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Abstract

The purpose of this study is to develop a fuzzy-AHP multi-criteria decision making model for
procurement process. It aims to measure the procurement performance in the automotive industry. .
such measurement of procurement will enable competitive advantage and provide a model for continuo
improvement. The rapid growth in the market and the level of competition in the global economy
transformed procurement as a strategic issue; which is broader in scope and responsibilities as compe
to purchasingThis study reviews the existing literature in procurement performance measurement tc
identify the key areas of measurement and a hierarchical model is developed with a set of genel
measures. In addition, a questionnaire is developed for pair-wise comparison and to collect opinion fro
practitioners, researchers, managers etc. The relative importance of the measurement criteria are asse
using Analytical Hierarchy Process (AHP) and fuzzy-AHP. The validity of the modehfgroed with

the results obtained.

Keywords: Multi-criteria decision making, fuzzy-AHP, procurement performance measurement.
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1. Introduction contributes 4% to 8% of Gross Domestic Product
(GDP) of a country and is one of the larges

. . . industrial sectors in the world (Afsharipour et al.,
Procurement is a core function in every 2006)

organization. Traditionally the focus of

procurement was limited to efficient purchasingpue to a large number of raw materials and
activities or was just considered as a clerical jObcomponent parts used for assembly, there is a
Reducing cost of purchasing was considered ageed of managing suppliers. Most of the
the main function of procurement. Globalization manufacturers in last two decades reduced their
and dynamic market environment transformedsupplier base from thousands to hundreds and in
procurement as a strategic issue. These drives adlome case to several tens of suppliers.
organization to be more innovative and improving Rationalization is based on Japanese experience
their services towards meeting rapidly changing(Golinska and Kosacka, 2012).

customer requirement (Paul & He, 2012). In

addition, it is a key area to focus for the firms toNowadays, most of the manufactures purchasing
become cost effective and competitive in antheir sub-assemblies like; door, electronics etc.
environment characterised by increasing globallyfrom the suppliers. This lead to a change in the

challenging and declining profit margins (Barratt infrastructure to support the design, procurement
and Barratt, 2011). and logistics processes of the manufacturers

_ _ _ _ (Benko et al., 2003). Most importantly, the major
Most importantly, in some industries such aspart of automotive production happens at the
automotive, textile and electronics, procurementsupplier level (Maurer et al., 2004). This has led
covers 80% of the overall cost (Tsang et al.to a change from traditional automotive industry

2013). The role of procurement has become evepractices to supplier integration and customer
more demanding to provide savings, to supporinvolvement.

wider sustainable development, diversity and to
improve service delivery (Loader, 2010) Increased customization is a new trend in the

According to (Gioconda et al., 2010) automotive industry. The customers can also be in
procurement is the most critical function in supplya part of the manufacturing, to the extend where

chain. This gives rise to prioritise procurement ashey can decide what they want and how they
a primary function and its importance in want it. As a result, procurement becomes a

measuring its performance. significant mattewhere innovation and development
of theproducts and productsfering have become a
Moreover, agile manufacturing and changingcontinuous proces§Afsharipouret al., 2006). As
customer's perception as a part of globalisatioran impact of the development of these sectors, the
shortened the product lifecycle. Purchasing is tharansactions across the business are steadily
primary function in the supply chain and crucial transforming to electronic platform and the lead
for the performance of supply chain specificationtime has been reduced (Kangogo and Gakure,
(Pani and Kar, 2011). Procurement became 013). In addition, Outsourcing helped car
strategic priority for firms in order to achieve assemblers to reduce their cost with increased
competitive advantages. Inoday’s dynamic  flexibility, improve quality, save space and reduce

business environment procurement is positionedevelopment time (Giancarlo et al., 2011)
as critical business process focusing on long term

value creation from traditional concept of short1-2. Procurement Performance Measurement

term cost minimization (Hong and Kwon, 2012 : .
( g ) Procurement is worse than any other business

1.1. Procurement in Automotive Industry function at measuring its performance in an

objective, truthful and credible manner (Smith,
Automotive industries are in a path of 2012). Monitoring procurement  system
streamlining their production line in reducing performance provides managers with the
waste. Thus procurement became a complexnformation they need to evaluate how well the
strategy for them. Automotive industry system is functioning and to identify areas where
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additional measures may be required to improvepairwise item assessed (Hadad & Hanani, 2011).
the overall procurement performance. As anFollowing are the main steps

impact, industries have to monitor their _ _ _ _
procurement  process and  measure ld- Constructing the hierarchical modéirst, the
procurement performance to achieve Problem is structured as hierarchical model with

competitiveness in the market. Prioritising thed!ﬁerent Ievel_ of evaluating the alternatives. The
criteria  for measurement according to their highest level is the overall goal followed by main-
relative importance is also a critical issue.Crteria, ar_ld sub-criteria in the subsequen.t levels.
Purchasing departments are acting in a state ofhe criteria for the performance evgluatlon for
various multiple requirements. The criteria usedéach dimension should be mutually independent
for the overall performance of a purchasing(Saaty, 1980).

department will change overtime. . . o
2. Pairwise comparison of criteria and

According to Van Weele (2010), purchasing alter_natives for development of judgment
performance consists of two elements; efficiencymatrices:The next step is to make the pair-wise
and effectiveness. Efficiency means "doing thecomparison to find the comparative weights

things right" and effectiveness means "doing theamong the attribute of the decision element. Each
right things"(CIPS, 2005). of the pair wise comparison mateisshould pass

the consistent test. The outcome of this step is the
To achieve the aim of ih study, two ranked priorities for the decision alternative under
methodologies are used for pairwise comparisoreach criterion. Saaty introduced a scale for the
and prioritisation of criteria; classical AHP and pair-wise comparison based on a standard
fuzzy AHP. A comparison between the resultsevaluation scheme.
from classical AHP and fuzzy AHP is shown in
result and discussion part. The proposed multi3. Calculating local priorities:Once pair-wise
criteria  decision making model might be comparison is completed, the next step is to
beneficial for decision makers to focus on thecalculate the local priorities from the judgment
most critical criteria towards procurement matrices. Eigen value method (EVM), the
performance. logarithmic least squares method (LLSM), the

weighted least squares method (WLSM), the goal
Section 2 describes the methodologies used foprogramming method (GPM) and the fuzzy
this study and the steps to follow. In Section 4,programming method (FPM), these are the main
criteria used to develop the model are explained ircalculation methods summarised by (Mikhailov,
detail. The model is represented in a hierarchica000).
structure. Section 5, explains the validation of the . _ ) ) .
proposed model by two methodologies. Resulté- Alternatives RankingThe final step is to obtain
obtained from both classical AHP and fuzzy AHp the final ra_nlgmg or glo_bal ranking by cor_15|der|ng
is shown in Section 6. The last part of this papera” local priorities obtained from the previous step

gives the overall conclusion of this study. with the application of simple weighted sum. This
determines the final ranking of the alternatives
2. AHP Methodology (Wang et al., 2007)

AHP is the finest solution for multi-criteria Once the weights have been allocated for each

decision making proposed by Saaty (1980). Theeriterion and recorded, a consistency check has to
main highlight of the AHP methodology is that, it b€ performed. (Saaty, 1980) suggested the
considers the various phases of the process arfgPnsistency index to measure the degree of
presents an efficient outcome. AHP bredlown  consistency by the following equation:-

a complex problem in to measurable criteria in a
hierarchical structure. AHP determines the Cl =

weights of both qualitative and quantitative n—1
criteria (Mendoza, 2008). The decision maker

creates pairwise comparison matrix for every

_ Anax — M



In general, a value of CI less than 0.1 isare compared in pairs to assess its relative

satisfactory. Then the consistency ratio (CR) hadmportance in the level and the level above that.
employed the comparison value ClI and r1The method computes eigenvectors until the

_ ) composite final vector is obtained. The final
= <
((:C(;rF:sigtg:)' CR<0.1 can be taken as sufficiently vector of weights (global weight) shows the

relative importance of each alternative towards

Decision makers often face uncertainty Whenthe main goal (Sharma and Yu, 2014).

prioritizing one criterion over another with AHP

method. A fuzzy logic is integrated with AHP

method to overcome this uncertainty (Wang et al., 1
2007)

3. Fuzzy-AHP Methodology

AHP method is similar to human thinking. AHP

breaks down a complex decision making process v m,= m,)
in to simple comparisons. However, it doesn't -
consider cognitive factors of human's judgement o I m, I du; my uy

A\ 4

(Ahmad et al., 2012). It is difficult to determine
the ratios on classical AHP method. Fuzzy AHP is Figurel. The Intersection between TFNs

the extensionof Saaty’s theory and many
researchers have provided that fuzzy AHP show
more sufficient description in decision making

;I'he membership function of TFNs can be
described by the following equation

process compared to the classical AHP methods [ x l

(Mithun and Song, 2014). Because of its | —7— 7 *€ [l,m]
popularity TFNs is used in this work. Figure 1 wy (%) = 4 X U x€[mul
represents the membership function of each set of m—u m—u .
numbers. As shown in the figure the membership l 0, otherwise

functions are that the sets overlap each other.

The TFN M is often represented &&m,u).
AHP is a patrticipation oriented methodology thatWherel, is the lower bound value; is the middle
helps coordination and synthesis of multiple bound and: is the upper bound value.
evaluators in the organizational hierarchy.
Participation improves the quality of decision Fuzzy can always be given by its corresponding
making processby using a scale of 1-9. The left and right representation as in the equation
uncertainty inherent with using crisp values in below;
translating the judgments emphasise theM -
importance of using fuzzy logic to deal with the ™ — ’
uncgrtainty or imprec?sion in the judgement due 1) — [L+ (m — Dy, u+ (m—wyl,y € [0,1]
to incomplete or imperfect knowledge by
considering all possible values in the membershipVherel(y) andr(y) represents left side and right
function to attain the crisp decision (Sharma andside of fuzzy numbers.
Yu, 2014).

In summary, the purpose of fuzzy AHP is to deal
with a complex decision making problems by
decomposition of theses problems in to a
hierarchy with main goal (criterion) on the top,
criteria and sub-criteria below that and possibl
alternatives at the bottom level. All the elements; ,, .y @,

TFNs have various operations. Only important
ones are used in this study. Two fuzzy numbers
M; = (l;,m;,u;) andM, = (I,,m,,u,) have been
egiven as follows

my,uy) = (L + 1, my +my,uy +uy)
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(Lmyu) © (L my,up) = (L — I, my — My, up — uy)

(my, ug) ® (Lo, mp, up) = (L * I, my * My, uq * uyp)

(L my,up) @ (L ma,up) = (L4 /1, my /my, uyg fuy)

As shown in table 1 fuzzy AHP is a range of
values in order to deal with uncertainties for
decision makers.

Table 1. Fuzzy Conversion Scale

Importance | Triangular | Importance | Triangular
Intensity Fuzzy Intensity Fuzzy Scale
Scale
1 (1,1,1) 11 (1/1,1/1,1/7)
2 1,2,4) 1/2 (1/4,1/2,1/1)
3 (1,3,5) 1/3 (1/5,1/3.1/1)
5 (3,5,7) 1/5 (1/7,1/5,1/3)
7 (5,7,9) 1/7 (1/9,1/7,1/5)
9 (7,9,11) 1/9 (1/11,1/9,1/7)

The scale is adopted from (Prakash, 2003) fuzzy
prioritization approach.

Suppose a triangular fuzzy number Ag;is

expressed a$l;;, m;;,u;], i andj = 1,2....... n,
m;;,u;; are lower bound, the me
bound and upper bound of the triangular fuzzy
In addition, we assume that <m;; <

where I;;,

set.

If i = j, thena;; = a;=(1,1,1). Therefore, an exact y(M, > M,) =1 if my = m,
priority vector w = ( wy,wy, .....

.....w, )Tderived

Using the following formula can get synthetic
degree value.

k -1
Sj - Z?=1M§®( 27212;211”5 )

3)
The output of this sum¥f_, Mfis the fuzzy

additional operation oh extent analysis values
for a particular matrix such that:

Z?=1Mi’§~ = (27=1lij'27:1mij'27=1uij) 4)

The total some of these( [Xi*, X7, Mk )71,
will lead to the fuzzy addition operation &f; (j =

1,2,...,n) values such that, the inverse of the
vector in equation (3) can be shown as follows,

( T Xk M )T, =
(Z;-lzllij,Z}l:lmij;Z;'l:luij)_l
( T XM ) =
1 1 1
) (6)

n 4 n ) n
Yieq Uij Djeqg Mij Xjeq Li

i=12,..,n,

(5)

Once synthetic value is determined, the degree of

an possibility on one fuzzy number/synthetic value

obtained to be greater than other is obtained is
determined as follows;

V(My 2 M) = supysy(min( py, (), 1, ) (7)

(8)

from the judgement matrix must satisfy the V(M2 = M;) = hgt (M; 0 M;) =py, (d)
inequalities.

Chang et al

(1996) provided the following

formula to calculate the synthetic value:

t _ t t t T —
af; = [afj, afj a;], i,j = 12,..,m, t =12,

‘T> is a TFN given by the t'* expert, by the

formulakt®

Ml == Q (afj + a% + - +af))

The synthetic TFN of th&!" layer can be derived

ij

1)

(2)

V(M, = M;) = hgt (M, N M,) =

)

(my—uy)—(mq1—1y)

9)

Chang further added, the degree of possibility of
it factor to be greater than others is as follows
(Ahmad et al., 2012).

V(M = My, M,,..,My) =V(M > M,) and (M >
M,)and ...and (M = M) = minV(M = M;), i =
1,2,...k (10)

and the synthetic judgement matrix of the layerLet
total factors towards th&‘" factor of the(k —
)" layer can also be obtained.

d'(S) = minV(S; = ;) (11)

Hence the Weight Vector given by



W' = (d'(5),d"(S2) e d'(Sp) )T 4. Development of the proposed model

WhereS;(i = 1,2, .....n)are n elements of the T

i The el ¢ h col divid his section explains the component of the
matrix. The elements of each column are dividedyigarchical proposed model. The proposed model

by the sum of that column and the elements Ns developed based on reviewing different

each resultiﬂg row are ?d?ed and_thii SUM 1Sesearch papersnd also the authors’ industrial
divided by the number of elements in the rOW)’experience. The model is classified in to four

the normalized weight vectors are obtained aSevels for pair-wise comparison
follows (Percin, 2008): '

r First level sates the goal of the overall model.
W= ( d($1),d(S2), -, d(Sn) )" (12) Second level (Efficiency and Effectiveness) states

The final weight or global weight of each criterion the main-criteria to achieve the goal and the third
is obtained by multiplying the criteria with the and fourth criteria are sub-criteria and sub-sub-

matrix obtained by calculating each alternativeCriteria towards the overall goal. Figure 2

with respect of each criterion. indicates the proposed multi-criteria decision
making model for procurement process.

Transparent Tendering

l Integrity Transparent Price
Information
— Staff Training
j System productivity K
Emergency Procurement
. Payment Processing Time
Effectiveness Timeliness y g
Procurement Cycle Time
‘ Quality K Expiration Management

Supplier Performance

Product Price Variance
l Cost KI

Procurement Performance Effective Contract Ut|||zat|on|

Measurement

Accuracy in Forecasting
l Management

Master Production Schedule

upplier selection Policies Supplier Base
and Procedures

Supplier Relationship

Customer Feedback

Efficiency Stakeholders

Inventory Turnover

Reliability
E-Procurement K
Accuracy

Energy Consumption

l Sustainable Procurement K

Waste/Toxic Emission

Figure2. The Proposed Multi Criteria Decision Making Model for Procurement Process

A questionnaire is designed for data collectiontwo factors/ criterion at a time, decide which

from academics and industrialists. The factor is more important and then specify the

guestionnaire is developed based on the criteri@legree of importance on a scale between 1 (equal
and levels in the AHP model. Experts have beenmportance) and 9 (absolutely more important) to
asked to make pair-wise comparisons betweetthe more important factor/criteria.
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In total 52 people responded for the questionnaireonsumption). Sustainable procurement means,
survey and among that 29 were academics and 2@oing procurement in a way that supports the
were industrialists. All the responders agreedenvironment eco-friendly.

about the model and shown positive response . . o ) o
towards procurement performance measuremerfeSPecially in automotive industries sustainability

and its necessity. can be developed by adopting manufacturing
methodologies like Lean and Justtime (JIT)
4.1. Efficiency technique. Lean methodology will contribute to

o _ ) ) _ the waste elimination process by identifying the
planned and actual sacrifices made in order the same time, just-time technique helps to

realise a goal is previously upon (Weele,order goods only when it demands.
2010).Procurement performance is critical to the

success of every firm. Superior performance lead$.1.2. E-Procurement

to competitiveness. Thus it became vital to check o

the efficiency of the procurement process.Automotive industry's procurement processes are
Efficiency means the organization is "doing thingsin & transformation as an impact of globalization.
right”. Measuring performance on the basis of/n order to achieve the competitiveness
efficiency will improve the quality of service. On @utomation of the process is adopted by many of
the other hand, the absence of performancé€ industries. "E-procurement is an important

measures or wrong measures will create adverselep towards development of the extend enterprise
results (CIPS, 2005). where the supply chain becomes a continuous,

uninterrupted process extending from buyer
Achieving procurement efficiency is a strategic through selling partners" (Afsharipour et al.,
issue now. As requirements of automotive2006). E-procurement system supports the
industry increases, the need for measuringstrategic procurement functions and reduces
performance also increases. Following are th operation functions. Automotive industry faces
sub-criteria come under strategic issue of thancreasing pressure to improve efficiency, reduce
procurement process and in measuring efficiencyost, quickly identify and respond to changing
towards the procurement performance. demands.

4.1.1. Sustainable procurement E-procurement solutions arise from all these

needs with an ability to collaborate suppliers,
Procuring  sustainably helps organisations tOgriginal equipment manufacturers (OEMs) and
eliminate waste as well as become more energyhird party logistics providers. Efficiency of the e-

efficient and save money (CIPS, 2005).procurement thus became a challenge for the
Sustainable procurement can be defined as "usingrganizations and performance of the e-

procurement to deliver long term social, economicyrgcurement solutions can be measured on two

and _ en_vironmental benef-its" _(ACtiOﬂ main indicators; Accuracy and Reliability.
Sustainability, 2012). (Crespin-Martin and

Dontenwill, 2012) states two main reasons tha#.1.3. Stakeholders

drive firms towards social and environmental _ _ o _
stakes: internal and external. PersonnelEVery business runs with an objective of meeting
commitment from managers and investors to®f €xceeding  stakeholders  requirements.
implement green supply chain as well as desire te>takeholders can be internal or external to the
reduce cost by elimination of the waste, asOrganization. Internal stakeholders will be
internal factors. Apart from that, the new Shareholders, ~management and employee.
government rules and regulations as well as &xternal stakeholders are customers, suppliers etc.
desire to achieve competitive advantage asotakeholders see business in different perspective.
external factors. Efficiency of the sustainable!ntérnal stakeholders look the procurement

procurement can be assessed on two maiflepartment's performance in terms of inventory
indicators  (waste  emission  and energyturnover. While, external stakeholders look from



value for money perspective and their satisfactiorsuccess. Efficient participation and action plans
can be measured by customer feedback. by the management should be measured towards

o o _ PM. Materials requirement and resource planning
Prioritising individual stakeholders and their i the main part of management function in

needs in the beginning of the process help smootrgcurement process. Over Production leads to
functioning and efficiency can be achieved. gpsplete goods and under production leads to not
Prioritising should be based on their influence INmeeting the customer requirements. So there will
the process or business (Sharma, 2008)pe g balance between these two. Proper

Stakeholders are very sensitive in order 1Ofgrecasting techniques should be used for this
understand their feelings organizations have tqyyrpose.

view business in stakeholder's shoe.
Management efficiency can be measured on the
basis of these factors; master production schedule

In contemporary supply chain management, theand accuracy in forecasting. The Planning process

performance of potential supplier is evaluated'sg1 clontmuousdfuncnon. tEfflc(;en; tr;:anagemet_nt
against multiple criteria rather than considering gand planning reduces cost and at the same time
single factor. In most of cases a single supplietm"’v.(Imum profit with better — utilization of
cannot satisfy all the requirements. Therefore,‘3“/6“'6lble resources.
supplier selection is a multi- criteria decision 4.3 Effectiveness
making problem in which firms need to prioritise
selecting the best supplier on its working style ancEffectiveness is  another  dimension  of
the industry type (Agarwal et al., 2010). procurement performance measuremeRPN).

. o . . Weele (2010) defined purchasing effectiveness as
The main objective of supplier selection processihe extent to which, by choosing a certain course
is to reduce purchase risk, maximize overall valugys action, a previously established goal or
to the purchaser, and develop long-terMgiandard being met. Purchasing effectiveness
relationship between buyer and suppliers (Tahiririg|ates to the degree to which previously
et al, 2008). Moreover, the usage of gstaplished goal and objectives have been met. A
methodologies like Total Quality Management syrategy or activity is either effective or not: a
(TQM) and Justn-Time (JIT) has made the gog| is reached or not. However, the goal can be
supplier selection process extremely importaniexpressed in terms of aspiration levels; the

(Petroni, 2000). strategy or action that realizes a higher level may

The efficiency of the selection procedures can bét]/\?n ?e ggzzldered as more effective than another
measured on the basis of number of supplier eele, ).

(supplier base) and consolidating suppliersgffectiveness of the procurement process is
contracts and involving them in strategic rg|ated to goal or objective of obtaining right
procurement planning process and maintain longmaterial in right quality, at right time and right
term  relationship  (supplier  relationship). pjace. The process should contribute to the
Maintaining supplier relationship  and jnnovation and reduce the company's supply risk.
determination of supply base is a strategic issuegg effectiveness measures and criteria to assess
As suppliers play a vital role in quality and cost {he effectiveness of the procurement performance

contribution. For PM, the screening process Ofang its indicators are added in to the model and
suppliers should be monitored based on strategig,e explained as follows.

decisions.

4.1.4. Supplier Selection Policies and Procedures (SSPP)

4.2.1. Cost
4.1.5. Management

_ _ _ Finance is the life blood of every business and it
Getting things done by others requires propefis scarce resource as well. Effective utilization is
leadership and communication skills. Support ofrequired otherwise it will be like throwing our
management is necessary for every strategie§wn money. Procurement process plays a
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prominent role in cost saving of the organization.4.2.4. System Productivity

Most of the companies cost arises from purchase o
of materials. A slight variation in percent can The system productivity can be measured on the

make a huge difference in overall outcome. basis of emergency orders and staff training.
Monitoring  system  productivity  provides

Cost reduction should not be based on sourcingnanagers with the information of how well the
cheap price products. In that case, we have tgystem is functioning. System productivity can be
compromise the quality. Budget is limited and measured on the basis of emergency procurement;
effective contract utilization can reduce cost.number of emergency orders issued among total
(USAID, 2013) proposed effective contract purchase orders or contracts for a period of time.
utilization and product price variance as the twoHistorical data should be evaluated on the basis
main areas of cost related measurement towardglue and number or orders as well (USAID,
PPM. 2013).

4.2.2. Quality 4.2.5. Integrity

Quality is one of the core areas for PM. Especiallyintegrity of the system is one of the challenges for
automotive industries are in a path of improvinge-procurement. Corruption is easy to occur in
quality by eliminating waste. Suppliers also play aprocurement and sometimes it is not easy to
big role in contributing quality. Methodologies detect. Weakness in execution and monitoring are
like TQM, Lean and J-I-T are widely used in common. Structural failure is a reason for

automotive industries. The performance of procurement corruption. So the system should be
supplier should be monitored to ensure the qualityevaluated. It can be done by; transparent price
of products and services. Toyota is working withinformation; Measure is the procurement price
suppliers and measuring their performance tanformation available to public. The price

ensure the quality of their final products. Quality information for purchased unit should be

effectiveness can be measured on the basis dfansparent and easily accessible. It helps to
supplier performance and expiration managementscrutiny the procurement result. If information is

measure in value the amount of expired productsiot fully available check the reason and make
or obsolete goods that are produced and not usatkcessary action to get it available. Transparent
for the production (USAID, 2013). Tendering; Measure the competitiveness in the
tendering process. Tendering process promote
procurement process. Performance can be

A ; ; m rin | order r ntr
Automotive industries are in a movement toward _assessed by measuring total orders or contracts

reducing lead time and cycle time towards'CS:zlrfdet%?vecr?g;ze“grveeatgzs'S'ef?ggz\r;::]ézgal i?\ rd?{;
achieving competitiveness. Timeliness can b

measured on the basis of procurement cycle time?'OCess (USAID, 2013).
identify the key transactions in procurement cycle 5. Validation of the Proposed Model
such as, requisition, bidding process, approval. =

For better Process, review previous 12 months]. his Section describes the validation of the
data. Determine time required for each stage o roposed model using classical AHP and fuzzy

transactions and take the average of that. SE{pp The data collected from the questionnaire

standard t'Te for _each proceits. rAnOth?r:survey has converted in to geometric mean to
measurement - aréa 1S procurément Processing e q e the pair wise comparison of each

time; Check the payment system. Whether is ther%riterion. Among the responses from the
any delay in the processing of payments? Chele‘eedback, all the participants agreed with the

supplier payments are on time or not ac_cording Qnodel. As different participants have different
the contract. This may help to negotiate more

f bl . Both of th opinion about each criterion. A geometrical mean
avourable price. Both of the measurement areay, 1o is used to convert the different Judgments
are proposed by (USAID, 2013).

in to one figure for each criteria and sub-criteria.

4.2.3. Timeliness



The following formula is used to calculate the more important towards the goal of procurement

geometric mean. PM.
Geometric mean= [ (x) (). o] o

x = Individual weight of each judgement Figure 3 and 4 show the relative importance of
n = Sample size (number of judgment) each  sub-criterion under efficiency and

AHP uses a scale indicating one element ovefffectiveness towards the PPM. It gives an

another with respect to higher level element. Theinderstanding of the relative importance of each
scale of relative importance is shown in table 2. sub-criterion towards main criteria and towards

the main goal.
Table2. Scale of Relative Importance, Source (Saaty T., 2008)
Intensity of o Getting things done by others is not an easy
Irr?petl)?tlz;/nece Definition process as management definitidtis a rising
issue of procurement process to reduce inventory
1 Equal importance avoid non-value added activities. Proper planning
3 Moderate importance by management can help to achieve the results.
5 Essential or Strong importance Supplier Selection Procedures and Policies ranked
7 Demonstrated importance the second position in the efficiency measures.
9 Extreme importance .
Intermediate values between tha The result shows the role or importance of
Reciprocal of | If an activity has one of the above
: E-procurement system measurement ranked more
above non-zerg numbers compared with a secon . . ..
.. : than supplier selection policies and procedures. It
numbers activity has the reciprocal value illustrates that t t soluti
when compared to the first illustrates that an accurate e-procurement solution
simplifies the supplier selection criteria and

anagement effort can be reduced through that.
-procurement can bring globalization to the
usiness.

The comparisons are performed for all element
in a level with respect to all elements in the Ievelb
above. Following are the results obtained from

pair-wise comparisons from AHP. On the other hand, the quality is the most
important factor under effectiveness. Automotive
5.1. Efficiency and Effectiveness industries are in a movement towards improving

o _ _ quality; there cost has the least priority. The
Efficiency and effectiveness are the main tworesylts states that a firm should not compromise
dimensions of PPM. Participants of the on quality. Quality of service and product is
questionnaire were asked to give a weight amongmportant for procurement development, where
these two main criteria. The question asked wasgystem productivity ranked as second priority.
while comparing these two main criteria towardspeasuring  enployee’s  performance  and
main goal of procurement performance, what ismonitoring them will enable smooth procurement
the degree of importance between each criterion?process. Getting knows what to do and how to do
Jequires proper training. Reducing lead time is a
rchaIIenging issue in automotive industry,
Timeliness measures thus ranked as third priority.

From the collected data, it is once again prove
that strategic measures or efficiency measures a
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Priorities with respect to:
Goal: Procurement Performance Measurement
>Efficiency

Management
Supplier Selection Policies and Procedures
E-Procurement
Stakeholders
Sustainable Procurement
Inconsistency = 0.07
with 0 missing judgments.

Figure3. Priority of Efficiency Measures with respect to: Goal: Procurement Performance Measurement

Priorities with respect to:
Goal: Procurement Performance Measurement
>Effectiveness

Quality
System Productivity
Timeliness
Integrity
Cost
Inconsistency = 0.05
with 0 missing judgments.

Figured. Priority of Effectiveness Measures with respect to: Goal: Procurement Performance Measurement

5.2. Synthesis less to be acceptable. In some cases 20 percent

. . may be tolerated but never more (Sharma and
A synthesis analysis has been done to understanghagwat, 2007).

the relative importance of all criteria towards the

goal, PPM. The synthesis analysis not only shows

the relative importance of the criteria. It also _ ) ) _
shows the consistency of the entire model. Figurd Ne overall inconsistency is 0.06 that is 6%.
5 shows the summary of the criteria’s priority with According to Professor Saaty the inconsistency

measure is useful for identifying possible errors inlevel of accuracy of the model. Moreover, this
judgements as well as inconsistencies in thdepresents the level consistency in the

judgment themselves. Inconsistency measures thg°mparisons and the validity of the model.
logical inconsistency of the model. Priorities are synthesized by multiplying local
priorities by the priority of their corresponding

The inconsistency ratio should be less than 0.1 ocriterion in the level above and adding them for
so to be considered reasonably consistent. Theach element in a level according to the criteria it
value of the ratio should be around 10 percent ogffects.
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Synthesis with respect to:
Goal: Procurement Performance Measurement

Overall Inconsistency = .06

Master Production Schedule .183
Supplier Relationship .123
Supplier Performance .084
Reliability .082
Customer Feedback .061
Accuracy in Forecasting .061
Staff Training .057
Accuracy .041
Supplier Base .041
Procurement Cycle Time .041
Waste/Toxic Emission .034
Transparent Tendering .033
Expiration Manegement .028
Effective Contract Utilization .025
Payment Processing Time .021
Inventory Turnover .020
Emergency Procurement .019
Energy Consumption .017
Transparent Price Information .017
Product Price Variance .013

Figure5. Synthesis with respect to: Goal: Procurement Performance Measurement

5.3. Fuzzy AHP calculation rows and columns to find out the synthetic value

of each criterionFollowing equation is used to

The triangular fuzzy scale represented in thecgicylate the sum of each rows and columns
methodology is used for the matrix creation. ONCe(,, m,, u,) @ (L, my, uy)= (I + Ly, my + My, 1wy + ).

the matrix is prepared for comparison and

consider if(1, m, u) is the importance of the sub- Once the sum of each rows and columss
criteria  Sustainable procurement over E-obtained, the next step is to find out the synthetic

procurement then the importance of the sub-value extend. The sum of all rows and columns of
criteria E-Procurement over sustainableall criteria is shown in Table 4. The synthetic

procurement will bgl, m, u)~! as shown in table extend of all criteria can be obtained by dividing

3. Table 3 shows conversion of all judgementslower bound of every row with the higher bound
under efficiency in to TFNSs. of sum of columns sum, middle bound of row

with sum of columns sum and higher bound of the
Once the entire matrix is created based on thgows sum by lower bound of the sum of column
TFN, the next step is to calculate the sum of eaclyum.

Table3. Fuzzy Comparisons Matrices at Sub-criteria level (Efficiency)

Sub-criteria Sustainable SS:IFe)I(J:!tIiz;
(Efficiency E-Procurement| Stakeholders . Management
Procurement Policies and
level)
Procedures
Sustainable
Procurement (1,1,1) (1/5,1/3,1/1) (1/4,1/2,1/1) (1/5,1/3,1/1) (1/6,1/4,1/2)
E-Procurement (1,3,5) 1,1,1) 1,2,4) (1/5,1/3,1/1) (1/4,1/2,1/1)
Stakeholders (1,2,4) (1/4,1/2,1/1) (1,1,1) (1/4,1/2,1/1) (1/4,1/2,1/1)
Supplier
Selection 1,35 1,35 1,2,4 111 1/5,1/3,1/1
Policies and (1.3.5) (1,3.5) 1.2,4) (1,1,1) (1/5,1/3,1/1)
Procedures
Management (2,4,6) (1,2,4) (1,2,4) (1,3,5) (1,11
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Table4. Sum of Rows and Columns based on different Criteria

Criteria Rows Sum Column Sum
Sustainable Procurement (Ss- (1.81,2.41,4.5) (6,13,21)
E-ProcurementE-Pro) (3.45,6.83,12) (3.45,6.83,12)
Stakeholders (Stakid) (2.7,4.5,8) (4.25,7.5,14)
Supplier Selection (Suf) (4.2,9.33,16) (2.65,5.16,9)
Management (Man) (6,12,20) (1.86,2.58,4.5)
Sum of Column Sum (18.21,35.07,60.5)

Once synthetic extend is determined the degree d¥lean value of Sustainable procurement is not
possibility of fuzzy number/synthetic value greater than mean value of E-Procurement and

obtained to be greater than other can determinetpwer bound of E-Procurement is not greater than
by following equation$7-10). upper bound of Sustainable procurement then,

Synthetic value obtained for all sub-criteria are
shown below.

V(SSustainable = SE—Procurement)

Synthesis (lE—Pro_uSus—P)
(mSus—P - uSus—P) - (mE—Pro - lE—Pro)

1.81 241 4.5]

S 1 [ ) )
Sustainable procurement | 6 5’35 07" 18.21 V (Ssustinable = SE-Procurement)

= (0.0299,0.0687,0.2471
( ) (0.0570 — 0.2471)

SE- procurement - (0.0687 — 0.2471) — (0.1947 — 0.0570)

= [3 45 683 ] 0.0570,0.1947,0.6589
= 505'35.07 1821l ) = 0.60
Sstakehold
tf;7o erZ 5 ] V(SSustainable Procurement = SStakeholders)
0.0446,0.1283,0.4393
60.5"35.07°18.21 ( ) Mean value of Sustainable procurement is not

Se _ greater than mean value of Stakeholders and
Supplier Selection lower bound of Stakeholders is not greater than

— [64025 3953037 T 21] (0.0694,0.2660,0.8786) upper bound of Sustainable procurement then,
SM . V(SSustainable = SStakeholders)
anagemen
12

(0.0991,0.3421,1.0982) 3 (Istake—H—Usus—p)

~ 1605’35.07’18.21
(mSus—P - uSus—P) - (mStake—H - lStake—H)

Comparison 05'Sustainable Procurement with other
_ (0.0446 — 0.2471)
~ (0.0687 — 0.2471) — (0.1283 — 0.0446)

synthetic values;

V(SSustainable Procurement = SE—Procurement) 0
= 0.77



V(SSustainable = SSupplier Selection) WSustainable = 0-35/3-66

Mean value of Sustainable procurement is not = 0.09
greater than mean value of Supplier Selection W — 0.22
Policies and Procedures and lower bound of E-Procurement — V-

Supplier Selection Policies and Procedures is not
greater than upper bound of Sustainable
procurement then, Wsupptier setection = 0.25

Wstakenotders = 0.17

(lSup—S_uSus—P) WManagement =0.27

(mSus—P - uSus—P) - (mSup— S lSup— S) T
Wefficiency = ( 0.09,0.22,0.17,0.25,0.27)

(0.0694 — 0.2471) By following the same step the weights of each

= 0.47 6. Results and discussions

Both the classical AHP and fuzzy-AHP result
show efficiency measures are more important
Mean value of Sustainable procurement is notowards the goal, PPM. In the sub-criteria level,
greater than mean value of Management andnanagement (0.27) perceived to be the most
lower bound of Management is not greater thanmportant criterion followed by quality (0.26),
upper bound of Sustainable procurement then,  supplier selection (0.25) and system productivity
(0.23). It reveals that the performance measures
V(SSustainable 2 SManagement) related to management have been considered to be
the most important. Whereas, the measures related
to sustainable procurement have been related the
least criterion. It is important that performance
measures below efficiency (0.67) have been
(0.0991 — 0.2471) |Ioreferred over the same below effectiveness level.
t shows that strategic decisions have more
(0.0687 — 0.2471) — (0.3421 — 0.0991) importance than operational decisions. It also
— 035 suggests that customer feedback and supplier
' performance have an impact on turnover. The

Compare all the synthesis values under efficiencylocal weights of all sub-criteria as shown in figure
Here the minimum value of each element is takerf and 7 are obtained by multiplying the local
in to account and the sum of each element aréveights of all sub-criteria with main criteria.

divided by the sum of the column will give the According to global weights obtained from fuzzy
priority of that element in the level. Then the AHP the final rankings are almost same as

normalized value can be obtained as per equatioflassical AHP. Fuzzy AHP helps to deal with
(12). uncertain judgement while classical AHP fails to

_ _ deal with it. The results are justified, as the major
Most importantly the sum of all elements in level objectives of the procurement process is to focus
should be one. Weight vector is based on thexn the strategic decisions related to procurement

V(SSustainable = SManagement)

_ (lMan_uSus—P)
(Msys—p — Usys—p) — (Mpman — Iman)

above equation. more over operational issues. The results also
, r gives a picture about a well accurate e-
W =(035,079,061,091,1) procurement solution can reduce supplier base by

creating a strong relationship with existing

As per equation (12) by normalizing the above . i )
suppliers and by measuring their performance.

value the weights can obtain as follows
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Efficiency 0.67 Sustainable
Procurement

9%

Management
27%_\

E-Procurement
22%

Supplier Selection
Policies and Stakeholders
Procedures 17%

25%

Figure6. Local weight of sub-criteria (Efficiency)

Effectiveness 0.33

Cost
Quality 12%
26%
Integrity
18%
System ;;2/(1 uctivity Timeliness
? 21%

Figure?7. Local weight of sub-criteria (Effectiveness)

So focusing on internal as well as externalratio. As fuzzy AHP taken in to account a set of
functions could be crucial for procurement value (TFN) rather than a single value, the
process anijn organization. prioritization will be more certain. It is noticeably

o ) ) that the global fuzzy weights (figure 8) shows that
Pair-wise comparison values might vary based oy gjight difference in importance of elements in

the company situation and policies. For examplesach criteria with respect to classical AHP.
some companies concentrate more  on

effectiveness measures than efficiency measureSimilarly table 5 shows the comparison between
Sensitivity analysis can be used to check how théocal weights derived each methodology. As per
priority of one factor related to another. By the tables efficiency is the most important main
Sensitivity analysis, a decision maker can easilycriteria and management is the most important
evaluate the changes. criteria under efficiency level. Likewise quality is

) ) . . the most preferable measurement area under
Finally, there is a slight difference between gffectiveness.

classical AHP prioritization ratio and fuzzy AHP



6.1. Sensitivity Analysis For example, as shown in figure 9, according to
the actual results, management is the most
Sensitivity analysis helps a decision maker tOjmportant sub-criteria and master production
understand the sensitivity of alternatives with gchedule is the important sub-sub-criteria towards
respect to all objectives below the goal (Expertprocurement performance measurement. The
Choice, 2002). The importance or role of criteria or importance of factors are a function of
procurement varies from companies to compani€gme. Through sensitivity analysis a decision
and region to region. Implementation of maker can check what-if sustainable procurement
sensitivity analysis to such decision makinggas the most important sub-criteria and how the
processes is essential to ensure the consistency Bﬁority of other factors would change. As shown
final decision and different scenarios can bej, figure 10 waste/toxic emission and energy
visualized which are supportive to observe theconsumption reduction will be the most important
impact of changing on criteria to final alternative gyb.sub- criteria and stakeholders will be the least
rank (Syamsuddin, 2013). By this way the jmportant sub-criteria. This will enable a decision
decision maker can observe how the priorities ofaker to examine what if scenario and arrive to
alternatives would change. the best combination that suit the company’s
strategic objectives

@ Global weight of sub-sub-criteria towards the goal
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Figure8. Global weight of sub-sub-criteria towards the goal: Procurement Performance Measurement
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Table5. Comparison between classical AHP and fuzzy AHP results

Main Criteria Sub-Criteria FuzzyAHP Classical AHP
Effi Sustainable Procurement 0.09 0.07
cie E-Procurement 0.22 0.17
ncy Stakeholders 0.17 0.13

Supplier Selection Policies 0.25 0.25

and Procedures

Management 0.27 0.38

m Cost 0.12 0.10
=1 Quality 0.26 0.35
%- Timeliness 0.21 0.17
CDD System Productivity 0.23 0.24
§ Integrity 0.18 0.14

Obi% Altx

1-40 T

|__| L Accuracy in

Supplier Base
Wi

. E-Procuremen Supplier Sel OVERALL
Sustainable Stakeholders Management (

Figure 9 Sensitivity analysis actual results
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Figure 10 Sensitivity analysis new results

7. Conclusion, contribution to knowledge,
limitations and further research

scenario. An efficient and effective measurement
can create improvement in the process and thus
competitiveness can be achieved. In this study the
criteria for procurement performance
measurement have been decided based on current
business scenario and expertise's judgments in this
field. Considering the imprecise judgement facing
by decision makers from classical AHP
methodology a fuzzy AHP methodology also been
used in this study to attain more crisp priority
from each level of judgement for measurement
depending on their criticality. The global ranking
of the elements is performed by using FAHP and
the validation is carried out by consistency check
with AHP.

This study contributes to procurement
performance measurement in automotive industry
and manufacturing industry in general. The
Proposed model is a comprehensible,
comprehensive and balanced providing insights
into prioritise criteria  under efficiency and

effectiveness level. The model highlights the
relative importance of each element with respect
to the upper level. The implementation of the
proposed model would have significant positive
impact on the future procurement practice in

Measuring procurement performance is one of the, ;;omotive industry by focusing on the most
challenging issues in today's competitive businesSyyitica| areas to attain competitive advantages.



FAHP sensitivity analysis helps to understandnetwork’, Journal of Purchasing and Supply

how the changes in priority of one criterion affect mManagement, vol. 18, no. 4, pp. 207-217.

another. Through this the decision maker can

make decisions according to changing situation. ICips (2005). ‘The Definition of Procuremnet’,. [online].
needs lot of calculation and will consume morelLast accessed 11 March 2014 at:

Fime- For t_hat purpose this mOde|_ can behttp://www.cips.org/Documents/CIPSAWhitePapers/
integrated with programming language like Visual ;o06/pefinition of Procurement.pdf

Basic. During the data collection and
questionnaire stage, academics and industrialistsroom, S.R. (2005) ‘The impact of e-business on
were inVO'Ved’ an_d_ final mOde_I was de\/elope_dsupply chain management: an empirical study of key
based on t,helr Opl,nlon_s collectively. However, ,'t developments’, International Journal of Operations &
would be interesting in the future to take this
study in to different direction and study the
difference  between both academics and
industrialists opinion and explore what this might

Production Management, vol. 25, no. 1, pp. 55-73.

Expert choice (2002). Advanced Decision Support

lead to in terms of criteria and sub-criteria and th

structure of the model as a whole.
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