer points, network connection points and trip times.(Maet al., 2013). It is crucial to know the
destination stations of the trips as well as the origin stations in planning of public transport and optimization of network
(Li, 2009). Howeverthe destination stations are not available on most smart card systems.
Origin Destination matrix (OD) provides basic information about the passengers thattravel from one geographical area
to another geographical area and vehicle flow in traffic. In this aspect, OD matrix has a very critical role in traffic and
transportation management (Li, 2009).
Several methods of creating the OD matrix are as follows;
 Surveys of passenger or households
 Counting passengersat stations
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Card reading systems or sensor at vehicle

There are several drawbacks associated with these methods. Household surveys are costly and time consuming (Ma
et al., 2012). Counting passengers at the stations give information for limited time range. When the sensor option is
considered, many buses are not equipped with the required technology. The best option is to use smart card systems.
At the end of 1990’s, smart card payment systems started being used in some cities such as Washington and Tokyo.
This new technology has performed a very rapid development and it became significant part of public transportation
payment systems. Efficient Planning and operating of public transportation come true by smart cards (Munizaga and
Palma, 2012). Besides,some practices such asspecial fee for express lines or special discount for off-peak hoursare
put in to practice (Trepanier, 2007).
Barry (2002) examined automated payment systems as knownMetro card in New York Transportation and developed
a methodology that estimate OD trips from station to station. The first algorithm consists of two basic assumptions:
1. Users begin to theirnext tripsfrom the end station of theirprevious trip.
2. Users finish theirlast trip of the day at the station where they begin their first trip on that day.
When theses suppositions aretested at metro users with surveys, they are verified at %90 level. Zhao et al (2007)
developedOD matrix estimation algorithm from smart card data’s of Chicago Transit Authority rail systems where
only trips’ origin stations were available. Trepainer (2007) proposed object oriented method that estimated destination
station for bus transportation in Gatineau, Canada. He assumed “The station that begin next trip was the nearest station
of previous trip” and he examined first trip of next day to estimate correct destination point of the last trip of the day
unlike Barry (2002). He pointed out with this assumption destination stations were identified at %66 level accuracy.
Attanucci and Wilson (2011) built up an algorithm that detected destination stations from trip records in London
Transportation Systems where6 million tripstook place daily. Munizaga and Palma (2012) used Smart card data along
with Global Positioning System (GPS)and Geographical Information Systems (GIS). They estimated users’ alight
points from trip chains of smart cards. At the same time they produced a lot of valuable information like OD matrix,
user’s behavior analysis, cumulative passenger loads at the road sections. They assumed that “Every trip record begins
close tothe end point of the previous trip and the last trip of the day is close to the station where the start of the first
trip of the day”. Gordillo (2006) studied London rail systems and estimated OD matrices. Farzin (2008), also, had
used the same methodology to estimate the OD matricesfor buses and BRT systems in Sao Paolo.

2. Istanbul’s BRT System

Istanbul’s BRT system consisting of 44 stations and having 52 km length began to serve in 2009 in a complete manner.

Figure 1: Istanbul BRT Stations
Before it has been begun the inference of OD matrix, to understand position of the Istanbul’s BRT system in public
transport, it is going to be introduced and realized system analysis as used trip data in this section. The BRT system
comprises 2 dedicated lines, one is for Western direction and the other is for Eastern direction. The system carries
850,000 passengers in weekdays as of May 2015. BRT is crucial transport system that accounts for14% of daily
passengers of Istanbul’s public transit.The system is preferred by citizens of Istanbul highly for the reasons such that
being located in the main artery of the city, having large population in close proximity and having high
frequencyservice.Because of the high preference, the load factor in BRT vehiclesbecame extremely high. To provide
solutions such as express or limited local services, additional lanes, bus assignments; it is necessary to analyze
passenger trip behaviors. For this reason OD matrix should be generated. In order to apply the method that is proposed
by Barry (2002), smart card data is used. Daily usage of Istanbul’s BRT system is 822,699 on 10 March 2015. The
hourly distribution of the trips are given in Figure 1.
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Figure 2: Hourly trips
Daily frequencies of the passengers in the system are given in Table 1. There are 207,996 passengers that use the
system only once at that day. The data that belongs to passengers who use the system once are not usable in OD
estimation. However most of the passengers use the system twice a day. The number of passengers that use the system
more than three times in a day is very low.
Table 1: Frequency being used BRT system
Trip
Trip
Trips
Trips
Frequency
Frequency
1 times
207,996
5 times
1,650
2 times
242,133
6 times
809
3 times
25,831
7 times
163
4 times
9,192
8 times
104

3. Methodology

Destination point of trips of Istanbul’s BRT system is estimated in this study with the methodologies and assumptions
mentioned in previous section. For validation and verification purpose two different source of data used. The first data
source is refund machines existing in Istanbul’s BRT stations. The second source for verification of the estimates is
the travel data of other transportation modes. The nearest BRT station to the trips of origin of other modes such as
bus, metro and ferry lines is assumed as destination station. OD matrix accuracy is very valuable and will provide
significant benefits. OD estimations helps to analyze the system correctly and helps detection of bottlenecks in the
system, the definition of express or limited stop services, determination of corridor capacities and section demands.
Validation of the method is answering the questions such that “Do the trip records in a mass transit can lead to system
planners to Origin and destination data?”, “Are the assumptions made valid?” or as aforementioned, “Does next trip
start on the point where the previous trip ends?” Or “Do passengers return to the point where they started their trip
initially?” As using only BRT smart card data, it is not possible to do any inference about the destination point of
passengers that having 1 record in the system in a day. As described earlier, according to the approach proposed by
Barry (2002), the data of the passengers using the system 2 times are used. The passengers using the system more than
2 times in one day are excluded from estimation due to being used for other passengers.
242,133 passengers that use the system twice in one day cover 484,266 of the total trips. This account more than half
the all trips. The first station of passenger that punch the smart card is recognized as origin station and the second
station of the same passenger that punch the smart card is recognized as destination station. A passenger that uses the
system 2 times on the same day has records at two different stations, for example, one record of 42nd station named
“Uzuncayır” and one record at 19th station named Sefaköy. Then is assumed that this user boards on 42nd station and
travels to 19th station in the first trip. It is also assumed that this user boards on 19th station and travels to 42nd station
in the second trip.
In other words hypothesis of “passengers go and return between the first and second trip” was used to estimate the
destination point. When it is estimated destination station of passenger, it is known boarding and alighting passenger
at each station. Thus the accumulated count of passengers at stations and between stations can be calculated. The OD
pairs obtained from the trip record do not include all the trips as mentioned before. Therefore the number of trips
estimated between any two stations needs to be adjusted by correction factors (or weights). For example on March
10th, 2015 between at 18:00:00 and 18:59:59 time range 80,270 trips are recorded. Only 46,519 of these records are
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included in OD estimation. Therefore a correction factor for the time range is needed. This correction factor can be
calculated by dividing 80,270 by 46,519 which is 1.72. In this case, each value in OD the matrix for the selected time
range should be multiplied by 1.72. Many times planners use single correction factor for a specific time range.
However we strongly advice to use different correction factor for the stations.
When the system is analyzed at 18:00 o’clock (between at 18:00:00- at 18.59:59) which is the rush hour of the BRT
system, boarding and alighting activities of stations are as shown in Figure – 3 and cumulative numbers of passengers
passing the stations are shown in Figure-4.
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Figure 3: Boarding and Alighting of Stations at 18:00 hours
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Figure 4: Cumulative Passenger of Stations at 18:00 hours
So how valid is this method that infers to the cumulative passenger numbers? Do passengers return to their previous
trip’s destination station? Do passengers return to the first origin station of the day? The OD estimation approach is
validated with 2 different methods which are reported in the following section.

4. Validation Method-1: Refund Data

As the obtained OD matrix is be able to validate, Istanbul’s BRT system presents an invaluable application area. As
in Istanbul’s BRT system distance based pricing is used, there are refund machine on the station. The refund machines
provide flexible payment options with adjustable structure. In this way, number of stations from origin to destination
are counted and the fee taken at origin are returned by refund machines at destination accordingly. This in return helps
verifying the accuracy of OD matrices, as it is reserved to destination station of trips which known the origin station
in refund data. However this data is not available for all passengers because this policy is not applicable to students
and social card users. They are already benefiting the discounted rates or they are using the system free. There are
only flexible payment systems for regular card owners. These regular card owners who travel more than 28 stations
are not eligible for repayment. So their destination data are not also recorded in anywhere. For these reasons, the
refund machines usage rate is not sufficient to represent the whole population in sampling. They do not infer the
passenger OD matrix adequately (27% using rates of total passenger in a day). Although OD matrices cannot be
inferred from refund machines, the accuracy of obtained OD matrix can be checked by utilizing repayment records at
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the refund machines. In this situation “trips which are from 2 transactions per day group” and “at the end of these trips
having 2 refund transaction” data can be used for the validation. On 10 Mart 2015 match, 112,988 trips were seen in
both OD estimation process and repayment records. 94,368 records of 112,988 refund records (84%) were exact match
when destination stations and repayment station were compared. Namely 84% of passenger using refund machine get
repay the first refund on the station where having second boarding record and the second refund on the station where
having first boarding record.
The station that having refund records is different from the station that having trip records to 18,620 of the resting
trips (16%). Namely passenger don’t repay the first refund station which having second boarding. But being of
estimation of more than 1-2-3 station deviation from the true destination will not affect the general approach of OD
matrixes. There are 7,757 of records (7%) only 1 station deviation from the true destination. There are 3,372 of records
(3%) only 2 station deviation from the true station and 2,274 of records (2%) only 3 station deviation from the true
station. Consequently estimating of OD matrix are validated with refund data and is corrected accuracy of its 95%
rates 1-2-3 station from the true destination.

5. Validation Method-2: Next trip point location

While generating the OD estimates, only BRT records of the passengers’ data are used. However passengers often do
not use a single mode of transportation while moving from one place to another. There are frequently intermodal
transfers in Istanbul's public transportation system when realizing 6.1 million trips per weekday. In this case successive
trip records of passengers, who use more than one mode of the transportation system, can contribute to the discussion
of whether the correct destination is determined. Therefore in the validation process, we analyzed the BRT stations’
locations and all systems’ stations (BRT, Bus, metro, light rail etc.) locations that are close to the Istanbul’s BRT
system (the stations that have distance less than 500 meters). We analyzed other trips (BRT, Bus, metro, light rail etc.)
of users who use BRT at the same time.
683,628 trips of 822,699 BRT system trips on 10 March 2015 were useful in estimating the destinations. (It provides
very reliable estimation of OD matrix). 421,546 trips that come from the passengers who use the system twice in one
day are examined to validate the accuracy. When the results of the two approaches are compared to test the hypothesis
of passengers travel between their first trips’ recorded stations and their second trips’ recorded stations, it has been
observed that 362,839 trips overlap completely. So, 86% of these passengers’ destinations estimations are found to be
true destinations. This rate is going to increase if the estimation of the passengers’ destinations includes 1-2-3 stations
deviations as above. There are 21,067 of records (5%) only 1 station deviation from the true destination. There are
11,798 of records (2.8%) that are only 2 station deviated from the true station. And 4,279 of records (1%) are only 3
station deviated from the true station. In summary, OD estimation matrix is validated with next trip’s starting point
and it has been observed that the accuracy of the method can reach 95% rates when 1-2-3 station deviations from the
true destination are acceptable.

6. Conclusion

The accuracy of OD estimation methods are usually checked by conventional household and field surveys. Sometimes
these surveys are used also to estimate OD matrices. But to reach sufficient number of survey respondent is not
possible in Istanbul where BRT system has 820,000 average trips on a regular weekday. Although with this method it
is possible to obtain OD matrix, it causes loss of time and cost.
Two novel approaches are used to check the validity of OD estimation method that presented Barry (2002). When 12 or 3 stations deviation from true destination assumed to be acceptable, the accuracy of the method is found at level
of 95%. When boarding and alighting stations of trips are known, we can calculate cumulative passenger numbers at
the stations, section loads, average trip times and average number of stations travelled by the passengers. With this
knowledge, practical solutions can be put forward at the services operations, resolving congestions in short time and
vehicle assignments. This method can be used in identifying the bottlenecks of the system.
There are the limitations of this study. It is not known the destination points of passengers using the system once in a
day. There might be some solutions available which are needed to be researched. The vehicle passenger count systems
and sensors can be placed on the vehicles to obtain OD matrices one hundred percent. This system can provide section
load profile and cumulative passenger counts unlike passenger based destination estimation methods. Counting
devices at the stations for leaving passenger can be placed as well.
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Abstract
The main objective of this research is to conduct a scientometric analysis on usability engineering in literature in the
industrial engineering field. The data were gathered from the Web of Science database. “Usability Engineering” and
“Industrial Engineering” were used as keywords to perform the research, and the research was done only based on
topics, titles and addresses to eliminate the papers not in focus. Without narrowing down the time bounds, it is found
that a total of 389 publications related to usability engineering have been published till date by industrial engineering
department members. Though there have been ups and downs in publications according to publication year, the annual
number of publications differs from 1 in 1988 to 47 in 2007. Meeting and articles were the most popular documentation
types, whereas patent and abstracts were the rare ones. Overall, 96.4% of publications were written in English and the
United States was found to be the most productive country. By means of source titles, there was a wide range of
alternatives, and the most used source title was lecture notes in computer science. Furthermore, it has been seen that
the computer science area was the first and engineering was the second trendy area.

Keywords

Usability engineering, scientometric, publication trends, bibliometric studies, industrial engineering

1. Introduction

Usability is the effectiveness, efficiency, and satisfaction with which users of an application are able to achieve specific
goals (ISO, 1998). Also, usability can be defined as the capacity of a system to allow users to carry out their tasks
safely, effectively, efficiently, and enjoyably (A. W. Kushniruk & Patel, 2004; Preece et al., 1994; Preece, Sharp, &
Rogers, 2015). For several years, usability become a competitive necessity for the successful software development,
to create a “usable” system, the designer must create a good conceptual model of the application and effectively
transmit it to the user through the interface that must “accommodate” user’s mental model, namely their expectations
about system behavior (Cassino, Tucci, Vitiello, & Francese, 2015). Because of the developing technologies and
mobile device usage, usability engineering is emerged to understand interaction between devices and humans.
Especially internet and mobile based applications’ usability getting more important due to their excess usage
frequency. In recent years the field of usability engineering has emerged to address the need for the application of
scientific methods for improving system development and in particular human–computer interaction (A. W.
Kushniruk & Patel, 2004; Nielsen, 1993; Rossen, 2002). Usability engineering is described as a field that is concerned
generally with human-computer interaction and specifically with devising human-computer interfaces that have high
usability or user friendliness. It provides structured methods for achieving efficiency and elegance in interface design
(Mayhew, 1999). There are several evaluation methods and tools available to measure usability of systems. Although,
empirical methods refer to usability testing for user-centered interaction, though with new developments in
technologies and testing systems especially eye tracking devices has been started to use by usability engineers.
According to Howart et al. (2009) there are many difficulties on usability engineering process and they decide to
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divide this process into two sub-process as shown in Figure 9. First process is identifying and recording critical
usability data named as usability data collection. Second process is understanding and establishing relationships
among usability data as usability problem analysis. Against to Kushniruk (2002), traditional software development
life cycle contains (1) planning, (2) analysis, (3) design, (4) implementation, and (5) maintenance/support phases.
During the design and implementation phases a number of methods from the field of usability engineering are
becoming increasingly more important when conducting formative system evaluations (A. Kushniruk, 2002).
Especially developments in usability engineering emerge new usability test methods. The methods typically borrow
from an interdisciplinary perspective and draw from a number of areas including cognitive psychology, computer
science, systems engineering, and the field of usability engineering (A. W. Kushniruk & Patel, 2004). This
scientometric study might shed light on the tendencies of usability engineering literature since different aspects and
various kinds of concepts are being searched under the name of this literature. In the second section, how the data are
gathered and which methodology is followed are discussed. The third section covers the findings, and, finally, in the
last chapter, results are concluded and discussed.

Figure 9: Usability engineering process (Howarth et al., 2009).

2. Data and Methodology

The data were collected from the Web of Science database. The databases that the Web of Science covered at the time
were the Web of Science TM Core Collection, KCI-Korean Journal Database, SciELO Citation Index, and Derwent
Innovation Index SM. “Usability Engineering” and “Industrial Engineering” were the keywords used to apply this
research. “Usability Engineering” our main criterion was to conduct a search according to topic or title and “Industrial
Engineering” according the address of authors. It has seen that without inserting quotation marks while writing
usability engineering in the title criteria search engine, some of the publications found were out of focus. Thus, the
research was conducted by using these word groups: “usability engineering” in topic search engine and “usability
engineering” in title search engine and “industrial engineering” in address search engine. All the publications till date
were gathered, and it was found that 389 ones were published. Filters supported by the Web of Science were used to
perform classification of the publications. The chosen filters were publication year, countries, language, document
types, source title, and research areas. Excel was used to analyze the distributions and draw graphs.

3. Results
3.1. Publication Years
Totally, 389 publications were found from 1988 to 2015. While doing the research, any time bounds are not
determined. After refining publications according to publishing year, it is seen that 1988 was the year of the first
publication related to usability engineering. Figure 10 shows the chronological order of the publications, and Table
20 shows the most productive years. As seen from Table 20, the most productive year is 2007 with 47 publications.
During 28 years of publication background, trend in publications is very divergent between years. Until 2007
publication trend of usability engineering is increasing, but after 2007 publication trend was start to slightly decrease.
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Mean publication number is approximately 14 per year and the most productive years were 2007, 2009, and 2008.
Since this research has been conducted at the beginning of June 2015, so far, 3 publications have been published in
2015. It is too early to comment on the tendency of the general situation of usability engineering in 2015. By the end
of this year, it will be proper and appropriate to make an interpretation about the trend of the topic. 62.21% of the
publications are published in the most productive 10 years; in the remaining years, only 37.89% of publications are
published.
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Figure 10: Chronological distribution of publications
Table 20: The most productive 10 years
The
most
productive years

Number
publications

2007
2009
2008
2002
2011
2013
1997
2003
2010
2005

47
34
24
23
22
22
20
17
17
16

of

% Share in
publications
12.08%
8.74%
6.17%
5.91%
5.66%
5.66%
5.14%
4.37%
4.37%
4.11%

Table 21: Language distribution of publications

Rank
1
2
3
4
5
6

Languages
used
in
publications

Number
of
publications

% Share in
publications

English
Korean
German
Portuguese
Spanish
Russian

375
4
4
2
2
1

96.40%
1.03%
1.03%
0.51%
0.51%
0.26%
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French

1

0.26%

3.2. Languages and Countries
The Web of Science offers top 100 items in the selected section while refining results. It is found that only 7 different
languages are used in the publications related to usability engineering. The list of these languages is shown in Table
21. Overall, 96.40% of the publications are written in English whereas Korean is the second with 1.03% and French
is the least with 0.26%. It is seen that English is the most popular language in the usability engineering literature.
When refining the results in means of countries, it is seen that diversification is greater than languages. The top 100
countries are found in the Web of Science. The United States is the most productive country with 94 publications, and
the Germany is second with 54 publications. Figure 11 shows the geographical distribution of the 10 most productive
countries.

Number of Publication

94

54

28

USA

27

Germany Canada England

20

18

Austria

Spain

13

12

Italy

China

11

10

Denmark France

Figure 11: Number of publications by the most productive 10 countries
There are interesting statistics to be noted that the Germany produced 54 publications: only 4 publications were in
Chinese, and the rest were in English. In other words, 1.03% of the publications published in Germany and written in
German. Canada and England are supporting English publications. Although, in France, 10 publications are published,
but only 1 of these publications are written in French all around the world.
Table 22: The distribution of top 10 research areas
Rank

Top 10 research area

Number
of
publications

% share in
publications

1
2
3
4
5
6
7
8
9
10

Computer Science
Engineering
Medical Informatics
Psychology
Telecommunications
Education Educational Research
Health Care Sciences Services
Automation Control Systems
Business Economics
Sociology

288
141
35
28
20
17
14
10
9
8

74.04%
36.25%
9.00%
7.20%
5.14%
4.37%
3.60%
2.57%
2.31%
2.06%
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3.3. Research Areas
Since usability engineering is an interdisciplinary subject, there is a great diversity in the research areas. According to
the Web of Science databases, there are more than a hundred different research topics. Table 22 shows the top 10
research areas. Computer science is the first by covering 74.04% with 288 publications; engineering is the second
with 141 publications; and medical informatics is the third with 35 publications. It is seen that usability engineering
an interdisciplinary subject though most of the publications cover more than one subject area.
3.4. Document Types
Only six types of documents are related to usability engineering literature. Meetings are the most frequent document
type with 245 publications where 59.76% of all publications. Meetings are followed by articles (138, 33.66%), reviews
(21, 5.12%), editorial (4, 0.98%), patent (1, 0.24%), and abstract (1, 0.24%). Figure 12 represents the fact that the
three most frequently used document types have a big share among all other document types.
Review;
5,12%

Other;
1,46%

Article;
33,66%
Meeting;
59,76%

Figure 12: Document types distributions of publications
3.5. Source Title
The reflection of wide diversification of research areas is seen in the distribution of sources. More than a hundred
different sources are used to publish these publications. Lecture Notes in Computer Science is the top source with 69
publications, and its share is 17.74% among all the sources. In addition, Studies in Health Technology and
is the second with 11 publications and Human Computer Interaction - INTERACT '97 is the third with 11
Apart from the first source, the other sources in the top 10 list have a share less than 3%. These statistics show how
the shares are distributed in small amounts. The top 10 source titles have only 37.79% of the whole of the
The distribution of top 10 source titles van be seen from
Table 23.
Table 23: The distribution of top 10 source titles
Rank

Top 10 source titles

Number of
publications

% share in
publication

1
2
3
4
5
6
7
8

Lecture Notes in Computer Science
Studies in Health Technology and Informatics
Human Computer Interaction - INTERACT '97
International Journal of Human Computer Studies
HCI and Usability for Medicine and Health Care Proceedings
Journal of Biomedical Informatics
International Journal of Human-Computer Interaction
Interacting with Computers

69
11
11
10
9
8
8
8

17.74%
2.83%
2.83%
2.57%
2.31%
2.06%
2.06%
2.06%
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9
10

Behaviour & Information Technology
Human-Computer Interaction, Pt 1, Proceedings: Interaction
Design and Usability

7

1.80%

6

1.54%

4. Discussion and Conclusion

This study is focused on the publications trend in the Usability Engineering subject. The Web of Science is used as a
tool to collect the publications related to usability engineering till date. The main aim of this study was to do a
scientometric analysis of usability engineering publications. To accomplish this aim, usability engineering is searched
in the Web of Science search engine in topics and in titles with apostrophes simultaneously. Totally, 389 publications
were accumulated. Furthermore, publications were examined under these topics: publication years, countries,
languages, research areas, document types, and source titles.
The first publication related to the usability engineering subject was published in 1988, and the year 2007 was the
golden year of publications. It was found that totally 7 different languages were used in publications. The most used
languages are English, Korean, and German respectively. Moreover, the most productive country was found to be the
United States with 94 publications and followed by the Germany and China. More than a hundred types of research
areas were used. Furthermore, the most popular area of research was Computer Sciences with 74.04% and followed
by Engineering with 36.25% of all publications. Document types were divided into six different groups, and meetings
had the greatest share with 59.76% of whole publications. According to source title classification, it was found that
there was only one well-accepted source title which had 17.74% share of all publications.
This study also has limitations. As mentioned earlier, the Web of Science was used to do the scientometric analysis.
Thus, only the Web of Science databases that were covered were included in this research. Although Korean is the
second most used language in publications with German but Korea was not found in the publication countries. For
further research, to do an analysis, other databases can also be covered. This research was also held at the beginning
of June 2015. Some of the publications during 2015 could be included in the analysis; at the end of 2015, this analysis
can be done again and the whole picture can be seen again. In addition, publication trends in different subject areas
can be examined, for instance, beside usability engineering publication trends of usability or functionality in industrial
engineering or in computer engineering.
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Abstract
One of the widely accepted reports reveals that greenhouse gases contributed a global mean surface warming likely
to be between 0.5 °C and 1.3 °C over the period between 1951 and 2010. It goes on to state, that it is inevitable that
continued greenhouse gas (GHG) emissions at current rates will result in greater warming and damage on the climate
system. To this end, nations try to conduct policies concerning the carbon emission problem. For the case of Turkey,
statistics reveal that our national primary energy consumption increased at an un-ignorable annual growth. In the light
of this information, the management of carbon emission issue and the selection of appropriate clean energy technology
at national scale can be considered as a key issue. Various studies on environmental impacts of energy use for the case
of Turkey, accentuate the rapid growth of pollutant emissions and reveals that national policy makers are in urgent
need of an appropriate modeling methodology that could give accurate projections on future forecasts. Contrary to the
expectations, there exist no commonly accepted energy-economy-environment model that gives safe estimates on the
future projections of Turkey. This study aims to give not only the historical progress but also the projections related
to Turkey’s national energy sector by utilizing bottom-up modeling approach.

Keywords

Energy, climate change, policy assessment, GHG emission

1. Introduction

Climate scientists emphasize that an increase of 2°C is set a threshold value above which the climate system will
deteriorate rapidly (Goggins, 2005). To this end, nations try to conduct policies concerning the carbon emission
problem. The challenge for policy makers is mainly two-fold. First of which is to make decision on what international
agreements to join and second is to select the well-fitted policy to keep the overall emission within target limits
(Goggins, 2005). For the case of Turkey, statistics reveal that our national primary energy consumption increased at
a 5.1% annual growth over the course of 50 years (Kumbaroglu, 2003).
Investigating the contributing causes, within the variety of factors, population and gross domestic production can be
considered as key drivers. Compared to 1990 without any breakage, Turkey’s population keep growing and reaches
approximately 76 million estimated population by 2014. It should be noted that, apart from increase in the population,
per person emission value has been doubled within the period of 1990 (2.31) to 2012 (4.03). When examining the
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relative change of energy consumption with respect to the electricity consumption, electricity usage per person has
been approximately tripled. While in 1990 this ratio was equal to 0.90 Mwh/person, recent value hits 2.76
Mwh/person. Since IPCC defines economic activities as the one and only reason of climate change, in order to make
a clear assessment, another indicator is set as the ratio of CO2 with respect to GDP. Figure 1 depicts the change over
the years started from 1990. Although the production levels and related CO2 values has been growing, slight decrease
on the ratio can be addressed by technological progress by years.
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Figure 1: CO2 change
The most sensitive spot of the figure is that GHG increased 124% in 2011, compared to the 1990’s value. Another
punch line is that; energy sector incurs 86% of the CO2 emissions. Turkey is required to mitigate greenhouse gas
emissions by the Montreal Protocol using the Revised Intergovernmental Panel on Climate Change (IPCC) Guidelines
and IPCC Good Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories (TUIK,
2013).
In the light of this information, the management of carbon emission issue and the selection of appropriate clean energy
technology at national scale can be considered as a key issue. Various studies on environmental impacts of energy use
for the case of Turkey, accentuate the rapid growth of pollutant emissions and reveals that national policy makers are
in urgent need of an appropriate modeling methodology that could give accurate projections on future forecasts
(Kumbaroglu, 1997; Demirtas, 2003). To respond the need of energy and environment modeling, in this study it is
aimed to propose an optimization model to capture general energy system behavior in response to the considered
policy or action related to energy-economy-environment

2. Literature

The threat of climate change that results from greenhouse gas emissions, gives rise to the necessity of climate change
policy analysis model. To meet this need, the total number of available energy models has grown tremendously. This
kind of models vary depending on their target group (policy makers, scientific and research communities), intended
use (data analysis, forecasting, simulation, optimization, estimation of parameters, etc.), regional coverage (regional,
national, global), conceptual framework (top-down, bottom-up) and the information available (Herbst et al., 2012).
As a result of the large diversity of these models, the question arises about which model is the most suitable for a
given specific purpose. Moreover, different models have different characteristics that are important to take into
account when interpreting the results that gathered from them. To answer this question, a classification scheme can
be a beneficial way of providing insight in the differences and similarities between energy models.
There are two broadly accepted approaches for modeling the interaction between energy, the environment and the
economy according to the level of aggregation as bottom up and top down.
Bottom-up and top-down approaches differ mainly with respect to the structure of technologically based treatment of
the energy system and the theoretically consistent description of the general economic system. The models that belongs

236

Proceedings of the 2nd Global Conference on Engineering and Technology Management 2015, Chicago, IL, USA,
September 4 – 5, 2015
on the former group are purely partial models of the energy sector, in which interaction with the rest of the economy
are not taken into consideration. The latter namely top-down models describe the energy system in a highly aggregated
way by means of neoclassical production functions (Löschel, 2002).
Due to the shortcomings of each model type, recent studies revealed the necessity of combining the two modeling
approaches called hybrid models that contain technological explicitness of bottom-up models with the economic
comprehensiveness of top-down models were developed (Proenca and Aubyn, 2009).

Figure 2: Energy-economy-environment models basic classification
As it can be seen from the above figure that, in the literature there have been numerous models, which can be classified
under these most popular three headings.
2.1 Top-down models
In top-down models aggregate economic variables are used to evaluate the system. The term “top” is used to denote
the aggregate models, whereas “bottom” stands for the disaggregated models. Top-down models can be considered as
economic type models that rely on the mechanism, which uses parameters to estimate aggregate relationships between
costs, the inputs and outputs to an economy in an equilibrium framework.
The modeling methodologies that are classified under top-down approach can be listed as; Input-Output Models,
Integrated Assessment Models, Computable / Applied General Equilibrium Type of Models and Econometric Models.
2.2 Bottom-up models
Bottom-up models include a partial equilibrium representation of the energy system, describing it in great detail. They
are generated with high technological detail even cost structures of future technologies (Böhringer and Rutherford,
2008). Bottom-up models try to find the least-cost combination of energy technologies to meet energy demand that
restricted by technological availability, potential of energy sources, emissions etc.
Bottom-up models are not capable of observing the interactions of the energy sector with the rest of the economy.
Moreover, only the explicit cost elements of economic agents are represented in this kind of models. Different
methodological approaches have been used in bottom-up energy-economy models. There is three commonly accepted
methodological categories in the literature as: simulation, optimization and accounting models (Mundaca et al., 2010).

2. Proposed Model

Bottom-up models include a partial equilibrium representation of the energy system, describing it in great detail.
Bottom-up models try to find the least-cost combination of energy technologies to meet energy demand that restricted
by technological availability, potential of energy sources, emissions etc.
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TIMES can be considered as a bottom-up developed version of MARKAL model generated by the Energy Technology
Systems Analysis Programme (ETSAP) (Fishbone et al. 1981; Berger et al. 1992). The functionality of the model is
extended by adding new features to the exploration of energy systems (Loulou and Labriet, 2008). As a result of its
flexible structure, MARKAL and TIMES are two of the most popular bottom-up models that have been preferred for
diversified range of studies in more than 80 institutions in 50 countries (Loulou, 2005). To this end, in this study
TIMES modeling framework is applied for the planning horizon that covers the period from the calibration year 2012
to 2042 (each period has a duration of 5-years). Within this model 128 power generation technologies (including both
conventional and renewables), 50 energy consumption technologies (including coal gasification, coke production, oil
refinery, hydrogen production, etc.) and five different energy demand sectors (transportation, agriculture, commercial,
and residential) are analyzed. In order to cover the national energy sector, just for demand over 800 different
technologies are defined. The demand for energy services may be set apart by sector (i.e., residential, manufacturing,
transportation, and commercial), by specific functions within a sector (e.g., residential air conditioning, heating,
lighting, hot water, etc.) and by region, if desired. The general modeling structure is given in the following figure.

Figure 3: Times model building blocks
Primary Energy Sources
Energy resource technologies provide energy carriers by supplying the energy forms to the system with a specified
unit cost that depends on the technology’s specifications (such as cumulative resource availability, cost of
procurement, bounds on its annual production activity). Import, extraction process and renewables are the channels
that create inputs to the energy resource whereas export is used to express the direct decrease in the total energy stock.
Installed Capacity
Since TIMES modeling framework is used to benchmark the results, the database structure is prepared in accordance
with it. In TIMES, technology (also called process) is defined as the representation of physical devices that uses an
input (commodity) and transforms it into an output (another commodity) in different type.
Processes may be primary sources of commodities (e.g. mining processes, import processes), or it can be a process
that transforms primary energy to secondary or a process that stands for the fulfillment of the end use demand of any
of the above-mentioned sectors. Conversion technologies, oil refineries, natural gas pipelines, demand technologies,
carbon capture and storage, emission tracking and distribution technologies for sectorial flows of energy are defined
under the class of technology.
The installed capacity of Turkish electricity production industry is determined using the tables obtained from the
Ministry of Energy and Natural Resources (MENR) related to June 2014. The inputs of energy industry are determined
as mineral coal, lignite, asphaltite, wood, animal and plant residuals, petroleum, natural gas, hydraulics, geothermal,
solar, according to the 2012 Energy balance table published by MENR.
Demand Sectors
The energy demands of the five main demand sectors as; Agriculture Sector, Residential Sector, Commercial Sector,
Transportation Sector and Industry Sector.
For residential sector, data that presented in the “Building Census 2000” (TurkStat, 2001) is used and energy demand
is projected regarding to number of dwellings. The transport sector energy demand set is addressed in terms of
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transportation modes (such as air, road, rail, and sea). Then, for each transportation mode, vehicle types serving or
having the potential to serve are defined and classified. In addition, for each vehicle type several technologies based
on available and future potential fuels are defined. The industry sector energy demand set is divided into 11 industrial
sub-sectors, namely cement, chemical, glass, iron and steel, non-ferrous metals, pulp and paper, automotive, food and
beverage, textile, and other industries The final energy demands of industries are prepared according to the Energy
Protection Agency (EPA) classification. Percentage breakdowns for each sub-sector and corresponding processes are
obtained from MECS (Manufacturing Energy Consumption Survey)1 database which is prepared by EIA (U.S. Energy
Information Administration). Additionally, in order to generate industry specific energy breakdowns, “Energy
Consumption of Production Industry (Companies that consume 500 ton or more equivalent petrol)” report published
by Turkish Statistical Institute in 2004, is used.

3. Results

More than one-quarter of total greenhouse gas emissions come from the industry sector (see Figure 6), making industry
the largest source of greenhouse gas emissions in the Turkey according to the model results. By 2022, electricity
generation sector takes the lead in emissions and the ratio that belong to industry sector drop behind. Transportation
sector increases 58.3 Mton CO2 and increases its share as 17% of the total emissions. What is surprising about
residential and commercial sector, the share of it drops down to 12%, whereas, it constitutes 20% of the base year
total emissions with the value of 67.84 Mton CO2.
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Figure 4: Energy-economy-environment models basic classification
In addition to business as usual scenario, three additional scenarios are set in order to monitor the energy consumption
under the assumption that no precautions (NP) and additional precautions (AP), and emission restrictions (ER) (%20
reduction with respect to BAU) are taken.
Since ER scenario has carbon reduction constraint as it can be seen from the figure 7 total emissions are lowered by
20%. Transportation and electricity generation sectors show significant response.
By 2030 total emissions resulted from transportation sector decreased by 15%. diesel consumption goes down on the
contrary, ethanol consumption gets higher throughout the model period.
Electricity generation also changes under different scenario assumptions. Under business as usual scenario it is
expected to reach 50% share for coal within the total electricity generation sector, where as this ratio goes down to
31% in AP and 21% in ER scenarios.

1

Detail information about the database can be found on http://www.eia.gov/consumption/manufacturing/index.cfm
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4. Conclusion

The Reference scenario and the scenario of the energy system behavior under pre-set emission targets are developed
in TIMES modelling system to examine future energy trends. The Reference scenario simulates current behavior of
the national energy sector by the end of 2012 and the following results are gathered.
Moreover, if the existing trends continue, the CO2 emissions are expected to triple by 2032, and rise till the end of
planning horizon but the sectors of the largest emitters change. In the emission reduction scenario, the emissions are
restricted by 30% below that of reference scenario. The same final energy demand volume is also satisfied and
additionally, the efficiency of the system increases. By this scenario, the system reduces the dependency on Coal and
invests in alternative sources as expected.
As one of the principle sources of Turkey electricity generation sector natural gas take up the slack resulted from coal.
Natural gas usage increases as additional carbon reduction targets are set. In ER scenario it hits peak by 44.7% within
the whole electricity generation in 2030, and gets 33% in AP whereas in BAU it only gets the 18.58%. Since Turkey
aims to get energy security by reducing its dependency on natural gas, the model results shows a reverse situation.
Additionally, since Turkey tries to boot investments on renewables by enacting incentive laws, related technologies
are only eligible under the emission reduction scenario due to low availability and high investment costs.
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Abstract
Cross Functional Teams (CFTs) have become a popular organisational structure for New Product Development (NPD)
projects. However, it is not clear whether CFTs are beneficial in terms of reducing project cycle time and if any
possible reduction is affected by the project characteristics related to the level of “project complexity” in the project.
The aim of this paper is to investigate whether the use of CFTs is beneficial in terms of reducing project cycle time
for all type of projects or whether the reduction magnitude is moderated by the level of “project complexity” in the
project.
This issue was investigated in two steps: (i) factors driving project complexity in NPD project were determined: These
are “Project Uncertainty” (PU), “Product Newness” (PN), “Product Interconnectivity” (PI), and “Product Size” (PS).
(ii) a System Dynamics (SD) simulation model was developed to represent a multi-phase project including the effects
of the project complexity factors and representing the level of use of CFTs through the project coordination activity.
The model was validated through a real world project from the aerospace industry.
Policies regarding the degree of CFT integration in the project and the levels of the project complexity factors were
simulated. The results indicate that CFTs reduces cycle time regardless of the level of project complexity. The
magnitude of this reduction is less important as the levels of PU, PI, and PS increases and more important as the level
of PN increases. The implications of these results for the management of NPD projects are discussed.

Key Words

Project Management, System Dynamics, New Product Development, Cross Functional Teams, Project Complexity,
Project Cycle Time.

1. Introduction

Development of new products is becoming increasingly crucial to the survival and performance of companies in terms
of market share, revenues, and competitive advantage (Bessant and Tidd, 2007). However, developing such new
products is a daunting task. Rapid changes in customers’ preferences coupled with a high rate of technological
innovation have reduced products life cycles and complicated development of new products.
The reduction in products life cycles caused a paradigm shift in New Product Development (NPD) project
management from a sequential functional process to a concurrent cross-functional one (Durand, 2009; Lin et al; 2008;
Tatikonda and Montoya-Weiss, 2001). This change has two main effects on the management of NPD projects: (i)
more concurrency (parallelism) between project phases such that work starts in downstream phases of the project
before it is completed in the upstream ones and (ii) NPD projects are carried out by a Cross Functional Team (CFT),
which include members from different functions (marketing, engineering, manufacturing,...) in addition to
representatives from customers and suppliers working together to develop a new product (Durand, 2009; McDonough,
2000).
Cross Functional Teams as an organisational structure for NPD projects have gained in popularity in the last decade
(Fernandez et al, 2010; Barczak et al, 2009; Durand, 2009; Edmondson and Smith, 2006; Pinto, 2002; McDonough,
2000) and have had a positive impact on NPD project performance (Sarin and Mahajan, 2001). Studies suggest that
70% to 97% of firms use CFTs in their NPD projects and 33% use them 100% of the time (McDonough, 2000).
The adoption of CFTs as an organisational structure aiming at reducing time to market of new products yielded mixed
results. An analysis of the literature linking the use of CFTs to the NPD project time performance (Tessarolo, 2007;
Swink and Song, 2007; Griffin, 2002,1997; Olson et al, 2001) suggests that there is no consensus with regard to the
effects of CFTs on project cycle time. While many studies reported a positive effect of CFTs in terms of reducing
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project cycle time, some studies reported either no effect or a negative effect. The literature also point out to the fact
that the effect of CFTs on NPD project cycle time does not depend exclusively on the project management operational
processes but it is greatly influenced by the characteristics of the project. Decisions regarding the level of innovation
in the project, the size and architecture of the product being developed, and the fraction of the new product to be
redeveloped have all been found to influence the effect of CFTs on project cycle time (Fernandez et al, 2010;
Edmondson and Nembhard, 2009; Tatikonda and Rosenthal, 2000; Clift and Vandenbosch, 1999). Given that these
decisions are strategic in nature (Griffin, 2002, 1997) and determine the level of “project complexity” in the NPD
project (Lebcir, 2006), this means that the effect of CFTs on project cycle time is contingent upon the level of “project
complexity” in the NPD project.
If the NPD literature acknowledges that CFTs affects NPD project cycle time and that this effect is influenced by the
level of project complexity in the project, this literature does not explain, at the project level, the mechanisms
underpinning this effect and influence. Generally this literature either uses descriptive case studies methodology or
investigates these issues through statistical analysis in which the project as a whole is the unit of analysis in the sample.
This precludes an understanding of the inner structure of the project and the cause-effect relationships which may
explain how CFTs relate to project cycle time and how project complexity influences this relationship.
Modelling approaches such as System Dynamics (SD) overcome these methodological problems and have been
applied extensively in the area of Project Management (Lyneis and Ford, 2007; Rodrigues and Bowers, 1996).
However, an overview of the SD project management literature shows that SD models of NPD projects have been few
and far between (although there is a sizeable literature of SD in Project Management) and even in this stream of
research, models focused mainly on the project management operational characteristics of NPD projects such as the
effect of coordination (as a proxy of CFTs) and overlapping on project cycle time (Lin et al, 2008; Ford and Sterman,
1998). These models did not explicitly include the different factors driving the level of “project complexity” in the
project or if they did, “project complexity” was represented in an extremely simple way and as a single variable in the
model (Joglekar and Ford, 2005) and this is despite the fact that “project complexity” is driven by several factors and
was found to have a significant influence on the relationship between CFTs and project cycle time in particular as
indicated by the literature cited above.
The current research aims to evaluate the influencing impact of project complexity on the relationship between CFTs
and project cycle time using System Dynamics modelling. As such, this research addresses some of the research gaps
and weaknesses discussed earlier. From an NPD perspective, it addresses the problems associated with the use of
qualitative or statistical methodologies by representing the project structure explicitly. From a System Dynamics
perspective, the research extends and broadens the scope of previous models by representing project complexity in a
novel way reflecting the current state of knowledge in the NPD literature and then integrating it with the project
operational characteristics in a single SD model. This research will, therefore, improve our understanding with regard
to the effects of project complexity on the relationship between CFTs and NPD project cycle time and the mechanisms
underlying this relationship.

2. Cross Functional Teams and Coordination in NPD projects

Cross Functional Teams (CFTs) have been adopted, by most organisations, as the preferred organisational structure
for their NPD projects (Fernandez et al, 2010; Edmonson and Nembhard, 2009; Barczak et al, 2009). A CFT includes
members from different organisational functions working together on project activities generally over the whole
project lifecycle. This shift to CFTs was triggered by many reasons, the most important being (i) the shrinking of
product life cycles and the consequent pressures to move new products to market faster, (ii) the adoption of Concurrent
Engineering (CE), which lead to parallel execution of project phases and (iii) the need to collaborate between highly
specialised professionals involved in NPD projects (Edmonson and Nembhard, 2009; McDonough, 2000).
At the project level, CFTs organisation exhibits itself mainly through two elements. First, the frequency and amount
of communication between team members from different functions. The rationale is that CFTs cannot be effective
unless there is rich, frequent, and multi-directional communication flows between functions (Akgun et al, 2006; Olson
et al, 2001). Second, the substance of the communication and its effect on the execution of tasks through project team
learning (Akgun et al, 2006; Olson et al, 2001; Song et al, 1997; Kahn and McDonough, 1997). Relevant and
knowledge enhancing information disseminated among team members improves organisational learning in the project
and lead to faster task execution and better quality of project work. Therefore, from a project management perspective,
it is safe to say that coordination activities, that is the activities related to information sharing, communication, and
interaction between the project team members, constitute a strong indicator of the use of CFTs in the project (Song
and Swink, 2009; Akgun et al, 2006, Griffin, 1997).
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2.1. System Dynamics Modelling of CFTs and the Coordination Activity
SD modelling has been extensively used in the area of project management during the last four decades. The main
driver for using SD is the fact that projects are fundamentally complex dynamics systems involving many feedback
processes ( Lyneis et al, 2001). This complex and dynamic nature of projects requires the rigorous approach SD offers
to represent and analyse projects (Lyneis and Ford, 2007; Rodrigues and Bowers, 1996). In fact, project management
has been the area where SD has excelled (Repenning, 2000) as projects management models were developed in various
areas including aerospace, civil construction, shipbuilding, software, and product development (Lyneis et al, 2001,
Ford and Sterman, 1998).
However, despite the extensive use of SD modelling in project management, CFTs as an important organisational
structure in NPD projects (and its related coordination activity) is an area of project management, which attracted less
attention and remain broadly untapped by SD specialists. The exception is the model developed by Ford and Sterman
(1998) which investigated, among other things, the effect of coordination activity (as an indicator of the use of CFTs
in the project) on project performance. In this model, coordination was defined as the project activity, which refers to
the meetings taking place between developers working in different phases of the project when an error is made in an
upstream phase of the project is discovered in a downstream phase. The model showed that increasing co-ordination
between phases had a negative effect on project cycle time and was not always the suitable policy for moving new
products faster to the market.
Despite the merits of this model in representing explicitly coordination as a project management activity, the model
assumes that projects are similar and does not account for differences in terms of the level of project complexity in
the project. Furthermore, the coordination in the model is assumed to take place only between members of the CFT
working in different phases of the project. This is a departure from the reality of NPD projects, where coordination
often takes place between developers working within the same phase of the projects especially in large scale projects
or where the project takes place in different sites and locations.
2.2. Project complexity factors in NPD projects
Contrary to what could be expected, the concept of “project complexity” is still ill defined in the context of NPD
projects and this is despite the recent growing interest to this concept in the general project management literature
(Maylor et al, 2008). An overview of the NPD literature indicates clearly that there has been a lot of confusion with
regard to the determination and definition of the factors driving project complexity in NPD projects.
The positive news is that there have been some frameworks developed recently, which attempted to address this issue
and presented a comprehensive and a coherent view of NPD project complexity and the factors driving it (Lebcir,
2006; Kim and Wilemon, 2003). An analysis of these frameworks indicate that project complexity in NPD projects is
driven by the following factors
Product Size: This factor refers to the number of parts in a product or the number of functions performed by a product
(Griffin, 1997). This factor drives project complexity because an increasing number of parts or functions in a product
render the process of fitting them into a coherent whole very difficult as the number of possible parts interface
combinations becomes important. Furthermore, the feasible solutions set for integration between parts and functions
is large for sizeable products, making the process of determining the “optimal” integration solution complicated and
time consuming (Ulrich, 1995).
Product Interconnectivity: This factor refers to the degree of interdependence between the product parts and functions
sub-assemblies (Lebcir, 2006). It has been observed that if a product has a tight architecture, that is if the product parts
and sub-assemblies are highly interdependent, the management of the project becomes more challenging as the
intensity and difficulty of activities such as project planning and execution, error correction and rework, and
coordination become significant (Ulrich and Eppinger, 2000; Williams, 1999).
Product newness: This factor is defined as the portion of the new product which need re-design from previous
generations of the same product (if applicable) (Griffin, 1997). As such, product newness reflects the size of the change
required in the product parts and/or process technologies when developing a new product (Tatikonda, 1999). Product
newness drives project complexity because it leads to an exponential increase in the number of tasks to be performed
to finish the project. If the number of new parts to be redesigned becomes important the number of tasks to be
performed increases significantly as more gaps in existing technologies and development methods would appear.
Issues of fitting old and new parts and technologies mean that developers would have to consider more design
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possibilities and alternatives and this requires high levels of knowledge creation, transfer, and synthesis (Kazanjian et
al, 2000).
Project Uncertainty: Uncertainty is inherent in NPD projects since each project includes a certain jump into the
unknown. Project uncertainty, therefore, reflects the size of the knowledge gap which needs to be filled in order to
reach the end of the “unknown” territory in the project. The level of project uncertainty is critical to project complexity
because the knowledge gap in the project means that the suitable methods, tools, and capabilities to be deployed in a
project are not always well known and understood when the execution of development tasks in the project starts
(Fernandez et al, 2010; Sicotte and Bourgault, 2008; Tatikonda and Rosenthal, 2000). Where project uncertainty is
high, the magnitude and quality of the information required to close the knowledge gap and execute the development
tasks is important (Tatikonda and Rosenthat, 2000). In such contexts, several cycles of trial and error, problem
framing, and methods testing and refinement, are generally required to complete the project tasks and deliver the
product to the market.
From a project management perspective, the project complexity factors have been found to have an impact on many
operational aspects of the NPD project. For example, the number of development tasks in a project, which indicates
the total effort needed to execute the project and deliver the new product to the market, is affected by the product
newness factor. If the number of new unique parts in a product is considerable, more work will have to be done as
each new part will need to be designed and its fitting with the surrounding parts analysed (Kazanjian et al, 2000).
Similarly, where project uncertainty is high, tasks are seldom completed right the first time leading to a substantial
increase in the number of tasks needing rework (Joglekar and Ford, 2005). In such contexts, sizeable amounts of
information are processed among developers to generate the necessary knowledge to complete the development work
successfully (Tatikonda and Rosenthal, 2000).

3. Simulation Model framework and description

The model presented here is grounded on and combines the findings of two streams of literature: (i) the theoretical
frameworks developed in the field of NPD management and (ii) previous SD models in which many feedback
structures central to project dynamics have been identified, simulated, and validated.
NPD theoretical frameworks include those which linked the use of CFTs to the project performance and which focused
on the impact of innovation on the relationship between CFTs and NPD project performance. These frameworks
included variables such as team and group integration, decision authority, communication, resource availability, top
management support, and co-ordination mechanisms (Tatikonda and Montoya-Weiss, 2001; Tatikonda and Rosenthal,
2000)
SD models informed the model building process by providing information with regard to some generic processes in
NPD project management. Such processes include work progress, schedule pressure and alteration, productivity,
workforce level, error discovery and correction, quality assurance activity, project scope, perceived versus real
progress, developers learning and experience, normal and overtime work, project priority, coordination mechanisms
(Taylor and Ford, 2006; Black and Repenning, 2001; Ford and Sterman, 1998).
The simulation model includes several phases reflecting the evolution of NPD projects over time. Each phase is
simulated through a model incorporating several interlinked sectors such as planning, development process, human
resource management, targets, scope, productivity, work allocation, and top management support.
3.1. The Single Phase Model
The single phase model is centred around the planning and development process sectors, which simulate the
transformations affecting the state of the development tasks in the NPD project phase (see Figure 1). Initially tasks
are in the state of “Tasks to Plan” (Tp) and once the planning activity is completed their state changes to “Tasks
Planned” (Td). As the planning information is released, tasks move to the state of “Tasks to Complete” (Tm) signalling
the start of the execution stage of the project. As tasks are executed, they are then transferred to the state of “Tasks
Completed Not Checked” (Tc) where they are checked for possible flaws. If a task if found flawed, it is transferred to
the state of “Tasks to be Reworked” (Tr) and then reworked and returned to the state of “Tasks Completed Not
Checked” for further checks. If a task is found not to be flawed, its state changes to “Tasks Approved” (Ta), which is
followed by a movement to the state of “Tasks Released” (Ts).
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Figure 1: The evolution of development tasks within a project phase
The model accounts also for the common situation when a flawed task generates more rework than the original task.
This situation occurs, for example, when a flaw in the design of a part leads to the re-design of many other parts as a
result of the interfaces between these parts (Ulrich and Eppinger, 2000; Ulrich, 1995). Therefore, some of the approved
tasks, which passed the quality checks successfully, will need to be reworked and the state of these tasks is changed
from “Tasks Approved” (Ta) to “Extra Rework to Approve” (Te). The approval of this extra rework is generally
required because of its resource implications for the project. If approval is given, the tasks state changes to “Extra
Rework Approved” (Tx). Individuals or teams affected by the change need to coordinate and exchange information
with regard the best ways to proceed with the changes before tasks are reworked.
The changes to the states of the development activities, which portray the project work progress in the project phase,
take place through the following development activities
 Planning: Gathering of information about the methods and resources required to execute a development task
 Base-work (completion): Execution of a development task for the first time
 Quality assurance: Verification that a development task has been executed correctly
 Rework: Extra execution work to correct a flawed task
 Internal coordination: Exchange of information to re-execute an approved development task requiring rework
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These activities are executed by the development team. The rates at which these activities are performed depend on
the technical constraints related to the project work and the resources available to carry out the activities (Joglekar and
Ford, 2005; Ford and Sterman, 1998). The other activity which affects the change in the state of project tasks is the
approval of extra rework activity, which is under the responsibility of the project management team (Meredith and
Mantel, 2010).
3.2. The Multi-Phase Model
The multi-phase model includes several phases, each reflect the single phase described earlier (The ARRAY function
on ITHINK is used to replicate the different phases). The interaction and linkages between the project phases are
represented through “phase concurrency”, the “external co-ordination” activity, and the “redundant tasks transfer
between phases”. Phase concurrency refers to the level and shape of parallelism between the different phases of the
project. The model allows three concurrency possibilities: sequential (that is a downstream phase starts when all the
work in the upstream phase is completed); parallel (that is the upstream and downstream phases start simultaneously
and the work proceeds in both of them at the same time); or concurrent (that is when the work starts in a downstream
phase when a fraction of work is completed in the upstream phase). In the case of concurrent structure, the model
allows for the modelling of a range of possibilities of the level of concurrency (parallelism) between the project phases.
The “external coordination” activity represents situations of interaction between developers working in different
phases of the project (in the same way as internal co-ordination represents interaction between developers working in
the same phase of the project). External coordination takes place whenever some development tasks in a phase require
correction as a result of requests from other phases of the project and represents the information exchanges taking
place between developers in these phases. Tasks which are “externally co-ordinated” go through the same approval
process as those internally co-ordinated before they are corrected and released again to the phase requesting the
correction.
The “redundant tasks transfer between phases” represents situations in which tasks which were deemed correct in an
upstream phase and released to downstream phases of the project require rework after they were released as a result
of their linkages to flawed tasks discovered later in the upstream phase. The model represents the flows of these tasks
from downstream phases back to the upstream one and the associated processes of approval, rework, and re-release to
downstream phases.
3.3. Impact of the Project Complexity Factors
In the current model, the effect of the project complexity factors on the project operational variables is represented
through a set of non-linear functions, where each non linear function links an input variable representing the project
complexity factor to an output variable representing the effect of the project complexity factor on a project operational
variable. This representation allows us to include all the four project complexity factors mentioned above and the
impact of each single factor on all the project operational variables it affects. For example, if the factor “project
uncertainty” affects the operational variables “productivity” and “quality of development work”, there will be two
non-linear functions, one representing the effect of “project uncertainty” on “productivity” and the other representing
the effect of “project uncertainty” on “quality of development work”. As an example, figure 2 shows the effect of
project uncertainty on productivity.
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Figure 2: Effect of Project Uncertainty on Productivity

4. Model validation

The SD validation process includes qualitative, quantitative, and behaviour reproduction tests (Sterman, 2000). The
current model was validated through an in depth analysis of a real world project to develop a new navigation system
for an aircraft. The project took place in the United Kingdom and the team responsible for the development of this
new system was actively involved in the validation process. The project included the following phases
 Concept development: In this phase, the product technical description including its architecture, structure,
and functions are determined. This description includes also the performance targets for each part and subsystem of the product in terms of technical specifications reflecting expected product’s quality and
functioning standards.
 Product design: This phase involves in its early stages the schematic design of the product, that is the high
level architectural design of the product and the structures of the sub-systems and their linkages. The second
stage focuses on the detailed design of the individual parts and sub-systems.
 Process design: This phase consists of the determination of the modifications to the technological process to
manufacture the new elements of the product. It includes the selection of the material to be used, design of
the production layout and mask cards, and the sequence of activities to manufacture the product.
 Testing: In this phase, a prototype of the navigation system is manufactured and fit onto an aircraft. The tests
include the evaluation of the new software and hardware against the technical specifications determined in
the concept development phase and then fitting the navigation system into a modified aircraft and conducts
flight trials to evaluate the performance of the system under real flying condition
Qualitative, quantitative, and behavioural validations tests were performed on the model (Sterman, 2000). The
qualitative structure of the model was validated through several interviews and workshops involving people at
different levels of the company as well as the teams involved in the project. The interviews and workshops enabled
the refinement of the model qualitative structure to the satisfaction of the project team. The quantitative structure of
the simulation model was validated by a thorough check of the model variables and equations. A list of the model
variables and their meaning was made available to the project team to check for any inconsistency in the researcher
and the team understanding of the variables. In addition, each equation in the model was checked for dimensional
consistency and extreme conditions tests (Eg all tasks completed in the project are flawed) were performed on the
model. The simulation results from these tests were all consistent with expectations.
The behavioural reproduction tests were performed through comparison of the simulation model outputs and the real
world behaviour of a large set of variables in the project. The model replicated with high accuracy all the variables
tested. As an example, the simulated and real world behaviours over time of the flows “Base-work rate” and the stock
“Tasks completed not checked” from the design phase of the project are presented in figures 3 and 4 respectively.
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Figure 3: Model replication of the “base-work” rate
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Figure 4: Model replication of ”tasks completed not checked”

5. Scenario description and analysis

The experiments on the model were conducted by varying the level of the four “project complexity” factors and the
operational variables related to the co-ordination activity. Each of the four project complexity factors, that is “project
uncertainty” (PU), “product newness” (PN), “product inter-connectivity (PI), and “product size” (PS), was assigned
three different levels defined as “Low”, “Reference” and “High” (Shenhar, 2001; Swink, 2000). A scenario is
defined as a project in which each of the four project complexity factors is assigned one of the three levels mentioned
above. For example, a project in which PU is low, PN is reference, PI is reference and PS is high is a scenario. Given
that we have four project complexity factors each accepting 3 possible levels, the number of possible scenarios is
equal to the number of combinations of 4 factors and 3 levels, that is (34) or 81.
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The degree of use of CFTs is represented in the model through the “co-ordination” activity, which is tested through
two levels: “Low” and “High”. These levels are reflected through changes to co-ordination related variables in the
model such as the priority of the co-ordination activity compared to other activities and the speed with which resources
are allocated to perform the co-ordination activities.
5.1. Simulation results
The aim of this research is to evaluate the effect of the interaction between the project complexity factors and coordination on project cycle time. In order to achieve this, the analysis is conducted such that the focus is on the effect
of a single project complexity at a time. The rationale of this analysis is grounded on the fact that (i) the level of each
project complexity factor in a project is determined independently from the other factors and (ii) each factor impacts
on the project cycle time separately from the other factors (Griffin, 1997). The results analysis for each project
complexity factors is presented in the following
Project Uncertainty: The effects of the interaction between project uncertainty and coordination on project cycle time
is presented in figures 5, 6, and 7 (for low, reference, and high project uncertainty respectively). The graphs indicate
clearly that if the level of project uncertainty increases, the completion time of the project becomes more important
regardless of the level of product newness, product interconnectivity, and product size in a project.
With regard to the effect of co-ordination, the graphs show that projects involving high co-ordination are finished
earlier than projects in which the level of co-ordination is low indicating a positive effect of coordination on project
cycle time. However, this positive effect becomes fairly less influential as the level of project uncertainty increases.
The gain in project cycle time, due to coordination, is relatively more important in situations of low project uncertainty
than in situations of reference or high project uncertainty. For example, in projects where PN is low, PI is reference,
and PS is low, the reduction in project cycle time, due to coordination, is 35%, 22%, and 17% for low, reference, and
high PU respectively.
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Figure 5: Effect of co-ordination on project cycle time for projects with Low Project Uncertainty (for all possible
combinations of the levels of PN, PI, and PS)
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Figure 6: Effect of co-ordination on project cycle time for projects with Reference Project Uncertainty (for all
possible combination of the levels of PN, PI, and PS)
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Figure 7: Effect of co-ordination on project cycle time for projects with High Project Uncertainty (for all possible
combination of the levels of PN, PI, and PS)
Product Newness: The analysis of the effect of the product newness factor on project cycle time indicate that the latter
increases as the level of product newness moves up from low to reference to high and that this is valid irrespective of
the levels of the remaining three project complexity factors PU, PI, and PS.
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The results also suggest that projects involving high level of co-ordination take less time to complete than projects
involving low levels of co-ordination and this is valid for the three levels of product newness (Graphs similar to figures
5, 6, and 7 are not shown but they are available from the author). However, this effect is relatively more important in
the situations of reference and high levels of product newness than in the situation of low product newness. For
example, a project where PU is reference, PI is reference, and PS is high, coordination improves project cycle time by
4%, 20%, and 12% in situations of low, reference, and high PN respectively.
Product Interconnectivity: The simulation results show that if product interconnectivity increases, so will the time
required to finish the project. This holds for both levels of co-ordination and for all combinations of the other project
complexity factors.
Implementing high levels of co-ordination in the project will have positive effects on project cycle time. However,
this effect becomes quite less influential as product interconnectivity moves to higher levels. For example, in a project
where PU is low, PN is reference, and PS is reference, coordination shortens project cycle time by 37%, 23%, and
22% for low, reference, and high PI respectively.
Product Size: Increasing levels of product size are associated with a similar trend in the project cycle time and this
observation is true for both levels of co-ordination and all the possible combination of the remaining project
complexity factors.
As far as the impact of coordination on project cycle time is concerned, the results show an improvement in project
cycle time as coordination changes from low to reference to high and this observation is valid for the three levels of
product size. However, the project duration gains are relatively more important in a situation of low product size than
in situations of reference or high product size. As an illustration, in a project involving high PU, high PN, and low PI,
coordination reduces project cycle time by 24%, 18%, and 16% under low, reference, and high PS respectively.

Discussions and conclusions

The current paper addresses the impact of the shift towards a more integrative approach in NPD project management.
Particularly, the focus was on the use of Cross Functional Teams as a new organisational structure in these projects.
The aim was to develop an understanding with regard to the effect of this organisational shift on project cycle time
and how this effect is influenced by the factors driving the level of project complexity in the project. As such the
current research expands previously developed SD models of NPD projects (Lin et al, 2008; Joglekar and Ford, 2005;
Ford and Sterman, 1998) who overlooked the effect of project complexity factors completely or represented them in
an extremely simple way.
The research was addressed first by determining the project complexity drivers in NPD projects. The identification of
these factors was informed by the general project management literature, which was customised to the particular class
of NPD projects as research in this area is surprisingly scarce (Lebcir, 2006). This was followed by the development
of a System Dynamics (SD) simulation model, which included many of the previously validated project management
structures (Joglekar and Ford, 2005; Black and Repenning, 2001; Ford and Sterman, 1998). The model was extensively
validated through a real world project and the model passed an extensive number of validation tests. Following
validation, the model was used to simulate a set of scenarios reflecting different levels of the project complexity factors
and the extent to which CFTs are used in projects.
The first important finding of this research is that CFTs teams have a beneficial impact in terms of reducing NPD
project cycle time and this is regardless of their level of project complexity. This finding supports much of the previous
NPD literature which found a positive association between CFTs and NPD project cycle time (Barczak et al. 2009,
Griffin 2002, 1997; Mc Donough, 2000).
The effect of “Project Uncertainty” and “Product Newness”, which indicates the depth and breadth of innovativeness
in the project respectively, on CFTs and project cycle time are quite opposite. The findings suggest that CFTs are less
beneficial as project uncertainty increases but more beneficial as product newness increases. These results confirm
some of the previous findings (Griffin, 2002. 1997; Clift and Vandenbosch, 1999) and indicate that policies to
implement CFTs in the project have to take account of the level of these two factors. It seems that CFTs are more
effective in projects where there is a need to integrate a high fraction of new parts in the product (and their related
interface problems) and less effective in projects where the knowledge gap is substantial as all members of the CFT
have to go through the same iterations of knowledge creation and testing in the project.
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The relationship between the project architecture, represented by the ”product size” and “product interconnectivity”,
CFTs and project cycle time is interesting. The results suggest that if the level of these two factors increases, the
benefits of CFTs are less important. This is an important finding as the issue of product architecture and its link to
project cycle time has been ignored in the NPD literature where most focus has been on the innovativeness side of
projects. It is clear that projects involving a more structurally complex products reduce the benefits of CFTs and this
is important finding, which should inform the decision and policies regarding the product architecture and the nature
of the CFT to be adopted in a project.
The implications of these results are important for NPD project management. The model improves evidence based
decision making especially during the formative stages of the project when strategic decisions determining the level
of “project complexity” factors are considered (Griffin, 1997) and offer project managers insights into the relationships
between their strategic decisions and the expected duration of the project as this relationship tend to be overlooked or
even ignored. This is extremely valuable during the planning stages of the project when trade-off between product
characteristics, time to market, and their associated implications for the new product market and financial performance
are considered.
This research is just an initial step into the long and arduous road towards understanding the relationship between
“project complexity”, “CFTs”, and “Project Performance”. Further research extending our knowledge about these
issues is required. The levels of the “project complexity” factors could be made dynamic and varied for the different
phases of the project. The effects of CFTs could be extended beyond the coordination activity. The effectiveness of
learning in the CFT could be explored in more details. The effect of the trade-off between the “innovation” and the
“product architecture” side of project complexity on project cycle time and other performance indicators needs to be
investigated. Such research would significantly improve our understanding of the complex interaction between the
use of integration techniques (Cross Functional Teams, Concurrent Engineering), project complexity, and project
performance. Such improved understanding will certainly lead to an improvement in the design of the policies related
to the planning and management of NPD projects.

References

Akgun, A. E., Lynn, G. S., & Yilmaz, C. (2006). Learning process in new product development teams and effect on
produc success: a socio-cognitive perception. Industrial Marketing Management, 35, 210-224.
Barczak, G., Griffin, A., & Kahn, K. B. (2009). Perspective: Trends and drivers of success in NPD practices: Results
of the 2003 PDMA best practices study. Journal of Product Innovation Management, 26, 3-23.
Bessant J., & Tidd, J. (2007). Innovation and Entrepreneurship. Chichester: Wiley, (Chapter 1).
Black, L. J., & Repenning, N. P. (2001). Why fire fighting is never enough: preserving high quality product
development. System Dynamics Review. 17, 33-62.
Clift, T. B., & Vandenbosch, M. B. (1999). Project complexity and efforts to reduce product development cycle time.
Journal of Business Research, 45, 187-198.
Durand, D. (2009). Concurrent Engineering and Inter-functional project groups. International Journal of Technology
Management, 10, 67-78.
Edmondson, A. C., & Nembhard, I. M. (2009). Product Development and learning in project teams: The challenges
are the benefits. Journal of Product Innovation Management, 26, 123-138.
Edmonson, A. C., & Smith, A. D. (2006). Too hot to handle? How to manage relationship Conflict. California
Management Review, 49, 6-31.
Fernandez, P., Del Rio, M. L., Varela, J., & Bande, B. (2010). Relationships among functional units and new product
performance: The moderating effect of technological turbulence. Technovation, 30, 310-321.
Ford, N. D., & Sterman, J. D. (1998). Dynamic modelling of product development processes. System Dynamics
Review. 14, 31-68.
Griffin, A. (1997). The effects of project and process characteristics on product development cycle time. Journal of
Marketing Research, 34, 24-35.
Griffin, A. (2002). Product development cycle time for business to business products. Industrial Marketing
Management, 31, 291-304.
Joglekar, N. R., & Ford, D. N. (2005). Product Development resource allocation with foresight. European Journal of
Operational Research, 160, 72-87.

254

Proceedings of the 2nd Global Conference on Engineering and Technology Management 2015, Chicago, IL, USA,
September 4 – 5, 2015
Kazanjian, R. K., Drazin, R., & Glynn, M. A. (2000). Creativity and technological learning: The roles of organisation
architecture and crisis in large-scale projects. Journal of Engineering and Technology Management, 17, 273298.
Kim, J., & Wilemon, D. (2003). Sources ands assessment of complexity in NPD projects. R&D Management, 33, 1530.
Lebcir, M. R. (2006). A Framework for Project Complexity in New Product Development (NPD) Projects. University
of Hertfordshire Business School Working Paper, UHBS 2006-1 Lin, J., Chai, K. H., Wong, Y. S., &
Brombacher, A. C. (2008). A dynamic model for managing overlapped iterative product development. European
Journal of Operational Research, 185, 378-392
Lyneis, J. M., Cooper, K. G., & Els, A, (2001). Strategic management of complex projects: a case study using system
dynamics. System Dynamics Review. 17, 237-260.
Lyneis, J. M., & Ford, D. N. (2007). System dynamics applied to project management: a survey, assessment, and
directions for future research. System Dynamics Review. 23, 157-189.
Maylor, H., Vidgen, R., & Carver, S. (2008). Managerial complexity in project based operations: A grounded model
and its implications for practice. Project Management Journal, 39, 515-526.
Mc Donough III, E. F. (2000). Investigation of factors contributing to the success of of cross functional teams. Journal
of Product Innovation Management, 17, 221-235.
Meredith, J. R., & Mantel, S. J. (2010). Project Management: A Managerial Approach. Chichester: Wiley, (Chapter
3).
Olson, E.M., Walker, O.C., Reukert, R.W., & Bonner, J.M. (2001). Patterns of co-operation during new product
development among marketing, operations, and R&D: Implications for project performance. Journal of Product
Innovation Management. 18, 258-271.
Pinto, J. (2002). Project Management. Research Technology Management. 45, 22-37 Repenning, N. P. (2000). A
dynamic model of resource allocation in multi-project research and development systems. System Dynamics
Review, 16, 173-212.
Rodriguez, A.G., & Bowers, J. (1996). System dynamics in project management: a comparative analysis with
traditional methods. System Dynamics Review, 12, 121-139. Sarin, S., & Mahajan, V. (2001). The effects of
reward structures on the performance of cross functional product development teams. Journal of Marketing, 65,
35-53.
Sicotte, H., & Bourgault, M. (2008). Dimensions of uncertainty and their moderating effects on new product
development project performance. R&D Management, 36, 468-479.
Song, X.M., & Xie, J. (2000). Does innovativeness moderate the relationship between cross functional integration and
product performance. Journal of International Marketing, 6, 61-89.
Song, X. M., Montoya-Weiss, M. M., & Schmidt, J.B. (1997). Antecedents and consequences of cross functional
cooperation: a comparison of R&D, manufacturing and marketing perspectives. Journal of Product Innovation
Management. 14, 35-47.
Song, X. M., & Swink, M. (2009). Marketing manufacturing integration across stages of new product development:
Effects on the success of high and low innovativeness products. IEEE Transactions on Engineering
Management. 56, 31-44.
Sterman, J. D. (2000). Business dynamics. Systems thinking and modeling for a complex world. Singapore: Mc-Graw
Hill/Irwine.
Swink, M. L. (2000). Technological innovativeness as a moderator of new product development design integration
and top management support. Journal of Product Innovation Management, 17, 208-220.
Swink, M. L., & Song, X. M. (2007). Effects of marketing-manufacturing integration on new product development
time and competitive advantage. Journal of Operations Management, 25, 203-217.
Tatikonda, M. V. (1999). An empirical study of platform and derivative product development projects. Journal of
Product Innovation Management. 16, 3-26.
Tatikonda, M. V., & Rosenthal, S. R. (2000). Technology novelty, project complexity, and product development
project execution success: A deeper look at task uncertainty in product innovation. IEEE Transactions on
Engineering Management, 47, 74-87.
Tatikonda, M.V., & Montoya-Weiss, M. M. (2001). Integrating operations and marketing perspectives of product
innovation: The influence of organizational process factors and capabilities on development performance.
Management Science, 47, 151-172.
Taylor, T., & Ford, N. D. (2006). Tipping point failure and robustness in single development projects. System
Dynamics Review. 22, 51-71.

255

Proceedings of the 2nd Global Conference on Engineering and Technology Management 2015, Chicago, IL, USA,
September 4 – 5, 2015
Tessarolo, P. (2007). Is integration enough for fast product development? An empirical investigation of the contextual
effects of product vision. Journal of Product Innovation Management, 24, 69-82.
Ulrich, T. K. (1995). The role of product architecture in the manufacturing firm. Research Policy, 24, 689-710.
Ulrich, T. K., & Eppinger, S. D. (2000). Product design and development. Singapore: Mc-Graw Hill/Irwine, (Chapter
9).
Williams, T. (1999). The need for new paradigms for complex projects. International Journal of Project Management,
17 , 269-273.

256

Proceedings of the 2nd Global Conference on Engineering and Technology Management 2015, Chicago, IL, USA,
September 4 – 5, 2015

Integration of Computer-Aided Diagnosis (CAD) Technologies to
Assist Radiologists: Using of CAD Systems in Two Cases
Sinan Onal
Department Mechanical and Industrial Engineering,
Southern Illinois University-Edwardsville,
Edwardsville, IL 62026, USA
The aim of this paper is to present the use of the computer-aided diagnosis (CAD) technology to improve medical
diagnosis process through presenting two case studies. The CAD technology can be defined as a decision support tool
providing second opinion to radiologist in the diagnostic processes of patients’ specific health conditions. Radiologist
is the primary reader and decision maker. However, CAD aims to support the decision makers with analytical tool.
The studies on CAD technology have shown that it can help to improve diagnostic accuracy by providing an objective
decision tool and reduce radiologists’ workload. In this paper, two typical examples of application of CAD in clinical
areas are introduced: the use of computerized systems in fundus image to improve diagnosis of diabetic retinopathy
and dynamic MRI for pelvic organ prolapse diagnosis. A brief review on CAD is provided in the following.
CAD for Fundus images: Diabetic retinopathy is the most common diabetic eye disease. There are more than 29
million people with diabetes mellitus (DM) as of 2012 in the U.S and approximately 40% of the patients with DM
have at least mild diabetic retinopathy [1]. Diabetic retinopathy is diagnosed through comprehensive eye exams where
blood vessels are examined on fundus images. However, assessment of blood vessels on colored fundus images is a
very time consuming and subjective process. CAD systems can assists ophthalmologist in detecting blood vessels
using color fundus images. An automated blood vessel segmentation algorithm to facilitate the evaluation of diabetic
retinopathy through assessment of blood vessel abnormalities is presented in this study. The blood vessels are extracted
using random forest based classification model combined with wavelet based features and local binary pattern (LBP)
based texture information. Discriminant analysis is modified and adopted for selection of the significant features to
train the proposed classification model. Results demonstrate that the proposed method achieves 94.84% and 95.19%
blood vessel segmentation accuracy in DRIVE and STARE image dataset respectively.
CAD for Dynamic MRI: Pelvic Organ Prolapse (POP) is a major health problem affecting up to 30-50% of women
[2]. POP is a herniation of the female pelvic floor organs into the vagina causing significant problems such as
bothersome vaginal bulge. Diagnosis of POP through dynamic MRI has become popular due to current inaccuracies
of clinical examination. During the diagnosis of POP on MRI, anatomical landmarks are identified manually to
determine lines and measurements for grading POP as shown in Figure 1. Unfortunately, the manual identification of
these points is a time-consuming and inconsistent procedure. CAD systems can assists radiologists and gynecologist
by providing objective a prediction model that uses MRI based image features to facilitate and improve the diagnosis
of female pelvic organ prolapse. Results showed that the accuracy of the prediction model and set of selected
significant features vary based on the type of prolapse being tested. The model can accurately classify cases of anterior
prolapse with very high accuracy (> 0.90), and of apical and posterior prolapse with good accuracy (0.80 - 0.90).
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Improvement in Production Systems of Different Industries Using
Lean Supply Chain Management
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Abstract
The performance of supply chain is evaluated using a lot of metrics. However, they may be aggregated as quality,
cost, customer service and lead time. In order to maintain and improve these metrics and to remain competitive in the
industry companies need to adopt different production strategies. This paper significantly focusses on how adoption
of lean thinking into supply chain has brought progress in production systems of different companies. Suppliers have
experienced improvements in many different areas such as, minimized inventory buffers, extensive communication
and exchange of ideas in between the cells, mutual commitment, and self-governing ability. In this paper, examples
from production systems of companies like Ford and China based companies were taken before and after
implementation of lean supply chain and were studied and discussed. From these discussions, we can get a clear idea
of how production system of different companies can be improved using lean supply chain in a step by step manner.
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Abstract
Diabetes Mellitus (DM) is a serious disease associated with abnormally high blood glucose levels (BGL) that affects
more than 29 million people in the United States [1]. It is caused by a failure of human body’s ability to produce
insulin which controls the amount of glucose in blood. There are two major types of diabetes. Type 1 DM results from
autoimmune destruction of the β-cells of the pancreas resulting in no release of insulin from the pancreas. Type 2 DM
is caused by resistance to insulin in the periphery tissues, which may be combined by the reduction in β-cell function.
The inability to lower high BGL leads to hyperglycemia which causes long term complications such as blindness and
kidney failure, while hypoglycemia can result from overtreatment. To avoid hypo/hyperglycemia, BGL should be kept
within a normal range (70 to 130 mg/dl). Traditionally this was accomplished with a healthful diet, exercise,
medications and insulin injections; however, it is challenging for type 1 patients who need monitoring BGL
continuously, calibrating insulin doses and injecting insulin by themselves. Recently, artificial pancreas (AP) has been
developed to ease the management of diabetes with three components: continuous glucose monitor (CGM), insulin
pump and closed loop algorithm [2]. CGM monitors BGL while insulin pump injects insulin through skin and closedloop control algorithms sustains BGL within a normal range by predictive control. However, there are limitation of
current AP, including inadequacy of algorithm for real-time control and difficulties in implementing the algorithm to
AP devices.
This study aims at developing a mobile application to implement AP control algorithms for continuous monitoring,
prediction and control on a better user interface with ubiquitous access. The mobile app collects BGL data from the
CGM and manually entered glucose intake and exercise level. The app transmits the data to a remote MATLAB/.NET
web server. The MATLAB application in the server computes appropriate level of insulin injection based on the data
received. An artificial neural network (ANN)-based algorithm can be developed in MATLAB to model complex
relationships between BGL and insulin level by its adaptive learning ability. Finally, the output from the ANN is sent
to the mobile app and then to the insulin pump in AP. These steps are repeated to realize the closed-loop control.
We implemented the system with the two components: 1) an Android app to collect CGM data and user-provided
information and to communicate with the remote server; and 2) a remote server where the ANN algorithm is running
in MATLAB with other management services on .NET in order to compute and send the output (insulin injection)
back to the Android app.
The prototype system showed its potential; however, it is not entirely closed-loop due to technical issues, including
different communication bandwidth and no direct communication between the app and the AP. Currently, we are
developing a sophisticated control algorithm based on ANN. In the future, we will test the system with another device
that supports wireless transmission between devices to close the loop.
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Abstract
Fishing ports are crucial parts of fishing, tourism and also transportation industry in Turkey. With these facilities the
demand of the sea products can be covered, sightseeing activities can be provided and transportation opportunity can
be supplied for the diverse range distances. Currently, there is over three hundreds of the fishing ports are available in
Turkey for these services and activities. For the long-term sustainable and competitive fishing facilities, these nodes
should be grouped based on their main core competencies. There are different parameters that affect the ports’
categories such as specialties of the fishing ports, availability of tourism activities, nearby population, and volume of
economic activities in ports’ hinterlands, proximities to main transportation alternatives. After expressing the main
parameters of the decision, it can be seen that the problem structure has a multi-criteria structure. In this study, we
proposed an evaluation method based on fuzzy multi criteria decision making and spatial approaches. For the solution,
firstly geographic data is processed by geographic information systems GIS methods which include data collection,
manipulation and creation for each decision criterion. Subsequently, a spatial database is created that contains the
decision criteria maps and their attributes for the analyses. Then constraint maps that are earthquake zones are created
the elimination of the unsuitable areas from study area. After data preparations, evaluations are completed with fuzzy
spatial multicriteria analysis with different scenario analyses that represent the possible outcomes. For the evaluations
GIS analytic capabilities and fuzzy analytic hierarchy process (f-AHP) are integrated to create a suitability map (for
the calculation structures; see:[1]–[6]). The suitability map expressed the convenient levels and the clusters of the
ports based on the considering factors. The findings are discussed in the paper to ensure a better competitive business
environment for the industries.
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Abstract
About 30 million people in the United States have diabetes. Over 90% of them have type 2 diabetes [1]. Type 2
diabetes is caused by defects in insulin secretion by pancreatic beta-cells and insulin action in the peripheral tissues
such as liver, muscle, and adipose tissues. One of the primary risk factors contributing to type 2 diabetes is obesity.
However, it is not well understood how obesity leads to type 2 diabetes. We hypothesized that obesity alters various
metabolic rate constants (Figure 1) that maintain glucose homeostasis. When alterations in the metabolic rate
constants reach certain levels (threshold), onset of type 2 diabetes would ensue and progress as obesity increases. If
this hypothesis were correct, a time period when onset of type 2 diabetes occurs could be identified by studying
alterations of the metabolic rate constants over time. Furthermore, such knowledge can be used as a diagnostic tool
to assess how advanced a patient is in the progression of type 2 diabetes. Accordingly, appropriate and effective
treatment strategies can be designed.
The objective of this study is to monitor alterations in key metabolic rate constants as obesity increases and determine
the time period when the threshold occurs. We elected to monitor the rate constants in the differential equations by
Lombart et al. [2], which describes a simple model of glucose homeostasis involving several organs as shown in Figure
1. We used B6D2F1 mice as our experimental model, which was previously reported to develop diabetic symptoms
after 3 to 4 months of high fat diet (HFD) feeding.

Figure 1. Various parameters affecting glucose homeostasis

Key metabolic rate constants (parameters) have been monitored every 2 weeks over a period of 7 months in B6D2F1
mice fed a HFD. Body weight increased from 23.65±0.45g to 49.91±1.65g. Fasting blood glucose and basal insulin
levels were determined and intra-peritoneal glucose tolerance test (IPGTT) was performed. Using the collected data
as a reference, simulation and optimization using Arena ™ and OptQuest™ software have been performed to find the
best possible values for each parameter (Table 1).
Table 1 shows significant increases for both fasting blood glucose and basal insulin levels around week 16 for 36%
and 444%, respectively. Elevated levels of insulin secretion (hyperinsulinemia) and its inability to decrease blood
glucose levels (insulin resistance) along with alteration in liver function of uptaking and releasing glucose are the
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symptoms of Type 2 diabetes. Ipi and K1 are also elevated around week 16 (Table 1). Parameters Ipi is the insulin
concentration value in the blood that signal liver to switch function from releasing glucose to uptake it or vice versa,
while K1 is the rate constant of insulin secretion by pancreatic beta-cells. Elevated basal insulin levels around week
16 are caused in part by increased insulin secretion (K1) and reduced insulin clearance (K6). Taken together, these
findings suggest that the threshold occurs around week 16. An unexpected finding is that mice improved without any
therapeutic intervention, suggesting that there might be innate compensatory mechanisms that oppose initial diabetic
symptoms.
Table 24. Alterations of metabolic rate constants and other parameters during 7 months
Body Weight (gr)
Fasting BG (mgdl-1)
Basal Insulin (pmoll-1)
Maximum BG (mgdl-1)
Ipi (pmol l-1)
K0 (dl-1 min-1)
K1 (pmol dl min-1 mg-1 l-1)
K2 (mg l dl-1 min-1 pmol-1)
K3 (mg min-1 dl-1)
K4 (mg l dl-1 min-1 pmol-1)
K6 (min-1)
Ka (min-1)

Week 0
23.96
149.71
218.33
276.43
627.21
0.21
0.47
0.04
6.20
0.03
0.67
0.09

Week ~16
47.20
203.00
1186.75
380.86
1454.57
0.22
0.76
0.05
6.29
0.04
0.41
0.08

week 28
53.56
148.29
1042.26
321.43
1177.35
0.26
0.46
0.05
3.79
0.01
0.46
0.15

P-value
< 0.0005 ***
< 0.0005 ***
< 0.0001 ****
0.0238 *
0.0225 *
0.8635
0.1429
0.6897
0.9677
0.5776
0.0355 *
0.8237
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Coding of injury data is important for assessing and improving public health. The International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) is a widely used coding scheme and the official system
of assigning codes to diagnoses and procedures associated with hospital utilization in the United States. Health surveys
such as National Health Injury Survey (NHIS) are conducted annually to analyze public health, and each case in the
survey is assigned one or more ICD9-CM diagnostic codes by expert human coders after reading the textual narrative,
nature of injury and body region injured. This process is very time consuming, resource intensive, and costly. Hence,
automatic assignment of ICD9-CM codes using machine learning methods based on the textual narrative would be
desirable. Previous studies have successfully used machine learning methods such as Naïve Bayes and Fuzzy Bayes
to assign external-cause-of-injury (Ecodes) codes based on the accident narratives.
The primary challenge in assigning ICD-9 CM codes automatically is the large number of ICD9-CM codes (more than
100 3-digit codes), which creates a very difficult classification problem for any machine learning method. In order to
overcome this, we have used a novel approach for predicting the possible ICD-9-CM diagnostic codes using Naïve
Bayes and the Barell Matrix. The Barell Matrix provides a comprehensive two-dimensional framework for classifying
nonfatal injury ICD-9-CM codes by body region (BR) and nature of injury (NOI). Our approach is to breakdown the
difficult classification problem into 2 simpler problems. We first predict the BR and NOI separately from the accident
narrative using a machine learning model, and then use the Barell Matrix to predict the ICD-9-CM code. Since the
number of BR codes (36) and NOI codes (12) are considerably less as compared to the ICD-9-CM codes, the prediction
performance is expected to be better.
Our initial evaluation of this approach showed promise for a small dataset prepared from NHIS. In this study, we have
used a larger dataset so that there are enough training examples for different categories, and the prediction performance
for each category can be studied individually. We have also used an improved method of combining the predicted BR
and NOI using the Barell Matrix by considering the next best predicted values of BR and NOI when a combination of
them does not yield any valid ICD-9-CM code. We used the Textminer software to build Naïve Bayes models to
predict NOI and BR based on accident narratives in the NHIS dataset, and then used the Barell matrix to predict the
ICD-9-CM codes.
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The online survey has been widely conducted to gather information from a targeted group of respondents. In contrast
to closed-ended survey questions where respondents are limited by the given response pattern, open-ended
counterparts are good for an exploratory purpose and often contain valuable information for business decisions. The
conventional analysis of open-ended survey responses often involve a great amount of manual reading and coding.
With an aim to improve the efficiency of analyzing textual information, many (semi-)automated text mining methods
have been developed on the basis of the “bag-of-words” or vector space model (VSM), where a document is typically
represented as a vector of words. While the VSM creates the possibility for statistical semantics, this model
consequentially leads to the high-dimensionality of text and thus, the need of dimension reduction. Various feature
selection methods have been proposed for this purpose. One commonly used method is to use document frequency
thresholding (DFT), where low-frequency words get removed if their occurrence frequency is less than a predetermined threshold (cut-off). Despite its popularity, the DFT is considered to be an aggressive feature selection
method according to Zipf’s law: removing the words that occur only once (cut-off = 1) would mean dropping half of
the vocabulary.
While the majority of research in relevant fields of text mining has been focused on the technical breakthrough for
better accuracy or speed, little research has been done to examine the significance of low-frequency words in text
classification tasks from a linguistics semantics perspective. In this study, the data sets we used are the 2013-2014
student responses to one of the open-ended question in the Student Experience in the Research University (SERU)
survey, where students are asked to list the single most important thing that the university can realistically do to
improve their educational experience. Our results suggest that dropping low-frequency words tends to have more
negative effect for small-sized categories than for large-sized categories in terms of the average (-1.6% vs. -0.8%) and
the worst case (-10.3% vs. -2.4%) of positive predictive value (PPV). 44% (12/27) of small-sized categories have at
least 3% performance drop in PPV, compared to 18% (3/17) and 20% (1/5) for medium and large-sized categories.
Low-frequency words can be typos, run-on words, or just rare morphological variants of some other words. Our results
show that the effect of dropping low-frequency words is partially addressed by word transformation methods such as
stemming or lemmatization, but eliminating this effect would require a deeper analysis of the semantic meaning of
low-frequency words.
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Abstract
With the development and large scale uses of relational database technology organizations have been making business
decisions based on transactional data stored in relational databases. However, with increasing availability of more
non-traditional, less structured and unstructured data from sources like weblogs, social media, email, sensors,
photographs, etc., more and more business enterprises are looking to include non-traditional and unstructured yet
potentially valuable data along with their structured enterprise data in their business intelligence analyses platform.
All these data together is commonly termed as big data and it is the current buzz word in the ICT industry. The term
big data is a moving target. There is joke in the ICT community that big data is data that crashes Excel. What are
considered big today may not be big years later.
To derive real business value from big data, one need the right tools to capture and organize a wide variety of data
types from different sources, and to be able to easily analyze it within the context of all existing enterprise data.
The main goals of the research paper are to explore:
 If all organizations should try to collect and analyze big data. Why it is important for companies to maintain
and analyze big data? What business benefits are there by maintaining and analyzing big data or in other
words, if decision making can be improved by using big data?
 What people, organization, and technology issues should be addressed before a company decides to work
with big data?
 What Business Intelligence (BI) technologies are appropriate in big data analyses?
Finally, we also intend to explore the ways and means to integrate all data (both structured and unstructured) and to
recommend a unified framework for data analyses using appropriate BI technologies, for examples ANN (Artificial
Neural Network), AI (Artificial Intelligence), Expert Systems, etc., for decision making. Despite the fact that artificial
intelligence is an oxymoron there are strong evidences that an AI program can outperform humans when it comes to
number crunching.
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Abstract
One of the main motivations of this paper comes from President Obama’s speech; “The stock market is sort of like a
tracking poll in politics,” President Obama said and elaborated, “It bobs up and down day to day. If you spend all your
time worrying about that, then you’re probably going to get the long-term strategy wrong.” Mr. Obama was trying to
convince public that he wasn't overly fixated on "the day-to-day gyrations of the stock market" on March 3rd 20092
In this study, the risk-return relationship of the simple asset-pricing model is examined using a four-way partition of
daily returns. Employed methodology investigates daily variation of stock prices to see whether and how investors
react on daily changes in the direction of the stock prices and the direction of the overall market with underlying
assumption that “Short term movements in asset and market returns forms the base for investor’s asset valuation
decisions”
The conventional asset pricing model (APM) has one α and one β for the simple underlying valuation function where
the four-state asset pricing model (4-state APM) has four α and four β corresponding to four cases of movements of
the asset return and the market return. Proposed asset pricing model is tested against the conventional APM on
approximately 40,000 companies in 66 countries for the 11-year period from 1998 through 2008.
We find that investors indeed pay significant attention to daily price changes. Investor biases and investor sentiments
extensively showed in the literature however our finding is new to the literature, by not only providing empirical
evidence of anchoring and reference point globally in the stock markets and also using daily stock prices to show
investors cognitive biases in relatively shorter time span. Finally on average our results appear to be highly robust
across countries. Thus it is shown that 4-State model employed here has greater explanatory power than the
conventional APM.
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Dynamic Capabilities of Business Incubators for Technology StartUps: The Case of ITU ARI Teknokent in Turkey
Deniz Tunçalp
Management Engineering Department,
Faculty of Management,
Istanbul Technical University, 3434, TURKEY
Abstract
Dynamic capabilities are a “firm's ability to integrate, build, and reconfigure internal and external competences to
address rapidly changing environments” (Teece, Pisano, & Shuen, 1997: 516). Dynamic capabilities model has
emerged as an influential conceptual framework in management (Eisenhardt & Martin, 2000; Helfat & Peteraf 2003;
Teece, 2007) and helps us understand how an organization achieve and sustain superior results. In this paper, we
specifically focus how dynamic capabilities of a particular category of organizations, namely business incubators,
enable establishing and maintaining relationships with other firms and stakeholders, in rapidly changing new
technology environments.
During the start-up period, death rates of the organizations are the highest and few of start-ups could survive in the
longer term. In order to enable their survival, incubators provide financial and non-financial resources and business
support services during this period. Using support services, start-ups reach tangible and intangible resources,
mobilizing internal and external networks in and around their incubators for to their survival. Internal networks
correspond to the relationships among incubator tenants while external networks correspond to its relationships with
other institutions outside the incubator, such as universities, investors and external experts.
In this paper, we develop a case study of the business incubation mechanisms at Istanbul Technical University (ITU)’s
science park, namely ITU ARI Teknokent, which is one of the most successful science parks in Turkey. ITU has built
a variety of entrepreneurships platforms and a major science and technology park called “ITU ARI Teknokent” with
facilities encompassing an area of more than 100.000 m2, to commercialize technology-based knowledge and to
facilitate the entrepreneurship ecosystem in Turkey. ITU SEED is the incubation mechanism of ITU ARI Teknokent,
to generate more and healthy start-ups. It involves an integrated ‘Pre-Incubation’, ‘Acceleration’, ‘Competition’ and
‘Incubation’ stages, offering a variety of tangible and intangible resources to its tenants during their 2 years of
habitation. These resources help tenants establish new business connections and join existing business networks for
their longer-term survival and achievement of higher performance. Startups in diverse fields, including biogenetics,
nanotechnology, chemistry, defense, agriculture and robotics, have supported from a pool of more than 2.500 project
applicants cumulatively and 74 of them entered the commercialization process after intensive mentoring, coaching
and assessment. The dynamic capabilities of ITU SEED helped tenant firms to establish new business connections,
generate and participate internal and external networks, leading these start-ups to acquire top-notch customers and
partners.
Our case study is both to serve as a benchmark example and to help us gain a more in-depth understanding on the
network implications of incubator services. It is prepared as a polar case study (Mills, Durepos & Wiebe, 2010), which
gives us fruitful opportunities for theory building. We also aim to contribute to the dynamic capabilities literature, by
looking at how business incubators / technology parks help tenants reach tangible and intangible resources with their
internal processes and capabilities. We also discuss implications of our results for other business incubators and for
public policy makers.
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Abstract
A model investigating the role of supportive human resource practices including participation in decision making,
growth opportunities and fairness of rewards on employees’ affective commitment was developed and tested via
structural equation modeling. The data was collected through attitude surveys from a sample of 300 employees
working in the financial sector branch of a holding company operating in Turkey. Results suggest that perceptions of
supportive human resource practices (participation in decision making, growth opportunities and fairness of rewards)
contribute to the development of affective commitment of employees. Further, the results indicate that employees’
perception regarding the fairness of rewards fully mediates the effects of participation in decision making and growth
opportunities on employees’ affective commitment.
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Abstract
Meeting motivational needs of employees is substantial way to achieve organizational goals. Organization may direct
satisfied and motivated employees toward goals more easily. Satisfied and motivated employees internalize goals and
issues related to organization intensively. They attempt to contribute organizational goals and solve organizational
problems. Being supported by employees is magnificent benefit to sustain competitive advantage, response changes
faster than competitors and position organization in a different place than others. This awareness triggers organizations
to prepare new motivational programs and practices. Employee involvement and rewarding can be counted as a way
of meeting job satisfaction and motivational needs. Employee involvement gives opportunity to influence decisions
and actions regarding their jobs. It is a tool to motivate employees to contribute to organizational goals, continuous
improvement. On the other hand, rewarding has a potential to prompt employees in line with organizational goals.
This study aims to reveal relationship between employee involvement and job satisfaction based on the mediation
effect of rewarding. To realize this aim, data is collected from employees in the finance sector. Sample of the study
includes 400 employees. Results of the analysis confirmed that rewarding mediates the relationship between employee
involvement and job satisfaction. Organizations that give priority to employee needs and motivational processes,
should take into consideration both employee involvement and rewarding together.
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Abstract
Facebook is currently the most visited social network site on the internet. This study aims to explain the motivation
behind using Facebook and analyze the habits of Facebook users. A sample of 128 Facebook users participated in a
survey about their Facebook experiences. The participants were asked to share information such as the main reasons
for them to use Facebook, the information they share on Facebook profile pages and the information they seek in their
friends’ profiles as well as how much time they spend browsing Facebook. The participants were initially divided into
2 groups based on their gender and employment status, male-female and student-employed. The analysis of collected
data shows that there is a statistically significant difference between males and females regarding the time they spend
on Facebook, the number of friends they have and the things they prefer to share on their profiles. There are also
differences between students and employed individuals regarding their Facebook habits. The results of this study are
then interpreted considering social and demographic status of the participants and tries to explain the reasons of these
differences.
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Abstract
Energy consumption caused by the high market penetration of electric vehicles could add considerable burden to
existing infrastructure systems. The electrification of vehicle transportation is a promising CO2 and cost reduction
solution that is critical to the strategy for sustainability of the transportation sector. Significant market penetration of
full electric vehicles will have a profound impact on the power generation, distribution, and environmental
systems. While research of plug-in hybrid electric vehicles has garnered attention as a research area, what is missing
is the impact of the penetration of total electric vehicles on existing infrastructure. Current full electric vehicles have
power requirements over four times that of its hybrid predecessor. This gap can only be expected to increase as the
technology matures. In this research, the impact of full electric vehicles on the power generation and distribution
systems will be examined with varying assumptions. We will also compare the generation of CO2 gas from the current
configuration of electrical generation as it grows to meet this new demand. This study will use a Monte Carlo
simulation tool to explore the impact of various levels of full electric vehicle penetration of the auto market on the
existing infrastructure. Results of this study will bring a new perspective on full electric vehicles and provide the
power industry with a better understanding of key issues surrounding the future penetration of this disruptive
innovation. It will enable better decision-making by those responsible for the management of the infrastructure support
systems.
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Abstract
Pre-earthquake emergency rescue facilities locating are of the very important to reduce casualties. First of all, this
study introduces intensity-- the measure of earthquake destructive degree-- in the model, secondly, according to the
intensity zoning, put the demand of different intensity zone as a random variable, formulate maximal covering location
model and stochastic programming model with capacity limitation, and thirdly, through designing immune
optimization algorithm for two examples of the model, at last ,by comparing the results of the two kinds of algorithms,
draw the conclusion: stochastic programming model for coverage value gives a more accurate measure. The
applicability of this conclusion provides a decision-making basis for the pre-earthquake emergency relief resources
locating.

Keywords

Seismic intensity; Stochastic programming model ; Immune optimization algorithm

Introduction

China locates in the Mediterranean - Himalayan seismic belt and ring the Pacific seismic zone, where belongs to the
most earthquake-prone countries. In 1972, the Tangshan earthquake killed more than 242,000 people, injured more
than 164,000 people, in 1999, Taiwan "9.21" earthquake killed 2,321 people, injured more than 8,000 people and in
2008, the "5.12" Wenchuan earthquake, killing 69,197 people, 18,341 people missing, injured 374643 people. On
April 14, 2010, 7.1 magnitude earthquake killed 2,698 people in Yushu, Qinghai province and on August 3, 2014,
Yunnan Ludian earthquake killed 617 people, and 112 people were missing. Thus, it is of great significance to build
earthquake emergency rescue facilities to take effective relief measures within a short time after the earthquake to
reduce the number of casualties.
For the earthquake emergency supplies reservation facilities location problem, many domestic and foreign scholars
have carried on the thorough research and made many breakthrough progress. In the recent time, the location of
emergency rescue facilities research mainly concentrated in the two aspects: the deterministic model and the
uncertainty model.
In the deterministic model, introducing the cover function, put forward the concept of "partial coverage", changing
the model of binary coverage model, and on the basis of the maximal covering location model, the study established
a new model(Orhan Karasakal & Esra K. Karasakal,2004). Introducing the concept of maximum critical distance and
the minimum critical distance, on the basis of ladder type cover quality level, multiple quantity and quality of coverage
model is established(Chunjing Ge et al.,2011).
In the uncertainty model ,research mainly concentrated in stochastic programming. Considered the different incidence
of the situation and the situation of demand, and by establishing the maximal covering location model to solve the
emergency rescue hub location, number and capacity of the warehouse, and the accuracy of the model was verified
by an example(B. Balcik & B. M. Bwamon,2008), on the basis of the p - center model, the two-stage stochastic
programming model is put forward, considering the uncertainty of model parameters in the shipping time, compare to
the results of the deterministic model by an example, shows that the conclusion on the stochastic programming is
safer.
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1. Seismic intensity and related concepts
1.1 Seismic intensity
Earthquake intensity is to point to an area, the ground and building construction and other engineering structures
subjected to the impact of an earthquake intensity ( China's seismic intensity table) . Because of the uncertainty of the
earthquake is large, putting forward the concept of seismic intensity make the earthquake disaster result has a good
predictability, make disaster results to some extent, a deterministic index. Therefore, considering the earthquake
intensity in the process of emergency demand point location does matters.
1.2 Seismic Intensity zoning
Seismic intensity zoning is according to the requirements of the national seismic fortification and the current level of
science and technology, dividing the zone based on the dangerous degree of long period time of some region may
suffer from earthquakes, and then show regional differences of potential seismic risk in the form of maps (Taoxin
Xia,1990) . Through the intensity zoning map, we can quickly determine to which intensity area the demand points
and facilities belongs, estimated the severity of the possible consequences of the earthquake in the area, and determine
what rescue measures should take, as well as the regional demand for relief supplies. These decisions are very
important to reduce the destructive earthquake.
The current studies' results does not take the damage degree of the earthquake may cause into account in the regions,
this may lead to location target is not accurate. Although the earthquake preparation process is very complicated, and
may not observe directly, and the current process of earthquake preparation and the earthquake rupture initiation
process is lack of understanding, this leads that the earthquake forecast is difficult to make a breakthrough in a short
time, but the seismic intensity zoning is the only index to make the earthquake's uncertainty factors be certainty factors,
and can provide support to predict the current situation for post-earthquake regional disaster situation, and provide a
reference for the allocation of resources. Therefore, in this study, to combine seismic intensity and emergency location
problem, and locate the emergency rescue facilities points close to earthquakes and earthquake damage heavily areas,
ensure the delivery of the earthquake relief supplies timely.

2. Model Formulation

In this part , we propose two kinds of model based on the maximal covering location model. First of all, we put
forward the deterministic model, that is, the demand of rescue points in different intensity only according to the
certainty factors such as population, economic and social development situation, second, the stochastic programming
model is put forward, namely, at different intensity, the demand not only determined by the population of the region,
the economic development of the areas, and we should also consider the random variable of relief supplies according
to the randomness of damage caused by the earthquake in the different intensity zone.
2.1 Deterministic maximal covering location model
2.1.1 Parameter definition
I：set of demand points，I={i = 1,2, … m};
J：set of facility points，J={j = 1,2, … n};

Int ：set of weight of intensity areas，Int ={t = 6,7, … ,12}，means calculating intensity areas since 6 degrees, to the
end of the 12 degrees ;
ρi ：the weight of demand point i；
Qi : relief supplies of demand point i；
Bj :the capacity of facility point j;
1, demand point i is covered by facilities point j；
xij =
0，or else；
1，facility point j is selected；
yj =
0，or else。
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2.1.2 Coverage radius and demand definition
We adopt the binary 0-1 the decision variable to define the coverage radius, that is, coverage radius rl , namely, if rij ≤
rl ,it means demand point i being complete coverage by facility j, if rij > rl , then it means the demand points i being
not covered by facilities point j.
The demand in this research describes a full demand of everyone who suffers from the earthquake, then the demand
for the relief supplies Q=1 means each person's full request relief resource in the disaster, including medical, food,
health supplies, etc.
2.1.3 Model hypothesis
Based on the established model, this study put forward the following hypothesis:
1) Each demand point could be covered by different facilities,
2) Within the capacity limits, each facility point can serve different demand points;
3) After the earthquake, each facility point can also provide 100% service level.
2.1.4 Model formulation
n
12
MaxQ=∑m
i=1 ∑j=1 ∑t=6 ρi xij yj Int Q i
s.t.

xij ≤ yj
Qi xij ≤ Bj

（2.1）

（2.2）

∑nj=1 yj =p
∀i ∈ I，∀j ∈ J
∀i ∈ I，∀j ∈ J

xij ∈ {0,1}, yj ∈ {0,1}

（2.3）
（2.4）
（2.5）

Calculation formula (2.1) is the objective function, means maximizing the covered demand, formula (2.2) means the
number of facilities can be selected, formula (2.3) means only when facilities j provide service to the demand points
i, demand point i was covered, formula (2.4) means demand for facilities must be smaller than the capacity of facility
points, formula (2.5) means the scope of binary decision variables xij and yj .
2.2 Stochastic maximal covering location problem
2.2.1 Parameter definition
ps ：the probability of scenario s, sϵSω = {ω = 1,2, … , h}，Sω is a finite set, the rest of the parameters are same
with 2.1.1.
2.2.2 Model formulation
n
12
h
s
MaxQ=∑m
i=1 ∑j=1 ∑t=6 ∑s=1 ρi xij yj Int Q i
s.t.

∑nj=1 yj =p

（2.7）

xij ≤ yj ， ∀i ∈ I，∀j ∈ J
Qi xij ≤ Bj , ∀i ∈ I，∀j ∈ J，∀s ∈ S
s

xij ∈ {0,1}, yj ∈ {0,1} ，sϵSω

（2.6）

（2.8）
（2.9）
（2.10）

Calculation formula (2.6) is the objective function, means maximizing the covered demand in the scenario s, formula
(2.7) means the number of facilities can be selected, formula (2.8) means only when facilities j provide service to the
demand points i, demand point i was covered, formula (2.9) means demand for facilities must be smaller than the
capacity of facility points in the scenario s, formula (2.10) means the scope of binary decision variables xij and yj and
set s.
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3. Numerical analysis
3.1 Numerical example
There are nine communities in a given area (demand points: A,B,C,D,E,F,G), local government plans to choose five
emergency facilities in seven candidate facilities points (1, 2,..., 7).Suppose that needs of each community has focused
on community centre, seven candidates facilities to nine community center distance: Dij , community population (one
thousand people), intensity area of demand point and facilities capacity(one thousand people demand) are shown in
the table 3.1.1.
Table 3.1.1 parameters of candidate facilities points and demand points
candidate
facilities

A

B

C

D

E

F

G

H

I

capacity

1

5

4

10

17

15

13

11

7

14

100

2

11

5

6

12

14

6

14

13

10

100

3

4

5

8

14

11

15

15

4

17

100

4

10

13

19

17

13

16

7

15

16

100

5

18

16

10

6

4

18

6

15

6

100

6

6

8

17

4

7

14

12

12

11

100

7

14

19

6

8

12

8

17

13

14

100

population

75

93

47

38

26

34

9

16

22

--

intensity
area

6

6

7

7

8

9

10

9

8

--

3.2 Parameter definition
This part mainly defines the function parameters, namely, weight of demand points（ρi ）, weight of intensity area（
Int ）, coverage radius（rl ） and scenario probability（ps ）.The parameter contain two types: related to the demand
points and related to the intensity zoning. It considers the following two points : first of all, the nature of the demand
points and the nature of post-earthquake intensity area, second, the parameters related to the demand points has better
predictability and accuracy compared with parameters related to the intensity zoning.
3.2.1 Weight of demand points（𝛒𝐢 ）
Since area of each demand points located has different natural environment such as, population, economic
development level, uncertainty conditions, the importance of each demand point cannot be same. This study will use
analytic hierarchy process (AHP) to calculate the weight of demand points from aspect of the combination of
qualitative and quantitative. As shown in figure 3.2.1.
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A .Weight of demand

B1. ρ1

B2.ρ2

B3.ρ3

B4.ρ4

B5.ρ5

B6.ρ6

B7.ρ7

B8.ρ8

B9.ρ9

ρ3

ρ4

ρ5

ρ6

ρ7

ρ8

ρ9

Figure 3.2.1. AHP model of demand points' weight
For A-B level, considering population, economic development level, natural environmental conditions and other
factors of demand point area, reaching judgment matrix: shown in table 3.2.2.
Table 3.2.2 judgment matrix of A-B level
A

B1

B2

B3

B4

B5

B6

B7

B8

B9

B1

1

1/3

3

5

5

5

7

7

7

B2

3

1

5

7

7

7

9

9

9

B3

1/3

1/5

1

1

3

1

5

3

3

B4

1/5

1/7

1

1

1

1

3

3

1

B5

1/5

1/7

1/3

1

1

1

3

1

1

B6

1/5

1/7

1

1

1

1

3

3

1

B7

1/7

1/9

1/5

1/3

1/3

1/3

1

1

1

B8

1/7

1/9

1/3

1/3

1

1/3

1

1

1

B9

1/7

1/9

1/3

1

1

1

1

1

1

Through the calculating, we conclude: ω1 =0.239；ω2 =0.393；ω3 =0.093；ω4 =0.063；ω5 =0.049；ω6 =0.063；
ω7 =0.027；ω8 =0.032；ω9 =0.041。
Thus, minωi =ω7 =0.027，we allow ρ7 = 1, we calculate other parameters by ρi /ρ7 , keep three decimal places.
Namely, ρ1 =8.940 ；ρ2 =14.692 ；ρ3 =3.489 ；ρ4 =2.350 ；ρ5 =1.841 ；ρ6 =2.350 ；ρ7 =1.000 ；
ρ8 =1.196 ；ρ9 =1.526。
3.2.2 Weight of intensity area（𝐈𝐧𝐭 ）
Because it has already been considering population, economic development level, natural environment conditions of
uncertainty of demand points, this section is only considered the intensity area weight as the single index.
By the Chinese seismic intensity scale(), we can learn that in different intensity areas, average seismic damage index
is different, and the average of seismic damage index formula is:
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D=∑5k=1 dk λk

（3.1）

dk —index of building damage grade for seismic damage being k,
λk —the ratio of building that damage grade being k, means with a total number of destroyed buildings/total buildings
or destroyed area/total area.
As we can learn from the formula (3.1), the average seismic damage index of a region is the weighted value of different
parts of the seismic damage index and the number of buildings destroyed. Therefore, take the average of the average
intensity of earthquake, not only the can reflect the region earthquake damage index, but also can response the meaning
of the seismic damage index. Therefore, take the average of the average intensity of earthquake as the intensity of
weight coefficient. That is, take intensity area building as category C grade, take both ends value as the arithmetic
average value, and make the minimum value of the arithmetic average value of being 1, the remaining intensity area
weight is the ratio to the minimum value, then we get intensity weight coefficient Int . Namely,In6 =1.000；In7 =3.625
；In8 =7.500；In9 =12.250；In10 =17.250；In11 =22.250；In12 =25.000。
3.2.3 coverage radius（𝐫𝐥 ）
This research adopts the 0 and 1 binary coverage, the coverage radius is 7 km, that is, if rij ≤ 7km, demand point i
was covered completely by j facility point, if rij > 7km, the demand points i does not covered by facility point j.
3.2.4 scenario probability（𝐩𝐬 ）
Listing four possible changes in demand for this study, we consider same variations in different intensity area. As
shown in table 3.2.3.
Table 3.2.3 Scenario probability of demand in intensity area
Changes in demand of intensity area
Scenarios

Normal

Addition of 20%

Addition of 40%

Addition of 60%

Probabilities

0.2

0.3

0.3

0.2

3.3 Calculation and analysis
We solve the problem using immune optimization algorithm designing on Matlab 2012(b) on a computer with 2.20
GHz Intel Core i7 CPU and 8GB of RAM. We do not report the runtime, because all compute times are less than
several minutes. The results are presented in Table 3.3.1.
Table 3.4.1 The calculation results
Scenarios

Facility points

1

1、2、3、5、6

6589.536

2

1、2、3、5、6

6847.811

3

1、2、3、5、6

7105.513

4

1、2、3、5、6

7342.770

Stochastic solution

1、2、3、5、6

6973.458
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Results show that the demand points should be established on the candidate points 1, 2, 3, 5, 6. It can be seen from
the results that deterministic model and stochastic programming model for the calculation results show a high degree
of consistency, meaning that candidate 1, 2, 3, 5, 6, covers the area of the largest value. But the value of the objective
function of stochastic programming between the certainty model of the four scenarios, between the maximum and the
minimum, it means that stochastic programming model considering various disaster scenarios, a more accurate
measure to cover the maximum value of the model.

4. Conclusion

This paper studies the introduction of intensity concept and stochastic of the emergency rescue facilities optimal
location problem. We measure the earthquake's damage degree -- intensity in the objective function, and join the
uncertainty of demand, and then through the comparison of determination model and the stochastic programming
model, we conclude that the stochastic programming model for the area coverage of the measure of value gives a more
accurate and reasonable. Immune optimization algorithm is proposed in this paper for calculation and analysis of
numerical examples, and show the effectiveness of the algorithm by the calculation examples.
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Model-Based System Engineering Assessment of Distributed Denial
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Abstract
Responding to Distributed Denial of Service (DDOS) attacks is strategically difficult. Although there are many
tactical solutions for mitigating DDOS attacks, recent increases in hacking and malware have amplified the swath and
sophistication of the techniques, warranting investment in a strategic approach. Model-Based System Engineering
(MBSE) methodologies can augment strategic decisions for managing complex problems, such as DDOS attacks. The
attacks exploit hacking and malware to create large networks of infected computers, which then focus their resources
in attempts to overwhelm the processing capability of a target, resulting in significantly crippled operations. This
study discusses an MBSE treatment of DDOS for analysis of strategies in adversarial conditions. The methodology
[1] encourages beginning with a low fidelity model and developing complete iterations of the system in increasing
levels of detail. The study frames DDOS as a complex system [2], [3] and presents representations that enable a topdown view of the problem for examining factors such as actor motivation and resource management. The
methodology uses systems engineering tools to develop modules including a domain model, a use-case for an
attacker/defender scenario, and a functional model of the system. The domain model will conceptualize the system
and the associated environment. The use-cases will define an attack-defend scenario and bound the problem space.
The functional model will decompose the use cases into more detailed portions that highlight activity flows and intraprocess state transitions. The models produced by this study provide artifacts for approaching strategic investment
decisions for cyber defense against DDOS attacks.
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Developing a Performance Evaluation System Based on Key
Performance Indicators for Discrete Manufacturing Workshop
Xiaobing Liu, Shangyuan Yu, Zhancheng Li, Lu Jiang
Faculty of Management and Economics
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Dalian 116024, P.R.China
Abstract
Nowadays, the diverse demands and fierce market competition make the workshop management process more and
more complex. The purpose of this research is to develop a performance evaluation system for discrete manufacturing
workshop effectively. Using critical success factor analysis, a framework of performance indicator system for discrete
manufacturing workshop is constructed. In order to identify critical success factors, enterprise-level performance
indicators which include cost, quality and delivery time are broken down vertically into workshop operational level
by value tree analysis. Applying the fishbone diagram, the critical success factors generated by the vertical
disintegration of enterprise-level performance indicators are decomposed horizontally on the basis of the functional
modules of production management. A performance evaluation system with two dimensions, that is, performance
indicators at the enterprises level and operation management, is established. IDEF0 method is used to build the
functional model of performance evaluation system for discrete manufacturing plant. Based on modeling rules, the
top model of performance evaluation system for discrete manufacturing workshop is established. The top model's four
elements, including input, control, mechanism and output, are further segmented in order to get the basic model of
performance evaluation system. This research provides a valid basis for performance evaluation for discrete
manufacturing workshop as well as realizes the informatization of evaluation system.

Keywords

Discrete manufacturing, workshop performance evaluation, key performance indicators

1. Introduction

Workshops play an important role in the development of manufacturing enterprise, and the business managers have
gradually taken workshop management seriously along with the role of workshop transforming from cost center to
profit center. The primary problem of gaining and enhancing competitive advantage is how to improve the productivity
of manufacturing workshop. (Bondt, 1999). The diversity of the market demand and the characteristics of discrete
manufacturing industry make the workshop management process complex (YUE et al., 2012). The data in production
field is miscellaneous and diversiform, but workshop managers can’t detect the weak line in the production process
and only rely on experience to make decisions. Processing large amounts of data should exclude the interference of
non-critical data, which needs to identify the critical success factors and key performance indicators (Rockart, 1979).
Performance evaluation provides methods and mechanisms for the improvement of production process. Effective
performance evaluation promotes the efficiency of production management. Manufacturing performance
measurement plays an active role in continuous improvement and business process reengineer (Fullerton & McWatters,
2002; Kuwaiti & Kay, 2000; Schaeffer, 1996).
Currently, the studies of manufacturing performance evaluation focus on strategic measurement of enterprise
performance as well as informatization-platform application (WU et al., 2007). And the studies of department-level
performance are relatively less. Performance evaluation is directly related to critical success factors (Bititci et al.,
1997). Key success factors are the driving factors in performance evaluation and process management and used to
measure key success factors (Luu et al., 2008; Bassioni et al., 2004). Therefore, many literatures use brainstorming,
fishbone diagrams and other methods to analyze the critical success factors of specific plant production in order to
obtain performance evaluation system. The selection of performance indicators for workshop focuses on performance
requirements of plant-level or enterprise-level in most studies (Vokurka, & Fliedner, 1995; LI, 2011).
IDEF0 method which is derived from modeling of manufacturing information system can flexibly describe the
function of enterprises and the information flow and illustrate the whole system by graphic (SHANG et al., 2004).
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Xiao-rong WU et al. constructed process maturity model which included the process layer of concept, preliminary,
details and improvement as well as achieved technical decision-making by IDEF0 (WU et al., 2013). Ming-zhou LIU
et al. established functional model of quality control procedures, explained the main features in the process, and put
forward quality information models in unified modeling language (LIU & REN, 2013).
International Standards Organization (ISO) has developed the international standard-ISO 22400. This standard defines
the key performance indicators of manufacturing operation management and gives a clear definition for calculating
key performance indicators. Based on the international standard ISO 22400 of key performance indicators, value tree
analysis is used to break down the strategic objectives of discrete workshop from the top down and machine shop
management is analyzed by fishbone diagram horizontally. Then the function model of performance evaluation system
is built with IDEF0 methods. This research provides a valid basis for discrete manufacturing workshop to evaluate
performance and achieve fine management of workshop.

2. The Design of KPI System for Discrete Manufacturing Workshop

Key performance indicators mean a set of performance evaluation index system is formed based on the organization's
strategic goal-oriented, drivers of customer value and integration of core business processes. KPI is a kind of targeted
management indicators to evaluate performance. The aim is to establish a mechanism which transforms business
strategy into the internal management processes and enhances the enterprise's core competitiveness and the power of
sustainable development.
Value trees and fishbone diagrams are used to identify the key performance indicators. Value tree analysis is based
on the value model to break down the strategic objectives and identify the potential key performance indicators.
Fishbone diagram establishes department-level key performance indicators through the identification of strategic key
performance indicators and checks the feasibility and operability of key performance indicators.
2.1 KPI Based on Hierarchy
KPI system based on hierarchy consists of enterprise-level KPI, department-level KPI and individual-level KPI. The
first layer is enterprise-level KPI, which is derived from the analysis of critical success factors of enterprises' strategy.
The second layer is department level. It stems from the KPI decompositions of enterprise-level KPI based on
department responsibilities and specific business. The third layer is individual-level KPI. It is transformed by the
breakdown of department-level KPI on the basis of business processes and individual job responsibilities. This design
of KPI system follows the thought from the whole to the part.
A framework of performance indicator system for discrete manufacturing workshop is established by CSF analysis,
and it provides reference for performance management systems. The object is manufacturing workshop, a
manufacturing unit of production enterprise. It can be classified as departmental level. Therefore, individual-level KPI
will not be considered. The design process of performance evaluation system for discrete manufacturing workshop is
shown in figure1.
Identify enterprise-level KPIs

Use value tree approaches to decompose enterprise-level
KPIs vertically

Use fishbone to decompose the production operation
management of workshop horizontally

KPIs from the new international standard
ISO 22400

Identify the
key success
factors

Decompose
the key success
factors

Determine KPIs

Establish KPI system for discrete plants

Figure 1: The design process for performance evaluation system for discrete manufacturing workshop


Value tree analysis is used to break down enterprise-level performance indicators which include cost, quality
and delivery date to department-level production management vertically in order to identify critical success
factors.
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Applying fishbone diagram, the critical factors generated by the vertical disintegration of enterprise-level
performance indicators are decomposed horizontally following the functional modules of production
management.
In accordance with the international standard of key performance indicators--ISO 22400, a performance
evaluation system with two dimensions, that is, performance indicators at the enterprises level and operation
management, is established.

2.2 The Decomposition of Enterprise-level KPI—Value Tree
Cost, quality and delivery time are the primary competitive advantages for discrete manufacturing enterprise and the
non-financial strategy indicators which enterprises concern. Therefore, this paper selects cost, quality and delivery
time as enterprise level KPI. Three indicators run through the whole performance assessment system.
2.2.1 Cost
Manufacturing is the process of creating enterprise value, and manufacturing costs directly affect the profits and core
competence of discrete manufacturing enterprises. Therefore, production cost is selected as the cost object.
Production cost

Labor cost

Material cost

Equipment cost

Maintenance cost

Inventory cost

Energy cost

Equipment use cost

Service
charge

The cost of
holding raw
materials

The cost of
holding WIP

The cost of
holding
finished
product

Material
outages

Raw material
cost

Equipment
maintenance
cost

Equipment
failure cost

The cost of
equipment
idle

Processing
cost

Energy
consumption

Production
operations
management

Inventory
management

Inventory
management

Inventory
management

Inventory
management

Production
operations
management

Maintenance
management

Maintenance
management

Production
operations
management

Production
operations
management

Production
operations
management

Figure 2: The value tree decomposition model of cost factors
Discrete manufacturing process involves production management, inventory management, quality management and
equipment maintenance management. Workshop production activities is classified according to these operations
module (Li ZHU et al., 2012). And the four operational modules are regarded as "sectors" of value tree. Then, the
results of decomposing the enterprise-level KPI are classified.
Production cost is the total expenses for producing products and supplying services. Based on the actual production
of discrete manufacturing enterprises, production cost is divided into four parts: labor cost, material cost, equipment
cost and energy cost. Labor cost includes wages of plants workers and workshop managers. Material cost refers to the
expenses of direct materials. Energy cost and equipment cost are the parts of manufacturing expenses.
Labor cost mainly refers to service fee of workers and includes direct labor wages and production-manager wages.
Worker mainly take part in the production process. Therefore, the performance evaluation of labor cost belongs to
production management.
Material cost can be broken down into raw material cost and inventory cost. Raw material cost mainly refers to
procurement cost. Due to raw materials consumed in manufacturing process, raw material cost is the part of production
management module. Inventory cost is an important part of cost control using inventory management module to
manage.
Equipment cost includes the cost of equipment use and maintenance. Equipment use cost can be measured by the cost
of equipment processing and idle. Processing cost is caused by the differences of device output efficiency.
Maintenance cost includes equipment maintenance cost and equipment failure cost that is production loss due to
equipment failure. Maintenance management module ensures the efficient and stable operation of equipment.
Therefore, maintenance cost belongs to maintenance management module.
Energy cost is referred to the energy consumption in the production process, and it can be classified in production
management module.
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2.2.2 Quality
Enterprise-level quality indicators can be broken down into two parts: product design and produce processing. Most
of quality problems are caused by improper processing. Therefore, quality problems from product processing is the
research focus. Quality problems in production process are often caused by raw material quality, internal production
and quality testing. Those performance indicators belong to the quality management module, as shown in figure 3.
Quality

Quality problems caused by product design

Quality problems caused by processing product

Caused by raw materials

Caused by production

Caused by quality verification

The results of quality inspection
First inspection
The first inspection
quantity of qualified
product

Conforming product
quantity

Amount of rework

The quantity of waste
product

Quality management

Quality management

Quality management

Quality management

Figure 3: The value tree decomposition model of quality factors
2.2.3 Delivery Time
Scheduled delivery and production time are closely associated with delivery time and assigned to production
management module. Production time includes the time of operating, inspection, auxiliary operation, waiting and
delivery. The time of operating, inspection and auxiliary operation constitutes processing time. The value tree
decomposition model of delivery factors is shown in figure 4.
Delivery time

Production time

Waiting time

Proces sing time

Inspection
time

Work time

Planned
delivery time

The actual
completion
date

Production
operations
management

Production
operations
management

Distribution time

Auxiliary
working time

Figure 4: The value tree decomposition model of delivery factors
2.3 The Decomposition of Department-level KPI— Fishbone Diagram
Based on the four function modules, the big bones of fishbone diagram are production management, quality
management, maintenance management and inventory management. Middle bones and small bones mark out the areas
of performance evaluation which are the result of value tree decomposition; the key performance indicators
corresponding to the areas of performance evaluation are found in the setting of international standard ISO 22400
(ZHU et al., 2012). The fishbone diagram of workshop KPI is shown in figure 5.
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Employee productivity

First pass yield
The first inspection quantity
of qualified product

Labor costs

The rate of
quality products

Conforming product quantity

Material costs

Reject rate

Equipment load rate

Delivery time

The cost of equipment idle

Amount of rework

Equipment costs

Rework rate

The index of equipment efficiency

The rate of delivering
goods on time

Energy costs

The quantity of waste product

The rate of energy consumption

Key performance indicates for
discrete manufacturing workshop

The rate of
troubleshooting

The cost of holding raw materials

Equipment maintenance costs

The cost of holding WIP

Mean time to failure

Inventory turns

Mean time between failure
Equipment failure costs
Mean time to
restoration

Figure 5: The fishbone diagram of workshop KPI
2.4 KPI Model for Discrete Manufacturing Workshop
Based on the vertical breakdown of strategic indicators and lateral decomposition of workshop production
management, two-dimensional KPI system for discrete workshop is established. It achieves the comprehensive
performance assessment, which include the vertical implementation process of enterprise-level strategic objectives
and transverse process of workshop production management.
The matrix model of key performance indicators is shown in figure 6. The model takes the longitudinal process of
enterprise management and the transverse process of the workshop management into account and proposes key
performance indicators for measuring shop performance from two aspects.
The key factors of
enterprises

Quality ratio
First pass yield
Reject rate
Rework rate

Quality

Delivery time

Labor

Equipment

Cost
Material

Energy

On-time delivery

Employee productivity
Mean time between failure
Mean time to failure
Mean time to restoration
Troubleshooting rate

Overall equipment
effectiveness
Equipment load rate

Inventory turns
Storage/transport
loss rate

The rate of quality
products
Comprenhensive
energy consumption
Production operations
management

Quality management

Maintenance management

Inventory management

The dimensions of
production management

Figure 6: The matrix model of key performance indicators for discrete manufacturing workshop
Enterprise-level critical success factors vertically measure performance for discrete manufacturing plant from three
aspects: quality, cost and delivery time. The rate of quality products, first pass yield, the reject rate and rework rate
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measures the performance of quality. On-time delivery estimates performance of delivery time. Key performance
indicators which assess cost are follows: overall equipment effectiveness, equipment load rate, comprehensive energy
consumption and employee productivity, etc.
Evaluate the production performance for the discrete manufacturing workshop horizontally from the functional
dimension of workshop production management, the key performance indicators can be categorized as four types, that
is production management, quality management, maintenance management and inventory management.
Production management which is the core of production operation utilize personnel, equipment, materials, energy and
information to manage and track of the entire manufacturing process. Therefore, KPI of measuring production
management are composed of employee productivity, overall equipment effectiveness, equipment load rate, finished
goods rate and comprehensive energy consumption. Quality management means workshop managers coordinate and
monitor product quality, product quality information in order to guarantee intermediates and final products to meet
quality requirements. KPI of measuring production quality management includes quality rate, first pass yield, the
reject rate and rework rate. Maintenance management includes real-time monitoring equipment operation,
coordination of equipment use and dispatching failed equipment. The aim is to ensure efficient and stable operation
of the equipment in the manufacturing process. KPI of measuring maintenance management performance is composed
of mean time between failure, mean time to failure, mean time to restoration and troubleshooting rate. Inventory
management includes coordination, management and keeping track of the quantity of items in order to ensure
sustainability of production process. Therefore, inventory turns and storage/transport loss rate are used to measure the
performance of inventory management.

3. Construct Performance Evaluation System for Discrete Manufacturing Workshop Based
on IDEF0

IDEF method is a structure-oriented method of function modeling and derived from information system modeling of
manufacturing industry. IDEF0 used to explain the information needs is a functional model with top-down structure.
The method can flexibly describe the function of enterprises and the information flow and illustrate the whole system
by graphics. Basic model of IDEF0 consists of input, output, control and mechanism. Rectangle represents the function
name, and arrows connect the associated activities, as shown in figure 7.
Control

Outputs

Function name

Inputs

Mechanism

Figure 7: Basic model of IDEF0 theory
3.1 Construct the Top Model of Performance Evaluation System for Discrete Manufacturing Workshop
According to the IDEF0 modeling rules, the top model of KPI system for discrete manufacturing workshop is
constructed, as shown in figure 8. In order to improve performance evaluation function for discrete manufacturing
workshop, basic elements which should be considered in the design process are as follows:
C1
C2
Quality
requirements

C3
Process information

Plan
information

I1
I2
I3
I4

Product Information
Equipment information
Material information
Personal information

The performance evaluation
system for discrete
manufacturing workshop

Performance evaluation of production
management
Performance evaluation of quality
management
Performance evaluation of
maintenance management
Performance evaluation of inventory
management

O1
O2

O3
O4

Computer system

Personnel
M1

M2

Figure 8: The top model of performance evaluation system for discrete manufacturing workshop
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Input end is constituted by four types of information. Product information mainly includes the information of product
quantity and quality; equipment information counts equipment use and fault conditions; material information includes
inventory information of related materials and work-in-process; personal information mainly includes employee
attendance and work productivity. Those types of information are derived from the feedback of production elements.
Control site is referred to constraint condition which should be considered in the process of seeking maximize
manufacturing performance, including quality requirements, plan information and process information.
Mechanism side mainly considers personnel and computer system. Personnel means that workers should be arranged
on each stage to ensure the completion of performance evaluation. Computer system is the basis of the performance
evaluation system, and it provides support for computer hardware and software.
Output terminal is the result of performance evaluation including performance evaluation of production management,
performance evaluation of quality management, performance evaluation of maintenance management and
performance evaluation of inventory management.
3.2 Construct the Basic Model of Performance Evaluation System for Discrete Manufacturing Workshop
Based on the top IDEF0 model of performance evaluation system for discrete manufacturing workshop, the basic
model is established, as shown in figure 9. The basic model aims to describe the production module's internal activities
and information during the performance evaluation. The performance evaluation system for discrete manufacturing
workshop is divided into four modules: performance analysis of quality management, performance analysis of
inventory management, performance analysis of maintenance management and performance analysis of production
management. The top model's four elements including input, control, mechanism and output are further segmented in
order to get the basic model of performance evaluation system.
C1
C2
Product
requirementsQuality
requirements

I1

ERP
PDM
First pass yield

Yield Information
Qualified product information

I2 The information of scrap
quantity
I3
The information of
rework quantity
I4

I5

C4

C3

Performance analysis
of quality
management

A1
Performance analysis
of inventory
management

Material inventory
information

I8

O5

Mean time to failure
Mean time to restoration
Troubleshooting rate

A3

I7

Inventory turns

Mean time between failure
Performance analysis
of maintenance
management

The total time of
production unit

O1
O2
O3

Storage/transport loss rate

A2
I6

Reject rate
Rework rate
Quality ratio

O4

O6
O7
O8
O9

O10

Employee productivity
O11
Overall equipment effectiveness
O12
Equipment load rate
O13
Finished goods rate
O14
Comprehensive energy consumption
O15
A4
On-time delivery
O16
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Figure 9: The top model of performance evaluation system for discrete manufacturing workshop
The functional description of each module are as follows: performance analysis module of quality management is
used to measure the quality of final products in manufacturing process and assess the efficiency of quality
management; performance analysis module of inventory management analyzes the fluency and sustainability of
material flow during the product processing; performance analysis module of maintenance management measures the
stability and availability of equipment in manufacturing process; performance analysis module of production
management is a core part of performance analysis, and it measures efficiency of using material, equipment, personnel
and energy in the production process.
Each module of input end includes eight kinds of data information. Detailed description is shown in table 1.
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Code
I1
I2
I3
I4
I5
I6
I7
I8

Table 1: Input data description
Description
Statistical quantity information of periodically completed products
Statistical quantity information of finished products meeting quality requirements in the
completed products
Statistical quantity information of finished products which can’t meet quality requirements
and completed products which is scraped or reclaimed.
Quantity information of finished products which can’t meet quality requirements, but can
meet quality requirements after re-processing
Statistical inventory information of work-in-process and raw materials in warehouse
Information tracing of equipment operation and failure conditions
Statistics of information about working time and attendance time of workers in production
workshop
Statistics of actual completion time of ordered products

Control Terminal is divided into four aspects including order requirements, product quality standards, ERP and
process information.
Mechanism side mainly consists of personnel and computer system. Personnel means that each stage needs employee
to complete the work in order to ensure the completion of performance evaluation. Computer system is the basis of
the performance evaluation system and provides support for computer hardware and software.
Output terminal includes the key performance indicators of the operation management modules, as shown in table 2.
Code
O1
O2
O3
O4
O5
O6
O7

O8

O9

O10

Table 2: Output data description
Description
First pass yield (FPY) refers to the qualified rate of the first quality inspection.
Rejection rate refers to the relationship between quantity of rejected products and production
quantity. Rejection rate=SQ/PQ, SQ=quantity of rejected products, PQ= production quantity
Rework rate refers to the relationship between rework amount and production quantity.
Rework rate=RQ/SQ, RQ= rework amount, PQ= production quantity
Quality ratio refers to the relationship between qualified product quantity and production
quantity. Quality ratio=GQ/PQ, GQ= qualified product quantity, PQ= production quantity
Inventory turnover refers to the ratio between production quantity and average inventory,
generally used to measure inventory efficiency and indicate average times of inventory
supplement or hand-over.
Storage and transportation loss rate refers to the relationship between lost quantity during
storage and transportation and consumed materials
Mean time between failures (MTBF) refers to the expected operation time between faults, and
the statistical approximate value of continuous operating time before fault of working
unit. 𝑀𝑇𝐵𝐹 = ∑𝑛𝑖=1 𝑇𝐵𝐹𝑖 ⁄(𝐹𝐸 + 1), FE=fault event, refers to termination of product ability
to perform necessary functions; TBF=total operating time between two continuous faults of
the repaired equipment.
Mean time to failures (MTTF) is a reliable index of prospective system, and statistical
calculation is conducted based on fault rate of various components of known working units.
It indicates the expectation of fault time and is used in unrepairable and repairable
equipment. 𝑀𝑇𝑇𝐹 = ∑𝑛𝑖=1 𝑇𝑇𝐹𝑖 ⁄(𝐹𝐸 + 1), FE=fault event, refers to termination of product
ability to perform necessary functions; TTF=total equipment operating time from providing
an available status till fault occurrence or from recovery till occurrence of the next fault.
Mean time to repair (MTTR) is the average time from equipment repair in working unit to
recovery of failed component, which indicates the expectation of recovery time. 𝑀𝑇𝑇𝑅 =
∑𝑛𝑖=1 𝑇𝑇𝑅𝑖 ⁄(𝐹𝐸 + 1), TTR=recovery time, refers to time interval of equipment stopping due
to fault.
Trouble shooting rate refers to the maintenance task grade of the working units after
completing all the maintenance activities. Troubleshooting rate = 𝐶𝑀𝑇⁄(𝐶𝑀𝑇 + 𝑃𝑀𝑇) ,
CMT=fault maintenance time; PMT=periodical maintenance time.
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Code
O11

Description
Employee productivity is a comprehensive evaluation on time efficiency, production
efficiency and quality ratio of employees. Employee productivity =employee time efficiency ×

O12

O13
O14
O15

O16

production efficiency × quality ratio.
Overall equipment effectiveness is an efficiency index of the region which consists of working
unit, working center and several working units. Overall equipment effectiveness =availability
× effectiveness × quality ratio.
Equipment loading rate index refers to the ratio between production quantity and production
capability of the largest equipment.
Finished product rate refers to the ratio between qualified product quantity and consumed
materials.
Comprehensive energy consumption refers to the ratio between consumption of all the
energies and production quantity during production period. 𝑒 = 𝐸 ⁄𝑃𝑄 = (∑ 𝑀𝑖 𝑅𝑖 + 𝑄)⁄𝑃𝑄 ,
e=energy consumption of statistical object unit; E=comprehensive energy consumption;
Q=algebraic sum of effective energy exchanged with environment; PQ=production quantity.
On-time delivery refers to delivering qualified products of regulated quantity within regulated
time.

4. Conclusions

Based on the serial standards of key performance indicators of ISO 22400 for manufacturing operation management,
this paper vertically decomposes strategic indicators for the discrete manufacturing workshop and horizontally
analyzes the workshop production management by using value tree and fishbone diagram techniques. A twodimensional key performance indicators system model for discrete workshop is constructed, which can realize the
two-dimensional performance evaluation including vertical execution of strategic objectives and horizontal operations
management. Then, the function model of the performance evaluation system for discrete manufacturing workshop is
developed by using IDEF0 techniques, so we can realize the informatization of the system. With past and current data
of the workshop, the performance evaluation system presented in this paper can help the managers to evaluate the
performance effectively, recognize the potential problem as early as possible, and take action to make some
improvements, thereby increasing the production efficiency and enhancing the core competitiveness of the enterprise.
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Abstract
In order to meet the high product quality requirements for locomotive industry, the safety and quality management
system based on the quality traceability theory for diesel locomotive was put forward. Firstly, some concepts related
to the safety and quality management system, the quality traceability and batch management are expounded. The
principle of quality traceability including forward traceability and backward traceability is explained in detail. Then,
the model of quality traceability is constructed by incorporating the batch management theory and method, and it
describes the generation, records and use of batch quality information from the perspective of product lifecycle to
provide a solid foundation for quality traceability. Once a quality problem occurs, the company would not only find
the source of quality problem by utilizing batch information and realize the backward quality traceability, but also
confirm the affected products, components or parts to realize the forward quality traceability. Next, the system
architecture and functional structure of the system is designed by analyzing the demands for information platform in
a practical locomotive company. With ten modules contained in the system, it can completely realize the whole
functions of safety and quality management. Finally, an application case of safety and quality management system in
a locomotive company is introduced. It has shown that the system realized the information management for locomotive
products and it is of great benefits to improve the economic profits and social value of the company.

Keywords

Locomotive, safety and quality management, traceability, batch management, management system

1 Introduction

The railway transportation is the main driving force for economy and social development of our country. Locomotive,
as one of the railway transport equipment, undertakes most of transport work for passengers and goods in our country.
Safety is the lifeline of railway transportation, and it is the eternal theme of locomotive industry. With the development
of scientific technology, especially the wide application of computer technology in the field of locomotive safety, the
locomotive safety management has more and more reliable technical support. Then it lays the groundwork for the
transformation from the traditional extensive experience management pattern to quantitative scientific intensive
management pattern. The quality of the locomotive products is directly related to the people's life, the national prestige
and the realization of the modernization. Especially after the big "7.23" railway traffic accident of Yong Wen line,
safety and quality management for locomotive products is increasingly emphasized in reality.
Complex product structure, long manufacturing procedures, too many manufacturing sectors and a wide variety of
components and parts are some characteristics that improve the difficulty of achieving quality traceability in
locomotive industry. With the mobility and computability, Personal Digital Assistant (PDA) and cell phones provide
a new way for agricultural information portable collection to solve the above difficulties (Yang et al., 2008).
Strengthening the quality control of products, establishment of safety and quality control system with transparent
responsibility, safety assurance of railway transportation and realizing comprehensive and efficient operation
management are questions which enterprises take precedence of. According to the market demand, it is necessary for
enterprises to establish the safety and quality management system for locomotive products and it tries to realize the
quality traceability through the construction of the information platform.
The locomotive company firmly aims at the demand "High speed passenger transport and massive freight transport"
of railway market for a long time. Relying on the core technology advantage in terms of big powerful diesel engine,
the company has successfully developed dozens of locomotive products so that it is known as one of the main famous
locomotive research and development bases for freight transport and a pioneer of the sixth speeding of Chinese railway.
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The company takes the safety and quality control as primary criteria for long-term development, and tries to use the
computer and information technologies to achieve the total quality management of products.

2 Theoretical Research
2.1 Concepts Related to Safety and Quality Management System
There are two types of quality definition: the first is that quality is to meet the predetermined specifications for the
characteristics of the products and services; the second is that quality can be defined as the possession by a product of
the conditions that make it suitable to meet the expressed or potential needs of its users (Papetti et al., 2012). Since
the introduction of the ISO 9000 standards in1987, more than 510,000 organizations in 161countries have adopted
and implemented the quality system (Chen et al., 2014).The quality definition given by the ISO9000:2000 standards
is the ability for the inherent characteristics of a product, system, or process to meet customers and other relevant
requirements.
The definition of quality management given by ISO9000:2000 standards are the activities to plan, command, control
and coordinate in aspect of quality management. After determining the quality policies, objectives and responsibilities,
the quality management is the activity to realize the full functions of management by means of quality plan, quality
control, quality assurance and quality improvement. The central task of quality management is to establish, implement
and maintain an effective quality management system and continuously to improve its effectiveness.
For safety and quality management, there is still no uniform definition. However, this concept has been widely used
in automobile, pharmaceutical, food, aerospace and other industries. We can see that the similarity of these industries
is that they have high requirements for product safety. The safety and quality of locomotive products is directly related
to the personal safety of passengers and the property safety of goods. Therefore, it is necessary for locomotive
companies to conduct the safety and quality management in manufacturing process in order to realize timely response
and disposition of quality information, effectively tracking the manufacturing process and improvement of the
management level of safety and quality assurance.
This paper proposes to use the safety and quality management system to realize the full life cycle quality management
of locomotive products through the records of quality information and quality inspection to facilitate the circulation
and retrieval of information. When the problem occurs, on the one hand, we can find the location where defected
products locate, on the other hand, we can get to know why this problem happens. In this paper, the quality traceability
theory and the batch management method are deeply studied, which provides theoretical support for the design of the
safety and quality management system.
2.2 Theoretical Research on Quality Traceability
2.2.1 Source and Definition of Quality Traceability
The concept of traceability is derived from the requirements for safety and quality of products. Traceability, as an
important controlling element of the safety and quality management, is helpful for finding, analyzing and disposing
of the cause of product quality accident, and it is also helpful for avoiding similar problems.
According to ISO 8402“the quality management and quality assurance-the terms”, the traceability is defined as the
ability to trace the history, application and location of entity by means of record marks.
2.2.2 Connotation of Quality Traceability
From the perspective of information system, the traceability includes two parts: quality problem tracking and quality
source search. In the broad sense, the traceability is divided into forward traceability and backward traceability.
Forward traceability traces every key point to find the exact location of products and to forecast the potential quality
problem along the direction of the supply chain. Usually, it is used to confirm the location of the problematic products
in supply chain so that we can timely recover substandard goods and reduce the loss as far as possible. Back from the
clients, backward traceability traces every key point in supply chain to find the source of problematic products, and to
find the root of the problem. It is mainly used to find the cause of the problematic products by the use of record marks
of procurement, production, installation and after-sales service. The principle of quality traceability is shown in Figure
1:
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Figure 1: The principle of quality traceability
2.3 Batch Management and its Model
2.3.1 Batch Management and Batch Quality Information
The collection of products that are produced under the same conditions or have been produced completely are called
“batch”. “Batch number” is defined as a group of numbers or letters plus numbers used for identifying the same batch
of materials or products (Chen & Chen, 2006).
“Batch Management” identifies purchasing materials, the process of design, the procedure of produce and final
products with batch information and manages them with batch identification. Batch management exists in the whole
life circle of products, especially in the industries which have a rather higher requirement for product quality, security
and hygiene, such as food, medicine, automobile, airplane and spaceflight product industry.
The definition of batch quality information is: the information sequence which identifies all the batch records of
productive process that cover the whole product life circle (procurement, design, produce, inspection, sale, use,
service, etc) bases on the batches and their identifications and realizes product quality traceability related to the
batches. We can divide batch quality information into two types: technology information and management
information. The two kinds of information are shown in Table 1:
Tabel 1: Batch quality information
Classification
Design phase

Technology
information

Productive
phase
Check-out
phase

Management information

Content
Process parameters, raw material types, appearance,
functions, etc
The batch number of raw material, toll number,
equipment number, etc
The batch number of production, process number,
task number, number of parts, product number,
specification, quantity, etc.
Production equipment state parameters, production
quantities of each batch (each process),etc.
Work in process, finished goods inspection data, the
number of qualified products, scrap and rework,
handing information, etc.
Standard file, program file, quality cost, etc
Contract information, production plan, equipment
information, etc
Supplier quality information, after-sale service
information, etc

The relation with
quality
Determine the product
quality

Form the product
quality
Reflect the product
quality
Influence the product
quality directly

2.3.2 Batch Management Model
Batch management model describes the process of generating and using batch information and we can have a clear
understanding of the structure of batch management. Batch management covers the entire business process of
corporations from the arrival of goods and materials, in-put and out-put of inventory, production to sales. The model
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describes the process of batch management with overall architecture from the concept level and it is an abstract of
practical business process. The batch management model is shown in Figure 2:
Non batch management
Material
provided
by
supplier
(Batch)

Material
（Not batch）

Stock
(Btach management)

Sale of
products
(Batch)

Batch management
Split/Merge
Purchased
goods

Batch
association

Not split/Not
merge

Receive batched
material

Homemade
goods

Batch
association

Put batched
material in stock

Batch
association
Batch
association
Manufacturing
process

Process 1
(batch)

Process 2
(batch)

Process 3
(batch)

Process n
(batch)

Figure 2: Batch management model
The arrival of goods and materials: If the identification for goods and materials is batched supplied by vendors, we
needn’t handle it specially and we should manage the goods and materials with no batch management method; If the
enterprises builds new batch identification by itself, we should record the batch information supplied by vendors and
the relationship between new batch information and old batch information. For example, if the batch of a product
supplied by vendors is 20120501 and the new generated batch identification is 20120501A, we should record
20120501A from 20120501.
In-storage: The goods for which the enterprises need to build new batch information may be split or merged. We
should manage them according to one-to-one or one-to-many relationship and record the relationship between new
and old batch information.
Out-storage: We need to record the batch information which is generated in the in-put process when we pick the
materials out. The relationship between new batch information and old batch information should be recorded if there
is splitting or merging.
Production: Enterprises produce with batch information. We should record the batch information of original materials
used in every working procedure and identify the new product with batch information.
In-put of inventory: After splitting or merging the finished products, we record in-put batch information and the
relationship between new batch information and old batch information.
Sales of product: Enterprises would generate sales batch information generally when selling products. For the products
with a large number of orders, the method of merging products with different batches for order fulfillment may be
adopted in the process of packaging. Otherwise, the method of splitting products with the same batch may be taken.
Therefore we should record the corresponding relationship between sales batch and warehousing batch in terms of
batch relationships when generating sales batch identification.
The process above tracks products with batch management and records the batch quality information in the whole life
circle of products. When a problem arises in the sold products, we can track back to find the source of the problem
and confirm the product liability according to the batch relationships.
2.4 Quality Traceability Model
At present, the construction of Chinese agricultural products traceability system is in the initial stage (Pan et al., 2012).
Quality management promotion is regarded as an effective method for an organization to enhance their efficiency and
quality, improve management performance, and increase competitiveness (YEH&LAI, 2015). By analyzing the
process of quality traceability and the introduction of batch management, the quality tracing model is put forward.
From initial materials to final goods, system sets up traceability barcode, used for interacting and transferring
information, to realize all-the-way tracking back from source to semi-finished products (Qian et al., 2008). From the
perspective of product life cycle, the model describes the produce, record, attach and use of quality information in
order to provide a strong basis for quality traceability. The quality traceability model is shown in Figure 3:
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Figure 3: Quality traceability model
Purchasing department is responsible for purchasing the bought-in components and outsourced parts. When the
bought-in components and outsourced parts are put in stock, they are stored by batch and possess the only identified
batch number from which we can confirm the corresponding supplier information.
During the productive process, the original batch information will split or merge to rebuild the new batch information
and the corresponding relationship when the enterprises pick up raw materials. When producing the productions, the
enterprises will input some attributes and parameters to realize the control of productive process at every working
procedure.
The finished products and semi-finished products are checked out strictly. According to quality item information (it
tells who checks the products out) and quality control information (it tells which indicators the checkout is aimed at),
the enterprises conduct self-checking, mutual checking and special checking.
When it comes to the sale of products, the batch information will split or merge to rebuild the new batch information
and it should record the relationship between the original batch information and the new batch information.
The model can not only trace the productive process, but also trace the supplier information, inventory information,
quality information and sales information. The model can get to know which (batch) products are which raw materials
used for, who takes the responsibility in productive process and who checks the products out.

3 System Analysis and Design
3.1 The Significance and Goal of the System
The locomotive company aims to construct the safety and quality assurance system for the locomotive vehicle
products, assure the safe operation of the manufactured locomotive vehicle and its products, and keep the quality of
product life circle under more serious control. It puts forward safety and quality management system for locomotive
products to realize the effective management and tracking of the related business on safety and quality assurance and
make further improvement on the management level of 8 preventions (anti-cracking, anti-dropping, anti-burning of
axle, anti-rupture, anti-explosion, anti-fire, anti-separation, and anti-running without brake). As most of the currently
existing traceability management systems and standards are independently developed by different departments and
regions and the state has not laid down the unified standards for developing such systems (Chin et al., 2004). The
system should reach goals as follow: ① Support the information management from outsourcing suppliers; ② Support
the establishment of critical safety parts directories and manage them in batch; ③ Support the management of critical
safety parts and record the technique requirements; ④ Support the record and transmission of quality inspection
information; ⑤ Support the tracking and tracing back of the quality procedure on product whole life circle.
3.2 Principles of System Design
As the system must meet enterprises' demands to make full use of the advantages of information platform and improve
the efficiency of manufacturing management, the system design should follow below principles:
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Reliability: The system should use large relationship database, have a strict system on data backup and ensure the
reliability and safety of data. It should use regular data backup to ensure the data safety in terms of the operation
environment.
Applicability: The design should be made as per the current productive procedure, planning situation (organization
structure, main business line, planning of information infrastructure), the overall vision and demand to ensure the
stable transition from crude oil operation to the operation under that system.
Usability: The system design should take operation environment and levels of service objects into account. Different
service objects should have different human-computer interactions to ensure the interface to be friendly, easy to
operate and easy to learn.
Safety: Considering the design of application software, the function of rights management should be strengthened and
a multilevel safety system should be possessed. Through the permission assignments of people of all levels, everybody
can check personal data smartly and establish perfect log management to ensure all the operations are well
documented.
Anti-interference: As the system is designed to be used in the workshop, equipment should be high-frequencyelectromagnetic shielding and the wire layout of internet should be electromagnetic shielding in order to get a stable
and reliable data communication link. As a result, it can ensure the accuracy and real-time performance of the data
collection, transmission and processing.
Integration: The system should consider the interface with other sub-systems to meet the demands of the overall
planning and step-by-step constructions of enterprises' information system.
Maintainability: The system should use smart high technology to realize the "installing once and upgrading
automatically" of the client terminals. The settings of client terminal upgrading facilitate the automatically download
and installing of the most up-to-date client terminals, which avoid the large amount of installation works with the
system upgrading and optimization.
3.3 Design of System Function Structure
A good traceability system establishes precisely the history of composition and location of products all along the
supply chain (Botta-Genoulaz et al., 2005).There are 10 modules in the system to realize 50 kinds of functions through
the construction of functional configuration. Information processing/control/tracking module is the core of the system
function module, it uses the data collection interface, information processing to interact with other functional modules
(Dong et al., 2013). This constitutes a complete safety and quality assurance system, and the model of system function
structure is shown in Figure 4:

Personnel
management

Outsourcing process
supplier management

equipment inspection
and checking-tools

Cycling dynamic
quality management

Basic data
management

Authority
management

Suppliers management
and outsourcing

Equipment
management

Quality problem
management

Product data
management

Figure 4: The model of system function structure



User management: four categories including department management, user management, password management
and authority management. According to the need of different department to set up specific accounts, the user
can use their own account to log in the system for related operations.
Data management of products
● Bill of material management of critical safety parts: The critical safety parts are the parts which will affect
the safety of vehicle when its function is invalid.
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●







Process management of critical safety parts: The process of critical safety parts is the process critical safety
parts involve in, the difficult process and the quality fluctuation process.
Cycling dynamic quality management: Quality inspection includes self-checking, mutual checking of outsourced
parts and special checking of purchased parts and outsourced parts. Recording the inspection state, time and
personnel information, it facilitates quality traceability.
Person, machine, material, method, environment, inspection management: including machine account
management of key personnel, machine account management of key equipment, suppliers machine account
management of outsourcing process, suppliers change management of external and outsourcing purchase,
directory management of key parts, change management of key process and key parts, change management of
inspection equipment and change management of checking-tools, etc.
Supplier management of external and outsourcing purchase: Conducting suppliers management for external and
outsourcing purchase of critical safety parts, we can record quality information of external and outsourcing
products.
Quality problem management
● Tracking management of quality issues: including the analyse and process management of quality problems.
● External use of safety and quality information management: For external use of safety and quality
information during the process of collection, analysis and disposal, it is convenient for related personnel to
understand the external use of safety and quality situation and formation of external use of safety and quality
dynamic report.

3.5 Advantages of the System
This system can achieve overall control of quality management and conduct the circulation control and quality
traceability aiming at the critical parts of productive process. The system has been successfully run on-line in a
locomotive company, and practice has proved that the information management platform has improved productive
efficiency, achieved the overall quality management of locomotive products and enhanced economic efficiency.
Summary of benefits of this system are as follows:
 Overall control of information: this system takes the bill of materials of critical safety parts as principle line to
identify critical personnel, equipment, checking-tools and suppliers in the total technological process.
 Strong scalability: The system sets PDA interfaces specially in order to make mobile devices in workshop collect
dynamic quality information. In addition, the PDA lays foundation for the later integration with ERP systems.
 The quality supervision of whole process: In the productive process, the system conduct self-check, mutual check
and special check for critical safety parts and processes in order to conduct complete quality control.

4 Application Results
4.1 Application Situation
The safety and quality management system for locomotive products uses VS.NET as a visual studio combining B / S
mode and C / S mode and develops 10 function modules and 50 function points to fully meet the needs of the safety
and quality management of the company.
Currently, the safety and quality management system for locomotive products has come into use in seven assembly
workshops. The modules of the system are recognized by operating personnel in the verification process, and greatly
facilitate the on-site personnel to complete quick and accurate inspection and quality traceability management. The
system will be put into use in every workshop of the company in order to meet the practical requirements of various
departments and units in the future. The system need to strengthen the application of configured institution and job
specifications in order to become the major control platform in daily safety operation.
4.2 Benefit Analysis
The implementation of the safety and quality management system for locomotive products has brought considerable
benefits for this company. As a information platform of safety and quality guarantee system, this system plays a
positive role in improving quality, safety and working efficiency, and it realizes timely response and management of
the quality information.
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The system ensures the consistency, accuracy, completeness, timeliness of information management, and streamlined
management mode improves work efficiency greatly because every data is well documented. These can facilitate
decision-making for management layer and reduce artificial loss.
By using this system, the company has not only improved the productivity and economic benefits and enhanced safety
security of products, but also strengthened product safety assurance and management specifications.

5 Conclusions

With the rapid development of the society and the improvement of the technology, the safety and quality for
locomotive industry products has drawn wide attentions and long been emphasized. In current times, people and the
whole society have high requirements for the locomotive products. Under this background, by incorporating the
concepts of quality traceability and batch management, product life cycle oriented batch management model is
designed and the quality traceability model based on batch management theory is developed, through which, the
quality estimation and problem diagnosis can be solved. By forward model tracking, the location of the defective
products can be confirmed, while the source of the defective product could be found using backward traceability.
Finally, based on the batch management and quality traceability theory, combining the actual safety and quality
requirements in a real enterprise, on the basis of designing the functional structure, the information platform of safety
and quality management system for locomotive products is constructed, through which will help the enterprise to
improve the production efficiency, ensure the quality of the product and win competitive advantage.
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