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Abstract

Purpose — Many researchers have stressed the importance of using the right measures and metrics
to manage a supply chain efficiently and effectively and have developed them from different
perspectives. The basic purpose of this paper is to consolidate the measures and metrics that have
been developed so far, verify the relevance of these measures from the practitioners, produce a usable
list with proper classification (database), and demonstrate the use of this database through a case
study.

Design/methodology/approach — An initial list of metrics and measures is consolidated after
analyzing the literature (journals and books) and web sites that deal with supply chains and
conducting interviews with industry practitioners. A questionnaire is designed with these measures
and metrics and is sent to 300 companies within the electronics industry in Malaysia to obtain
feedback from the industry practitioners about the relevance of these measures. A case study is
conducted with an electronics manufacturing company to demonstrate the use of the database to
identify relevant measures and metrics.

Findings — About 838 performance measures form the initial list. From these, the practitioners
consider 159 important and very important measures and 135 are in use in the industry. The entire list
of measures is classified into the following metrics: Fund flow, Internal process flow, Material flow,
Sales and services flow, Information flow, and Partner evaluation. These metrics are further classified
into different groups of measures using confirmatory factor analysis.

Research limitations/implications — Only the industry practitioners from electronics industry in
Malaysia participate in the study to identify the relevant measures and metrics.

Originality/value — The paper will be valuable to the academicians and practitioners working to
develop measures and metrics for manufacturing supply chains.

Keywords Supply chain management, Electronics industry, Performance measures, Consolidation,
Emerald Malaysia
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and Pohlen, 2001; Neely et al, 2005). According to Melynk et al. (2004), metrics and  Consolidation of
measures provide essential links between strategy, execution, and ultimate value performance
creation. In this study, we treat the terms measure and metric differently. We define
measure as a more objective or concrete attribute that is observed and measured and
metric as an abstract, higher-level latent attribute that can have many measures. There
are several factors that have contributed to the requirement for measures and metrics
to manage a supply chain which: 661

+ need to go beyond internal measures and metrics and look at the supply chain as
a whole;

measures

* need to link the supply chain performance and corporate objectives;
+ need to expand “line of sight” within the supply chain;

+ need to allocate benefits and shift burdens resulting from functional shifts within
the supply chain;

+ need to encourage co-operative behavior within the supply chain;

+ need to enhance motivation, improve communication, and diagnose problems
within the supply chain; and

* need to improve the performance of the supply chain and thus provide
competitive advantage (Chan and Qi, 2003; Lambert and Pohlen, 2001).

In the last decade, much has been written about:

+ the need to have a balanced approach in developing supply chain metrics
(Beamon, 1999; Gunasekaran ef al., 2001; Kaplan and Norton, 1992; Lambert and
Pohlen, 2001);

+ different types of performance measurement system (PMS) and the barriers in
implementing a performance measurement system (Cooper, 1997; Neely et al.
2005);

* the need to align supply chain metrics with strategic objectives (Adams ef al,
1995; Eccles, 1991; Holmberg, 1997; Hausman, 2002);

+ the need for the metrics to cover the entire supply chain (Lambert and Pohlen,
2001; Lee and Billington, 1992); and

+ the need to have a few relevant supply chain metrics rather than many irrelevant
metrics (Melnyk and Stewart, 2002).

A few papers (Beamon, 1998, 1999; Bhagwat and Sharma, 2007; Chan and Qi, 2003;
Gunasekaran et al., 2001; Holmberg, 2000; Lambert and Pohlen, 2001; Narasimhan and
Jayaram, 1998; Neely ef al, 2005, Van Hoek, 1998) have specifically dealt with
performance measures for a supply chain. The researchers have continued to build
measures and metrics from different perspectives. After analyzing the literature on
supply-chain performance measures and metrics, we have three basic questions:

(1) How many such measures and metrics exist? In this research, we have
consolidated the supply chain measures and metrics that are available in the
literature, irrespective of the industry.

(2) How many of these measure and metrics are actually perceived important and
used by the mangers? Do all the supply chain members perceive the importance
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JEIM and usage of measures in the same way? At this point, it is worth noting that
226 measures and metrics can _be different fpr different indgstries ar_ld even within
’ an industry, they can be different for different companies. In this research, we
have chosen only one industry, electronics industry in Malaysia, to study the

importance and usage.

(3) How can a company identify the relevant measures and metrics to be used? To
662 address this question we have conducted a case study with an electronics
manufacturing company.

The answers to these questions are important for many reasons. First, the consolidated
list can give an idea about the supply chain metrics and measures that have been
developed so far by researchers and practitioners. Second, it is important to assess the
relevance of these measures to the practitioners. Measures that do not have any
practical value must be discarded and future efforts to develop measures must take
into account the practical relevance. Third, the academicians and practitioners can use
the consolidated list of measures with proper classification as a database. This
database can become a “ready reference” while developing measures and metrics for a
supply chain. Academicians and practitioners from Electronics Industry can use the
validated list developed in this study. Fourth, the managers need to have a database to
identify relevant measures and metrics to ensure that a firm’s supply chain strategic
objectives are met.

The organization of this paper is as follows. Section 2 briefly describes the evolution
of performance measurement research and the framework for classifying the
consolidated measures. Section 3 describes the methodology for the study. Section 4
reports analysis based on Part One of the questionnaire. Section 5 discusses the
analysis based on Part Two of the questionnaire and the validation procedure to
identify the “important” measures from the consolidated list. Section 6 discusses the
case study. Section 7 discusses the results of the study. Conclusions and limitations are
presented in Section 8. Finally, lessons learnt are given in Section 9.

2. Evolution of performance measurement research

Research in the area of performance measurement started as early as 1978 and to date
about 1,352 papers have been published (Neely, 2005). According to Neely (2005), only
ten out of these papers have been cited more frequently (Banker et al., 2000; Charnes
et al., 1978; Dixon ef al., 1990; Eccles, 1991; Lynch and Cross, 1995; Kaplan and Norton,
1992, 1993, 1996; Neely et al, 1995). The evolutionary cycle in performance
management research can be categorized into five phases: problem identification,
proposed frameworks, method of application, empirical investigation, and theoretical
verification (Neely, 2005). The research in 1980s dominated the problem identification
phase. During this phase, the researchers studied the problems associated with
performance measurement systems, especially, short-term nature of measurement and
its impact on competitive advantage. The researchers in early 1990s concentrated on
developing frameworks to overcome problems with measurement systems. A notable
contribution during this phase was balanced scorecard by Kaplan and Norton (1992).
The approach was intuitively and logically appealing to the researchers and
practitioners. They were very enthusiastic to implement the approach. This “methods
of application” dominated the research in late 1990s. Many companies started
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implementing the balanced scorecard approach and this helped the researchers to
study the impact of implementation through empirical investigation (Banker ef al,
2000; Neely et al., 2005). Many companies failed to realize significant benefits through
implementing balanced scorecard approach and had problems in designing and
deploying strategy maps that are a basic requirement. These problems made the
researchers to question the static and linear assumptions of strategy maps (Brignall,
2002). The researchers have now gone to the “drawing board” to design and develop
measurement systems:

+ that are dynamic and that focus on enterprise performance management instead
of performance measurement alone;

* that can measure performance across entire supply chain;
+ that can measure the performance of intangible and tangible assets;
« that are flexible to cope with organizational changes; and

+ that are “forward looking” and that can help assess the potential of the company
to succeed in the future (Neely, 2005).

Bhagwat and Sharma (2007) have developed performance measures for supply chain
based on the balanced scorecard approach. It is sad to note that after the balanced
scorecard approach, there has been no significant contribution. Therefore, research in
performance measurement holds a promising future and much is required to be done.
Organizations that implement any form of PMS can use the consolidated list developed
in this research to come up with appropriate performance measures. While a group of
researchers concentrated on the PMSs, another group of researchers worked on
developing specific performance measures for the supply chains (Beamon, 1998, 1999;
Chan and Qi, 2003; Gunasekaran et al., 2001; Holmberg, 2000; Lambert and Pohlen,
2001; Narasimhan and Jayaram, 1998; Neely et al., 2005; Van Hoek, 1998).

2.1 Toward a framework for classifying the consolidated performance measures

Supply chain management (SCM), analysis, and improvement are becoming
increasingly important to meet the challenges of an increasingly competitive and
dynamic environment (Cousins et al, 2008). Performance measures are critical to
achieve these tasks. According to Gunasekaran ef al (2001, p. 85), performance
measures in a supply chain are required “to streamline the flow of material,
information, and cash, simplify the decision-making procedures, and eliminate
non-value adding activities”. Many researchers have utilized different frameworks to
develop performance measures. Table I provides the list of different frameworks used
by the researchers to develop performance measures. In this research, we consolidate
the performance measures that have already been developed by various researchers. A
consolidation without proper classification does not add value to the practitioners.
Before discussing the classification scheme, it is useful to define what a supply chain is.
A supply chain is a network of firms that includes material suppliers, production
facilities, distribution services, and customers linked together via the flows of
materials, information, and funds (Gunasekaran et al, 2001). Figure 1 illustrates a
supply chain with different flows. Since a supply chain can be visualized as a network
of flows, we propose a framework that is an extension of the framework proposed by
Dixon et al. (1990). This has been done so that the performance measures can be

Consolidation of
performance
measures

663

www.man



c
S
€

(ponurguod)
PISSNOSIP 10U S9NSBI[\  $S900.d Jusw[[InJ IPI)
JuoWRSRURW
PISSNOSIP 10U SAINSBIA! diysuonyerar mrddng
JuoWRSRURW
1002 ‘Uayod pue jequie] PIsSNOSIP 10U S.NSBIN[ diysuone[aI 19uWoisny)
SPO0S PAWINJY ‘DOUBJSISSE [BIIUYID ], ‘UONIBJSIILS JDW0)sn)) ‘Surjel Ayenb
Jopud A ‘Ayrpenb punoquy 9800 WeISAS AN[eNY) YI0MY ‘AI[IQRI[L SUIYIRA ‘S9Insest HJS oueuLiopad Aifendy
W} INO-SUIALIBD J9PI() ‘IOA0-UIN} AIOJUSAU]
‘Quur) 9AOJA] ‘Oun) JIeAL ‘Oun) dnjeg Ouil) UNI PIEpuUR)G ‘Quil} Pea] SULIMIOBINURIA ‘A[IGRI[aT QoueuLIOfRd
Jorjddng ‘awn) pesy Jerjddng ‘Afiqeral ARAIR( ‘SWI) Ped UoNNLIS(] I93IBW 0} SWIL], SWI) [BUIIXS PUB [RUIU]
Ayanonpoid

pappe anfeA ‘Ayianonpod [ejded Sujiop ‘Ayanonpoid Jogef 309apuy ‘Ayanonpoid
rended paxiy ‘Ayanonpoid Joqe] 391 ‘A)anonpoid [BJ0], ‘TPAI] JIM PUB AIOJUdAU]
100Z ‘Bryouo], pue woJ, 3(J ‘uondwmnsuod [eL}eW AIDUIYORA 1S00 ASI0U9 AISUIYIRJA 9S00 J0GRT IS0 [RLIDIBIA! QoueuLIoLRd 1500
1800 So1SLSO[
AW} MOJJ YSBD [BI0], ‘IS0 AIOJUSAUI [BJO], ‘TOY PUR SJOSSE 1M PIJRIOSSE JS0))  pue dueul ureyd Ajddng
0IAIBS Jo uondedred uoroejses
I9WOISND ‘9OTAISS JOWIOISND JO SAINSEA UON)IBSURI) JS0 ‘Owl) A1onb 1awoisny ‘AIqrxal,] PUB DIAIIS ISWO)SN))
) pea] AIBAIR(] 1800
UOLN(LISIP [BJO], ‘SPIaU ISWIOISND J99Ul 0} SWISAS AIDAI[PP JO ANIQIXD[,] ‘PIOIOAUL SA)0U
SSO[I[NEJ JO ICUINY ‘OWL} Pe9] [[J IOPI() DIep JUWII0D-0)-AIDAID(] ‘BIBP 1S9NDaI-01-AIDAIS(] ouruLIOLRd ATOATR(]
‘uoneziun Ayoede)) ‘sanbruyds) SUINPIYDS JO SSIUIAIIIRIA ‘SIIAIRS pue sjonpoid Jo aguey JLIJW [9A3] UOLINPOI]
paajoaur st sa1jddns yorym Je a8e)s pue Ajus 9y [, ‘SHO0Je SUIAJOS
waqoId Ul 90UB)ISISSE [BNINW JO JUa)X3] ‘Adienb pasoxdwr 01 Surpes] uoneiado-0d [enjnuu
JO JU9)X? ‘SOATJRIIUT SUIABRS }S0D JOPUSA-I9ANG ‘SULIRYS UOIJRULIOUI JO 99139p pue [9Ad]  diysmsulred ureyd Ajddng
(100g) 77 72 ueIesPSEUNL) yred I9pIo IJ9WOISN)) 9w} Pes[ Jopi()  SaNpPadoid I9pIo pauue|]
Aqrxep 1onpoid maN “ANTIqrXeY XA ‘A APAI ‘A SWM[OA e
syure[dwod Jewoisny) ‘s10.400 Surddiyg ‘ouin) ped] aseIoAy ‘Owil) asuodsax
JBWOISNY) ‘SINOYI0]S JO QU ‘SIOPIosIR] Jo Joquny ‘Aiqeqord noxd01S el [[1]
‘paonpold s)un Jo JqUINy QW) U0 PAIIAILDP SI9PIO JO Joquuny ‘90npoid 0} paimbalawl],  SSaUaAISUOdSAI I9WOISNY)
104 Amqeigord
(8661) uowreayg 1500 AI0JUSAUI 1S00 SULINJOBJNUBW }S00 UONNLIISIP 1S00 [BI0], ureyo Aiddns ur 3500

9.0 9INSEIA RJREE) V]

Sources used to
consolidate existing
performance measures

JEIM
22,6
664
Table 1.




G .
o m 8 % o
S 5 © G

S E =
S «m L

SRR

—

g &
o
Q
&)
(ponurguod)
PISSNOSIP J0U SaNSea]\  uoneisajul ureyd Ajddng
PISSNOSIP 10U SOMSBIA IAIS JOWOISN))
(866T) JPOH UBA O3WY PISSNOSIP 10U SOMSBIA SSIUIATIONJ 1S0))
PISSNOSIP 10U SOMSBIN IAIG
PISSNOSIP 10U SOIMSBIA Aiqe[reay
PISSNOSIP 10U SIMSBIN 1800
PISSNOSIP 10U SOIMSBIA £rend)

0002 ‘339qu[o

PISSNOSIP 10U S.NSBIN]
Suwmy AI0)usAU]
A1ddns jo sAep A10jusAuy

a3duel 1onpoid

au) AAD YSeI-0)-Yyse) SIESN
S1S00 AJUBLIB A\
100 JusWRGeURW SONSLIO[ [BIO],
Ayanonpoid s9ko[dwe pappe-anfe 180D
ANIQIXap uononpoiq SSoURAISUOdsal
ssouaAIsuodsal ureyd Ajddng pue AIIqrxay,]
JUSTU[[[NJ JOPIO J09J10]
( OUWL} PE9[ JUSW[GIN] P10
spowt eI ([
J0OS) 7007 ‘12 NM:W:E oueuLiopd iozwm AN(IqeRIRI AISATD(]
PISSNOSIP 10U SOMSBIA uonezin
PISSNOSIP 10U SOMSBIN A)1AONPOIT
PISSNOSIP 10U SOMSBIA AMqrxay]
PISSNOSIP 10U SAIMSBIA AIqe[resy
PISSNOSIP 10U SOMSBIA Aqerey
PISSNOSIP 10U SOIMSBIA SSOUAATIOIJH
PISSNOSIP J0U SAMSBIN Ayqiqeden)
PISSNOSIP 10U SAINSBIA! fyoede)

€00¢ ‘1O Pue uey)

PaSSNISIP 10U SOMSELIN
PASSNISIP 10U SAIMSEBIA!
POSSNISIP 10U SAISEBIN

oun,

1500
PApPE 9N[BA JTOU0IF]

30.1n0g

QINSEBIN

JLIPIN

c
S
€




(ponurguod)

(7002) 2108y o118

(€002) ¥n£1us § unguog

(G66T) 11eMS

(1002) nseq uoy

(¥002)
ueIRypLIS pue Suednjeung

sjonpoid uo uoneuLIoNu] ‘SsaURaduwod dSury

I} VLD I9PIO [BIO],

Anuenb paddiyg ‘Aousnbaiy AIRAIPR(

SSOUNJULIBH ‘SSAUJI9.LI0)) ‘Ssauala[dwio)) ‘AJLrensay ‘Ajjenjound

Aqeof]

SWR)I SUIAOW JSBJ/MO]S JO IBqUINN N0 00IG ‘I9AOUIN) }00IS

eI AJLI9ASS JUIPIODY ‘ADUSIDYJD [QUUOSIO]

Joedwul JUSPIOOY QIR [[IJ SYONL],

UONBZI[[IN WN[OA ‘UonezIin deymg ‘Ayanonpoid juswdmbyy

Xopul UOLoeJses

A0rduwry ‘sayer waowm) dAo[dury ‘smoy] Surures) d3A0[dwy] ‘UONBIUSLIO JONIRIA
suonjeAouur $$001d Jo Iequuny ‘s1onpoid mau WOIf NUIAY

‘syonpoid mau Jo UISIe ‘s3onpoid mau Jo Jequmy ‘Ouir) 9[0Ad JuswdopAdp 3onpoid MaN
1800 ‘AJIATIONPOI] ‘SIRI 109J9( QW) 9[OAD UOLONPOIL]

sjure[dwod Jouwoisnd Jo wquny ‘Ainba puerq ‘Ajjenb

POAIDId] ‘UOIOBJSIIES JOUWI0ISNY) ‘UOIJUSIIT JOWOISN) ‘[9AJ] SI[BS JBIddy] ‘DIRYS J9NIBIA
VOY TOY VA nuasdy J5oid

Surpuejsino Jfes Jo sAe(] ‘A[ddns Jo sAep A1ojusAu]

1800 JUSWRFRURW J9PI() IS0 SONSISO] [BI0 ],

aun) (A dxeW ‘Dun) 924D ue[d-a1 ‘ANIQIXAY UOONPOI]

W) Ped[ [ JBPI() ‘93P JWW0I-0J-AIOAI[D(] ‘DJep 1S9NDbax 0} AAIR(]
PISSNOSIP 10U SOMSBIA

PISSNOSIP 10U SAIMSBIA

PISSNOSIP 10U SOMSBIN

PISSNOSIP 10U SOMSBIA

PISSNOSIP 10U SOMSBIN

SuIm) A10JUaAU] ‘S9[BS YOI YIMOID)

ANIQIXA[,] O[OAD YSBI-0)-USB)) ‘SSAUIAISUOASHY ‘AIRINOIE ISBIAIO]
SAep Ie[[op-AIojudAul ‘SAep Ie[jop-ndysnoy)

‘uonoeysies Jowolsnd ‘Ajifenb ‘A3oopea A1ojusaur ‘Aijiqe[ieAr 3onpoid ‘AIDAILP SWIl-U()

uonor JUPANIBIA
) pey|

suonipuod Ajddng
9IBD NIAIDS
Ao
Ayqiqe[rese A10judAU]
[PUUOSIDg

SJOSSE [RUIIXY
SJOSSE [RUIDU]
deWId

/IN3ND [BUOLIBZIURSI()

9A139ds1od uoreAOUU]
$9889001d [RUISIUT

9A139dsIod WOISNY)
9AnadsIad [eURUL]
JUSWSBURW JOSSY
1S00 SOUSIFO]
SSouRAISUOdsal

pue Aqrxal
oueuLIofRd ATOAIPR(]
[e3ded [enjoaqEIu]
oueuLIofRd JI0MIN
uonaduwod paseq-anfeA
JOWNSUOD 0] 1PMOJ
SNOOJ [RUIRIXY]
PIBII00S [B(O[5)
PII2100S JuswaAoduy

PIe22100s [euonesed()

30105

QINSEBI

RIRSE

JEIM
22,6
666

Table L.

c
S
€




R 3
S M © 2
S E =
a8} «m L
g 8
—
% &
o
Q
&)
(panurguod)
(S002) 77 12 1SIqNPN Aoy youne ‘LIS SWN[OA “AN[IGIXAY 1Npold A SULIIORINUBH]
Anqiqrxay ‘owry pes| uononpoid
800 uononpoid ‘AfIqer[al AIRAIRP ‘Paads AIDAIPP ‘S109J9p JuadIed ‘SWINaI JUad]  ddueuLIofd [euonerd(
uoneISAUI
PassnosIp 10N UOTRWLIOJUL UOLONPOI]
(2007) v 12 lexead(] PasSSNoSIp JON saniiqeded ssauisng-9
PasSSNISIp J0N oueULIOfRd AIAIPR(]
(L00g) uoyuag pue noyyz, PossnosIp J0N  wistweuAp ureyd Ajddng

PasSNISIp J0N
PasSNISIP 10N

1500 A10judAul [BI0], VO TOY
Uuonen[eAd 3duewIofRd AIRAIPRJ
SonbIuydd) SUIMNPIYIS JO SSOUIATIIR ‘UonjezInn Ajoeded ‘S901AIS pue sjnpoid Jo aguey

amsesw uondesuen jsod ‘Quny A1enb 1owoisnd ‘ANl

PassnosIp 10N

(2007) euLeyS pue jem3eyq red I9pIo J9WO0)SND ‘QuIl) Ped| IPJo ‘poyleul ANus IBpI()
sdrysuornjepa1 ureyo Ajddns jo wio] ‘sarousjduiod

[BUIRIUI JO UOUNALISI(] ‘SUDINOSINO JO JU)X3] JUsRSeuRW SUOneIdo Jo aamjeyN

(F002) v 12 19ISqAN AD0Y T0Y 924oidus 1od o1 9osojduws 1od safeg

[2A9] Ayrenb Surogino erddng ‘98ejusdred

PIRIA SS900.1J ‘Se.n[IB] P[AY JO JUSDINJ ‘SOLISAI[DP-IOPUSA 99IJ JO3J9P JO JUIDISJ ‘Syrun

JI0MII JO IBCUINY] ‘SAIN[IR] U3M]I( W) UBIJA ‘[9A9] A1jenb [eLejew Suroou] 98ejusdsad

(8661) 19ouadg pue Aweso| oner ssed 3811 ‘98ejusdrad ANA109RR( Yun Jod S109J9(] ‘SorIsIIeS Jure[dwod Jowoisn)
(200g) uosIyOINY pue SLLIB] wn 924D Ysed-01-yse))
A1MO9s B1B(] ‘SULIDPIO JO 3SBH ‘SSAuL)o[dtod IS oA\

JUSWRSRURUL SWIB[) ‘SI9PIO vy

9]B)S JUSWRdUBADE I9PI() ‘SIORIUOD JUSI[D JO I3CUINYN JUSWSRURW JUSWNIO(]

SuLreys uor)BULIOJU]
sonoead ureyd Addng
1500 J1SIT0[

pue soueuy ureyd Ajddng
JLIJOW PRI ATOAIR(]
OLIPW [9A9] UOLONPOL]
UoIORISIIES

PUR 90TAIOS IOWOISNY)
JLPW pajepal diysmulieg
S9Mpad0Id I9pI0 pauuR|J

UOISUSWIP [BIOUBUY-UON
UOTSUSWIP [BIOUBUL]

£eny
[SBI-0)-Uyse)
UOL)BULIOJUT-3
9)IAISS SI[BS BPYY
JUsUWRSBURW JOPI()

90.1N0S QINSEIA

RIRSE)

c
S
€




SjuBNSu0) pue sruonoeld Ansnpup
9)MNSU] JUSWDSBURJA] JSLSO] ‘PIRIAIOIS JUIUDINSEIN :DIURULIONID] UOLIBPUIUILIOINY Y JuswaSeury urey) A[ddng s310doy [0Ieasay UOIIBLISSSIP
(Ud — WOISAS JUSWLINSLIW 9URULIOLd JUIUDMNIOI] UISPNUY| [JIUR(] ‘UOIJBLBSSIP ([YJ — JUSWLRINSEIW dUuBULIOLRd YSNOoIy) UONRISAIUL UTRYD
A1ddng :31quijoy UeIS ‘SIIJV Aq papuny — Apnig A1ojeto[dxy uy :urey)) Ajddng pue SOLIS[A] UO S1I0ADI YIRSy AU Y U9AJ)G 1901108 1310

W3 XOpUIl/WOod WA MMM (O ZIQUOII MMM {/SM IS MMM {/SIO UTRUYOOJUI MMM U G TE/AT10)S/W0D SAWIT}
90IDUIOT MMM €87 =(]] P¢dSB'SIUIMUNIOP/WO0I IS MMM ZZTT=CI PR LV 1=[18:dSe SJuatnI0op,/wod190se mmm  Jpd-uByRUIA-IA/ZOUN[/S911,]
JAITR([PUIUOPUYISEJJU0)/SI0WdRU MMM fZ/ =[UN[0)¢dSe sutn|od/dse/Sutun|od/wod oM ALSNPUI MMM {SI[O11IR/SIO BIUI' MMM /W0 UTRYIYJOS
‘MMM 10 ureyd-Ajddns'mmm {uyuosnew/[BUmMol/wod wdy MMM :S9INSLIWw Pue SOLIaW ureyd A1ddns JoBI1X 0] PISSI00R 919M JBY} SIUSUI A :SIIIN0S

SSOUD)E[ ASRIDAR ‘SOLIDAIPP e[ JO Juadtad ‘Suin) ndysnody) ‘ouir) pes ARAIR( oueULIOLIRd AIAIPR(]

SWRAISAS [BUOI}BZIURSIO

UuoneuaLIo 110dxe ‘9seq A[ddns Jo yIpeaIq ‘UONBIIUIIUOD UL JONPOL] ureyo Ajddng

Aoeornur

(¥onpoud/syred) s[eLojew MBI JO YIpealy [edrsojouyod) ureyo Aiddng

(100g) 273N JOLI9 JSBIAI0J ‘S[eLIvjew Surodul Jo Aienb ‘smorjddns Aq AArpp aje]  Aurensoun ureyd Ajddng
901N0g 9INSBIN JLIBIA

JEIM
22,6
668
Table 1.

www.man




First/Second/final tier

@ . customers
@@ e —> $ i

Suppliers Manufacturer Distributor Customer

Information flow

assigned to the appropriate process flow where the supply chain managers can best
use them. We have classified the performance measures into the following metrics:

+ fund flow (cost and profitability);
« internal process flow (production level flexibility, order fulfillment, and quality);
+ material flow (inventory, internal time performance);

+ sales and services flow (delivery performance, customer responsiveness, and
customer satisfaction);

« information flow (information technology and systems, e-business initiatives);
and

 partner relationship process flow (supplier evaluation, sharing of information
with suppliers and customers).

3. Methodology
The methodology has been designed to address the three basic questions indicated in
Section 1. In this section, we provide a background of Malaysia’s electronics industry.

3.1 How many performance measures and metrics pertaining to supply chains exist?

To address the question, an initial list of metrics and measures was consolidated after
analyzing the literature (journals, dissertations, and books) and web sites that deal with
supply chains and conducting interviews with practitioners from the manufacturing
industry. The interviews with industry practitioners were done in two phases. In the first
phase, we compiled the performance measures in use in their organizations. Eight
experts (five senior managers from manufacturing and three senior managers from
consulting) were interviewed. The criteria used to select the experts were: willingness to
participate in the study and industry/consulting experience of more than ten years in
Logistics/SCM. The experts were from the following companies: Acer Computers,
Hitachi Manufacturing, Sony Corporation, HP/Compaq Computers, SCM Consulting, and
SAP Consulting. During the second phase, the experts were presented with an entire list

Consolidation of
performance
measures

669

Figure 1.

Illustration of
product/material,
information, and fund flow
across the supply chain
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JEIM of performance measures and were asked to identify the measures they considered

226 “useful” in a manufacturing-supply-chain environment. The list at this stage contained

’ 816 performance measures. The list did not contain specific measures pertaining to

e-business initiatives. A focus group discussion was conducted with experts (from the

companies mentioned earlier) in the field of e-supply chain to develop performance

measures for e-business initiatives. The group came up with 22 different performance

670 measures (Sambasivan ef al, 2009) making the total number to 838. This formed the

initial consolidated list. Table II gives a partial list of performance measures (interested

readers can contact the authors for a complete list). We classified these measures into the

metrics (Fund flow, Internal process flow, Material flow, Sales and services flow,

Information flow, and Partner evaluation) as described earlier. Out of these, about 33

percent were financial measures and the remaining 67 percent were non-financial
measures.

3.2 How many performance measures and metrics ave actually perceived important and
used by the managers?
To address this question, the list was presented to 26 experts from the electronics
industry (industry practitioners and consultants) to filter out the important measures.
After the filtering process, the number of measures in the list reduced from 838 to
“important” and “very important” 159. A questionnaire was developed with 159
measures to gauge the importance and frequency of use of these measures in the
industry. We adapted the performance management questionnaire (PMQ) developed
by Dixon et al. (1990). The questionnaire consisted of four sets one each for the
Supplier, Manufacturer, Distributor, and Customer. A respondent company (unit of
analysis) filled the set depending upon its role in a supply chain and a company was
allowed to fill multiple sets depending upon its role in different supply chains. The
questionnaire consisted of two parts. The first part gathered information about the
company’s goals and supply chain goals, competitiveness of the company, partnership
evaluation done by the company, and its e-business activities. The second part
gathered information about the measures related to material flow, information and
document flow, fund flow, internal process flow, and sales and service flow. The
“items” in the second part of the questionnaire were numerical values or perceptual
Likert scales. For each of the measures, the respondents were asked to rate the
importance of the measures on a five-point scale, ranging from “not very important” to
“very mmportant” and the frequency of use of the measures on a five-point scale,
ranging from “don’t know” to “annually”.

The target group for the questionnaire was supply chain managers from electronic
components manufacturing companies in Malaysia. The sampling frame consisted of
2,000 companies listed in:

« Federation of Malaysian Manufacturers’ Directory.
+ a list of Japanese businesses in Malaysia; and
* a list of e-business hosting companies.

We approached all the companies in the sampling frame and questionnaires were sent
to 300 companies that agreed to participate in the study.
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3.3 How can a company identify the relevant measures and metrics to be used? Consolidation of
After consolidating and validating the measures and metrics, we conducted a case performance
study with an electronics manufacturing company to address this question. The
company was presented with the validated list of measures and it identified the
relevant measures and metrics from the list based on its supply chain objectives.

measures

3.4 Some prefatory remarks on Malaysian electronics industry 673
The electronic industry is Malaysia’s main engine that powers country’s economy. In
2006, the industry contributed to 62 percent of manufactured exports of Malaysia
(Research Report, 2008). Malaysia is home to MNCs from the USA, Japan, Europe,
Taiwan, and Korea, manufacturing products ranging from semiconductor devices to
consumer and industrial electronics. Malaysia is one of the world’s largest exporters of
semiconductor devices and audio-visual equipments. The value of exports in 2007 was
more than US$ 50 billion. Leading companies in the electronics industry such as Intel,
Motorola, Agilent, AMD, National Semiconductor, Fairchild, Hitachi, NEC, Fujitsu,
Toshiba, Infineon and STMicroelectronics have operations in Malaysia (MIDA, 2004).

4. Analysis based on part one of the questionnaire

The basic purpose of this section is to understand the profile of the participating
companies, the importance of supply chain to these companies, and supply chain
activities performed by them.

4.1 Profile of the respondents

The questionnaire was sent to 300 electronics manufacturing companies in Malaysia.
Out of these, 150 questionnaires were returned (response rate = 50 percent) and only
120 questionnaires were usable. The respondent companies, based on their major
activity, were: manufacturers (40 percent), suppliers (30 percent), distributors (12
percent), and customers (18 percent). About 52 percent of the respondents performed
more than one supply chain activity. About 88 percent of the respondents were either
senior managers or managers of logistics function who had more than seven years of
experience. In terms of size of the respondent organizations, about 60 percent had more
than 500 employees and about 20 percent had between 100 to 500 employees.

4.2 Supply chain activities of the responding companies
This section of the questionnaire provides an understanding about the respondent
company’s supply chain objectives and strategies; supply chain performance
evaluation criteria; important supply chain initiatives undertaken by the respondent
companies; primary roles of supply chain in the next five years as seen by the
companies; and e-business activities undertaken by the respondent companies.

The supply-chain objectives of the respondent companies are given in the order of
importance are:

(1) minimizing costs (41 percent);

(2) mmproving service (25 percent);
(3) improving quality (18 percent); and
(4) supporting growth (16 percent).
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JEIM The top five supply chain performance evaluation criteria of the respondent companies are:
22,6 (1) inventory turnover (61.8 percent);

(2) cycle time (48 percent);

(3) fulfillment rates (20.2 percent);

(4) supply chain service (20.2 percent); and

(5) perfect order (14.6 percent).

= T =

674

=

The important supply chain initiatives undertaken by the various respondents are:
+ improving customer relations (31 percent);
« implementation of ERP (28 percent);
+ improving supplier relations (21 percent);
+ conducting cost reduction exercises (12 percent);
+ improving process design (7 percent); and
» consolidating the operations (1 percent).

The top five primary roles to be played by the supply chain in the next five years in the
respondent companies in the order of importance are:
(1) reducing costs (37.4 percent);

(2) improving service (30.9 percent);

@

)

) enabling flexibility (28.5 percent);

4)

) improving time to market (16.3 percent).

—

satisfying competitive requirements (20.3 percent); and

S

E-business activities undertaken by the respondent companies are given in Figure 2
and the scenario depicted is typical of any developing country. Some of the e-business
activities that are popular among the supply chain members are: EDI, PO management,

100 1943 @ Percentage
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Figure 2. & ((6\?‘0 o
E-activities undertaken by < < E-activities
the responding companies

Note: EDI — Electronic data interchange; JIT — just in time; FTP — file transfer protocol
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use of e-mail to exchange information, inventory visibility to all partners in the supply
chain, and e-forecast.

From the above discussions, it can be concluded that the respondent companies have
a reasonable background, in terms of supply chain objectives and practices, to
participate in this study and the data provided by them can be used for further analysis.

5. Analysis based on part two of the questionnaire

This section of the questionnaire captured the importance of the measures and the
extent of their usage in the electronics industry in Malaysia. The initial list of 838
measures was exhaustive and we went to the industry practitioners to identify the
measures that are important for measuring the performance in a supply chain
environment. Many industry practitioners refused to identify the relevant measures
since the list contained too many measures. We decided to “weed out” the less
important measures. We sent the questionnaire along with the list to 26 experts
(practitioners and consultants) who agreed to participate in the “weeding out”
operation and they came up with a list of 159 “important” and “very important”
measures. At this stage, the experts were required to only indicate a measure as
important or very important. Table III gives the 159 performance measures that came
out from the original list of 838 measures. A questionnaire was constructed with these
159 measures and was sent to 300 manufacturing companies in Malaysia. The
respondents were asked to indicate the importance and extent of usage. Table III gives
the perception of the respondents on the importance and the extent of usage (includes
frequent and infrequent use) of these measures.

According to more than 70 percent of the respondents, 135 measures (highlighted in
Table III) of the 159 measures were in use in the industries. However, the extent of
usage was observed to be low for measures under information and document flow. A
probable reason for this phenomenon could be that the companies were in the process
of implementing and using various e-business initiatives as shown in Figure 2. Of the
different metrics addressed in this section, all supply chain members were requested to
answer about the performance measures related to fund flow, material flow, and
information and document flow. Do all the supply chain members perceive the
importance and usage of measures in the same way? We performed ANOVA to test
this question. Based on the analysis, we observed the following: for measures under
material flow, there were no significant differences between the supply chain members
for the importance of measures (F-value = 0.4615, p-value = 0.71) but there were
significant differences for the usage of measures (F-value = 5.9, p-value = 0.001). On
further analysis, we found that the suppliers and the manufacturers were using the
measures more than the distributors and the customers; for measures under funds
flow, there were no significant differences between the supply chain members for the
importance of measures (F-value = 0.17, p-value = 0.92) and the usage of measures
(F-value = 1.23, p-value = 0.31). This result is not surprising as these measures are
prevalent among all the members in the supply chain; for measures under information
and document flow, there were significant differences between supply chain members
for the importance of measures (F-value = 6.5, p-value = 0.001) and the usage of
measures (F-value = 5.4, p-value = 0.009). On further analysis, we found that the
suppliers and manufacturers value the importance and therefore, use these measures
more than the distributors and customers. This outcome may be due to manufacturers

Consolidation of
performance
measures
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JEIM and suppliers implementing e-business initiatives in a big way when compared to

226 distributors and customers. The main differences between these groups are in

’ efficiency improvement measures e-response measures. Table III indicates the

perception of the different supply chain members (customers, distributors,

manufacturers, and suppliers) about the importance of different measures and metrics.

As indicated earlier, we extended the classification scheme for metrics as proposed

676 by Dixon ef al. (1990) and a pertinent question at this point is: Is the scheme valid? We

addressed this question by using confirmatory factor analysis (CFA) on the 135

measures. We ran CFA using Lisrel 8.52. The results of the analysis are presented in

Table IV. From the results, it can be seen that we have identified more relevant groups

of measures for each metric than the ones proposed by Dixon et al. (1990) and the
different groupings obtained through CFA are shown in Table III.

6. A case study

A case study was conducted in a company manufacturing hard disks for personal
computers to demonstrate the process of identifying the relevant measures and metrics
from the database to ensure that the supply chain objectives are met. The company
chosen for the study is one of the largest in Malaysia with headquarters in Tokyo,
Japan. The company is very progressive in implementing new technologies and has
implemented SAP to manage the entire operations. The company has strong links with
its suppliers and customers. The supply chain objectives of the company are:

* to achieve cost efficiency through information and material flow with lower
inventories and to eliminate unnecessary overhead costs;

* to gain a competitive edge by being flexible, quick, dependable, and cost efficient;

* to establish partnership programs with suppliers to have an effective supply
chain management; and

* to use e-business initiatives effectively.

Based on these objectives, the top management of the company identified the following
key metrics:

* delivery performance;

+ order fulfillment lead-time;
+ flexibility and productivity;
+ inventory days of supply;

* cost management; and

* e-business measures.

The management of the company was presented with the validated database that
contained 135 measures. The managers identified 94 measures from this database that
could help them achieve the objectives and these measures are indicated in Table III.
The managers acknowledged the ease of identifying performance measures if a
database was available. The databases (a master database with 838 measures and the
database with 135 measures for electronics industry), can be used as a ready reference
by the managers to identify the relevant measures and metrics depending upon the
supply chain objectives.
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JEIM 7. Results and discussions
226 According to Gunasekaran et al. (2004), the roles played by performance measures and
metrics are critical to the success of an organization because they help in setting
objectives, evaluate performance, and determine future courses of action. An important
component in supply chain design and analysis is the establishment of appropriate
performance measures (Beamon, 1998). According to Neely ef al (2005, p. 1,231),
684 “performance measures need to be positioned in a strategic context as they influence
what people do”. The basic purpose of performance measures is to stimulate action and
help managers make appropriate decisions. Therefore, the significance of appropriate
measures and metrics to effectively manage supply chains cannot be overemphasized.
However, Ketokivi and Schroeder (2004) warn that finding the appropriate “valid”
performance measures can be difficult.
We started this paper with three intriguing questions:
(1) How many measures and metrics pertaining to measurement of supply chains
exist?
(2) How many of these measure and metrics are being used by the mangers in the
industry?
(3) How can a company identify the relevant measures and metrics to be used?

We addressed the first question by consolidating the measures and metrics from
literature and from interviews/discussion with industry experts. A total 838 measures
were identified and a database was created with proper classification. A classification
scheme proposed by Dixon ef al. (1990) was extended to include partner-relationship
process flow and information flow to accommodate different measures and metrics.
The databases and the classification scheme provided in this study can help managers
identify the right performance measures for managing the supply chains in their
organizations. The measures cover upstream and downstream supply chain elements
and e-supply chains. A caveat at this point is that the performance measures are not
stationary. They have to be reviewed continuously and should reflect the current
strategies. Measures that are developed to address new issues in supply chains can be
appended to the existing database.

We addressed the second question in two phases. In the first phase, the database
with 838 measures was distributed to 26 practitioners/experts from the electronics
industry. These experts selected 159 measures that they considered important and
relevant for the electronics industry. A questionnaire with these 159 measures was sent
to 300 electronics manufacturing companies. This validation procedure resulted in 135
measures that were in use in the industry. Malaysia, being one of the leading exporters
of semiconductor devices, plays a very important role as a partner in the electronics
supply chain. Our study revealed that the companies in this industry had implemented
many supply chain initiatives and were in the process of implementing many more
such as e-business initiatives.

We addressed the third question by conducting a case study in one of the largest
multinational companies in the electronics industry. Managers are often overloaded
with performance measures and metrics that are often not in line with companies’
business strategies, budget policy, or even vision (Adams ef al., 1995; Eccles, 1991;
Holmberg, 2000; Hausman, 2002). According to Hausman (2002), the supply chain
performance measures of a company that are not in line with its supply chain
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objectives are useless. The case study company was informed about the significance of Consolidation of
supply chain objectives and the company was made to spell out the objectives performance
explicitly. Then the managers of the company were given the database (with 135
measures) developed in this research and they used the database to pick the relevant
measures and metrics that matched the objectives. Based on the request of the top
management, we are in the process of implementing the database in the company.

Our study reveals that many performance measures have been developed so far. 685
Can we say, therefore, that the development of performance measures should cease?
We cannot make this conclusion because there are many underdeveloped areas of
performance measures. These areas are:

measures

* measures to track performance across supply chains and networks rather than
within organizations (Kim, 2006; Neely, 2005);

+ measures to handle intangible assets in addition to tangible assets for better
internal management (Lev, 2004); and

+ measures that can cope with the changes in organization, technology, and
environment — measures that are dynamic and not static (Kennerley and Neely,
2003).

These areas pose major challenges to researchers and practitioners. Researchers need
to address these areas immediately so that performance measurement as an area of
research in general and specifically, in supply chains can progress further.

8. Conclusions and limitations

This paper has managed to consolidate the various performance measures that have
already been developed by academicians and practitioners. For a typical
manufacturing supply chain, the literature search and interviews with experts,
consultants and practitioners have revealed that there are 838 measures and these
measures have been classified under the following metrics: material flow, fund flow,
internal process flow, sales and service flow, information flow, and partnership
evaluation. Further analysis with these measures on Malaysian electronic
manufacturing companies identified 159 “important” and “very important” measures
and out of which 135 measures were in use. Based on CFA, these measures, under
different metrics, were grouped according to the “underlying” dimensions. This paper
lists the various sources that were used to collect all the performance measures and
provides a list (database) of these measures with classification schemes for metrics and
measures. We believe that this database can be a ready reference to academicians and
practitioners that are involved in performance measurement research. We
demonstrated the use of this database by conducting a case study with an
electronics manufacturing company.

Our study has some limitations. This study considered only one manufacturing
industry. Therefore, the database of measures is not exhaustive. The importance and
usage of measures was studied using 150 companies that participated in the study.
Therefore, generalization across the industry can be questionable. We believe that each
industry can do its own exercise to identify the relevant measures and metrics from the
“master list” database of 838 measures.
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JEIM Lessons learnt
226 There are many lessons that have been learnt from this study:

+ Many performance measures for the supply chain have already been developed
by researchers and practitioners. But there are areas of performance measures in
supply chains that are underdeveloped.

686 * The performance measures and metrics must reflect the supply chain objectives
of the company. Different industries and different companies within an industry
may use different performance measures.

* The performance measures used must reflect different elements of a supply chain
such as suppliers, customers, and internal processes. Using too many measures
may prove detrimental to a company.

* The management responsibility is enormous in implementing the relevant
performance measures and metrics for supply chains.
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