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INTRODUCTION

Do internal and external integration affect logistical and organizational performance? If so, then
which type of integration affects performance and which type of performance is affected by inte-
gration? Recent papers in the Journal of Business Logistics and elsewhere address the link of inte-
gration with performance. As illustrated in Figure 1, three distinct theoretical approaches are
identifiable: (1) the individual effects model; (2) the causal chain approach; and (3) the unified
integration model. Panel 1 of Figure 1 illustrates that the individual effects model seeks the unique
contributions of external and internal integration in predicting performance (Closs and Savitskie 2003).
The second panel in Figure 1 illustrates that the causal chain approach models external integration,
internal integration, and performance as a mediation chain. This model has been supported on a pri-
ori theory (Sanders and Premus 2005) and on a post hoc basis after the failure of data to support the
individual effects model (Stank, Keller, and Daugherty 2001). Third, the unified integration model
(Panel 3) treats integration as a single construct that predicts performance. Unlike the individual effects
and causal chain models, internal and external integration are not latent constructs but observable
measures of a lone integration construct. Rodrigues, Stank, and Lynch (2004) adopted this per-
spective on a post hoc basis after their failed effort to support the individual effects model. While
these studies contribute to our understanding of the relationship between integration and performance
and highlight its importance, it is evident that the individual effects, causal chain, and unified inte-
gration models are incompatible with one another. Internal integration, for example, cannot be a dis-
tinct latent construct that associates with performance and an indicator of a unified integration
construct.
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32 GERMAIN AND IYER

The first contribution of this research lies in proposing and testing an interactive model that
expands on the individual effects model. As shown in Panel 4 of Figure 1, we advocate that inter-
nal and external integration, while unique, interact in predicting performance. The logistics litera-
ture has not previously examined this interaction effect. With respect to the interaction effect, the
firm that has not integrated internally (or one that does not “see across the firm” in terms of inter-
functional relationships, trade-offs, and processes) may not translate an external or inter-firm inte-
gration effort (i.e., an attempt at “seeing across firms”) into better performance as evidenced by
improvements in lead times, lot sizes, inventory turns, or flexibility. The lack of internal integration
may prevent external integration from fully impacting performance.

The second contribution of this research lies in the provision of a richer account of performance.
We parcel out performance into two constructs: logistics performance (which includes lead times)
and financial performance (which includes profitability). Figure 2 provides our theoretical frame-
work. Specifically, we examine internal integration, downstream integration (as a type of external
integration), and their interactive effect on logistical performance (H1-H3). The latter is hypothe-
sized to predict financial performance (H4). Our model is not concerned with predicting integration
itself. The study of potential drivers including integrative technologies, organizational size, and envi-
ronmental uncertainty is left to others. In the next section, we briefly review the literature and pre-
sent our hypotheses. In the Method section, we analyze prior scales, present our scales, and describe
the sampling procedure we undertook. We then test the theory and present and discuss the results.

THEORY

Integration may be defined as “the unified control of a number of successive or similar eco-
nomic or especially industrial processes formerly carried on independently” (Webster’s 1966, p. 1175).
This dictionary definition continues to form the basis of discussion and practice in logistics. In
firms that are not integrated “logistics is a fragmented and often uncoordinated set of activities
spread throughout various organizational functions with each individual function having its own bud-
get and its own set of priorities and measurements” (Lambert and Stock 1993, p. 40). Recent thought
iterates the connection of integration to process management and design (Lambert, Garcia-Dastugue,
and Croxton 2005). Internal integration refers to unifying functions and processes inside the firm
and includes those related to warehousing, transportation, inventory management, purchasing,
demand planning, and production. External integration refers to unified control of functions and
processes across trading partners. Upstream examples include the sharing of production plans and
costs with suppliers, while downstream example includes the various shared information and
processes associated with collaborative planning, forecasting, and replenishment (CPFR).

During the early 1960s, the National Council of Physical Distribution Management (NCPDM)
centered the fledgling logistics field on the integration of physical distribution (or outbound) func-
tions (Bowersox, Smykay, and Lal.onde 1968). With advances in information technology, especially
ERP systems, integration on a larger scale was possible and in 1985 the NCPDM changed its name
to the Council of Logistics Management (CLM) and offered a definition of logistics that espoused
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firm-wide integration of functions and processes from purchasing to outbound transportation man-
agement (Lambert and Stock 1993, p. 24. The scope of internal integration was expanded to encom-
pass a firm-wide perspective. The rise of supply chain management (SCM) during the early 1990s
correlates with further informational advances in Internet and Web-based technologies. In 2005, the
CLM changed its name to include “supply chain” and defined SCM in part as integration through-
out the supply chain. The scope of integration was now fully internal and external up and down the
supply channel. That the concept of integration dates back to the business origins of logistics itself
can be attributed to the growing realization by managers, consultants, and academics since the
1960s that coordinating activities initially across functions and later across firms creates a power-
ful framework and a tool for performance improvement. In this research, one of the types of per-
formance we concentrate on is logistical performance, which may be defined as how well procedures
are executed. The outputs of these procedures are normally of interest: e.g., fill rates, lead-time, and
flexibility. The connection of integration with logistics performance is well documented (Closs
and Savitskie 2003; Rodrigues, Stank, and Lynch 2004; Sanders and Premus 200S5; Stank and
Daugherty 2001) and is derived from the reduction of non-value added activities, better access to
information, more streamlined operations, higher levels of coordination, the reduction of the bull-
whip effect, and a more efficient matching of supply to demand. This discussion suggests the fol-
lowing two hypotheses.

H1: Internal integration and logistical performance associate positively.
H2: Downstream integration and logistical performance associate positively.

The third hypothesis concerns an expected positive interaction between internal and external
integration in predicting logistical performance — the greater the level of internal integration, the
stronger the effect of external integration on logistical performance (and vice versa). Let us consider
a source firm that is high on internal integration. This suggests that appropriate internal trade-offs
exist, processes are unified, and that managers see across the firm to leverage better, timelier infor-
mation into, for example, better fill rates. Internal integration may be fostered by ERP systems
(Sanders and Premus 2005) and other integrated software platforms (Rodrigues, Stank, and Lynch
2004), but its essence is inter-functional coordination and the creation of firm-wide standards and
norms, which may be developed through cross-functional teams or ad hoc committees. If the source
firm integrates with a customer, then the integration is both internal and external and may extend
from the source firm’s purchasing function potentially through to the customers’ order processing
unit. For example, a manufacturer that integrates processes with a retailer may be connected to the
retail checkout counter POS system. Trade-offs are being made within the source firm and across
firms and processes are being coordinated to reduce supply chain costs and surprises. However, if
the source firm started with a low level of internal integration, then the external integration effort
would hit a disintegrative wall near the interface between the two firms. For example, POS data might
be shifted back to the source firm’s finished goods warehouses. But the performance improve-
ments that could be generated by coordinating such information with inventory planning, trans-
portation, and production would be lost. The source firm may accrue a market share benefit from
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external integration, but new transaction costs would be encountered and may be seen as a burden
as there would be no operational or financial improvements within the source firm. We expect that
the higher the level of internal integration, the stronger the effect of external integration on logis-
tical performance. The following hypothesis is offered.

H3: The greater the internal integration, the stronger the relationship of downstream integra-
tion with logistical performance.

The last hypothesis states that logistical performance should predict financial performance
such as profit. Operational improvements imply enhanced productivity and reduced costs (Schmenner
and Swink 1998). Considerable increases in transportation and labor costs and lost sales may result
from operational inefficiencies such as inability to deliver products on time. Poor operations such
as low inventory turnover rates or lengthy delivery lead-times drive up inventory costs and thus neg-
atively influence financial performance (Germain, Drége, and Christensen 2001).

H4: Logistical performance and financial performance associate positively.

METHOD

Scaling

Tables 1 through 3 respectively present the internal integration, external integration, and per-
formance scales in the key studies that were used to create the integration theory classification pre-
sented in Figure 1 (Closs and Savitskie 2003; Rodrigues, Stank, and Lynch 2004; Sanders and
Premus 2005; Stank and Daugherty 2001). The right hand most column in the Tables present obser-
vations on face validity, which may be defined as whether items, on the face of it, measure what they
purport to measure. Some of the items for scaling internal integration (Table 1) were deemed to pos-
sess low face validity. Specifically, Closs and Savitskie (2003) in items 3 and 4 assume that the
exchange of information implies the use of information technology and Rodrigues, Stank, and
Lynch (2004) in items 2 and 3 assume that process redesign implies a cross-functional or integra-
tive approach. Neither is necessarily the case.

Several problems are noted with the scaling of external integration. Closs and Savitskie (2003)
measured performance yet labeled the construct customer integration (Table 2). Item 2 (Table 2) of
their logistics information technology integration (external) scale assumes that sharing strategic infor-
mation is the result of information technology use. In addition, items from Rodrigues, Stank, and
Lynch (2004) and Stank, Keller, and Daugherty (2001) measure the effect of integration on per-
formance rather than integration itself. For example, “My firm has increased operational flexibil-
ity through supply chain collaboration” (Rodrigues, Stank, and Lynch 2004, item 2, Table 2) assesses
flexibility as derived from collaboration and not collaboration. These scales skew subsequent cor-
relations with measures of performance upward. Another problem apparent from Table 2, but more
debatable, concems the use of “and” statements. For example, item 2 from Closs and Savitskie’s (2003)
logistics information technology integration (external) scale refers to “suppliers and/or customers.”

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



35

JOURNAL OF BUSINESS LOGISTICS, Vol. 27, No. 2, 2006

Y31 ‘sjusunredsp usamiaq uoneuLojut feuonerado sareys A[aansayo wny AW
SO[IS [eUONOUNJ UTIM K[9[0S 's9ss52001d SuiSeuew
padeuew 2q [[uS AW $3SSIV01J M0 0} suonouny SurSeuew wWoly paYIYs Sey ULy AW JO UOIIBIUSLIO Y], ¢
siseq [euonduny

SSOID B UO 10U Inq ‘paudisapal
u33q dARY ABUI S35S3001J M0

*s1eak samy ised
3y} 19A0 $53001d pUe SIUNNOI YIoM pauTisapal A[IAISU)XI sey uLny AW °7

(+007) youAk] pue ‘Yuelg

‘suongerado Aep-01-Kep ‘sanSupoy :suoneradQ
y3ig SuiSeuew 10J YI0M [BUONIOUNJ-SSOID SIZI[IIN A[IAISUNXS WLy AN *| [eus)u] pajesdanuy
*BJEp 2WN
ysiH [ea1 utejurew pue axndes swAsAs uoneuLIoyul sOUSISO] S, ULy A ¢
ejep [euonerado Suwreys 10y Aressadau
j0u £A30[0UYd3) UONIBULIOJU] :MO7] ‘sjusunredap usamiaq uoneuLoyul reuonerado sareys A[aandaya wny AW
UOTJRULIOJUT P3)JBULIOJ U ‘A[owm)
‘aJeInooe ajeald 0] pannbai A[ressaoou *asn JeN[IoR)
jou A30[0UYd2) UOTIRULIOJU] : MO0 0] payjeuLIOj pue ‘A[WN) ‘2)eINdJE ST ULIT) AW UT [qe[TeAR UONRULIOJUT Y] ¢
= - — - (€007) anisnaeg
[EN 3JEJI[1OR] O] POYISUW SSIDIE pUE Iseqelep PajelSajul ue surejurew uLly A 'z pU ss0[) :(JeuJauy)
‘wny Aw uniim suonestjdde uonei3ayu] A3ojouyd3],
Y31y sso1oe pajeIdajut are saseqejep Suruueld pue Sunerado sonsiSo | uoneurioyu] sdusiso|
SJUUIIO)) pue AJIPI[EA D8] Swa)| 32anog pue
[3qe] Jonasuo)

NOLLVIDHALNI TVNIALNI 4O DONITVOS

I A TdVL

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



]
=
3
S
S
k
&}
‘uonerdayn
y3ig 38eInoous swalsAs premal pue ‘aAnudul ‘uonesuadwod s, uy AW °g
-soueunioprad sonsi3og
y3ig parei3aur Surpredal ssako[dwa 03 }oeqp3a) 2ANAqo sapraod uy A ¢
*A[TeuIa)ut UOBULIOJUT
Y31 PAZIWOISNd pue pIzIpIepuels Yioq areys 03 A1fiqe ayenbape sey wny AW °¢
yaigy ‘sjusunredap usamiaq uoneuioyut feuonerado sareys A[2ansaye way AW g (1007) Ausysneq
‘SuLreys uoneuLIOJUT pue ‘I19[[2Y] ‘Yuel§
ydiy JJEII[IO8] O} POYISUI SSID0E pUe Iseqeiep pajeiSajul ue surejurews uuy A ‘[ :uoneloqe[jo)) [eusdjuy
Y3 ‘sjuounedop Suoure uoneuuojut suonesado sareys ‘¢ —_—
Y31H ‘BuLreys uoneULIOJUT J0J SEqEIEP PajRIdaul SaZIN( T SNUISIY PUE SIOPUES
ySiH ‘Buruwreld 51831ens UT UONRIOQE[[OD [BUONIOUNJ-SSOID SAS() '  :UONBJIOQE[0)) [BUINU]
SJUIUIWIO)) PUR APIfeA 328 SwAY 32ano§ pue
[PqeT Pnysuo)
NOILVIDHALNI TVNIAHALNI 4O DNI'TVOS
o .
N (INOD) 1 AT4VL

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



37

JOURNAL OF BUSINESS LOGISTICS, Vol. 27, No. 2, 2006

NES dures 3y UNPIM SUOIBIO]
onydes30a8 ssoroe Surseyomd 3o ‘uwny

a3 0) [ewAUI ATjoym 2q Aew uon
-eziprepue)s ureyd Ajddng :ajesapoy

‘suonjerado pue saonoerd
ureyd Ajddns aziprepueis 03 SIANRIIUT UT PIAJOAUT A[9ATIOR ST Wy AN “§

jJuswaje)s , pue,
SUTEJUOD ‘SSIOONS SANSEIU W[ M0

‘sanianoe pue surerford Suryoopayur Surdojaaap 4q
s1a11ddns 1o/pue s1owoisnd Pim suonerado sajerdaur A[jnyssaocons uny A ‘¢

uoneloqe([od ySnosy Apqrxay
Teuonesado amseow swA 10|

‘uoneIOqe[[0d
ureyds Ajddns y3nonp Anpiqixapy reuonesado pasearout sey uLny AW g

(#007) YouA pue ‘yueig

‘sIowoIsnd 1o/pue siatjddns ‘san3upoy :suonesadQ
JUSWIJEIS  pUR,, SUTRIUOD) (YSIH  PSIO9as Pim A[[euraixa uoneuojut reuonerado sareys A[oAnsayyo wuy AN | [euld)Xy pajesdajug
uwoj Juswnoop Joded ut pareys *SI2UI0ISND Jo/pue (£007) STISHAES
U2)JO UONRULIOJUT J13I]ENS :M07] s1a1pddns pa1oafas yum uoneuuoyur a13ajens areys o) Surfim st uuy AW ¢ pue sso[) ":a.,. h&umv
*3unsesaloj uo ouerjal aonpai pue suejd reuonerado uoneidayuy £3ojouyda],
ysig J1BII[I9.] 0] SISWO0ISND WoIy APO3NP UONBULIOJUT SuTeIqo Ly A ' | uoneurIojuy sdnsi8o|

*SJTUN SSAUISNQ J133JeNS INO SSOIE SJUWAINDAI IoWO0ISNd

Y31 [enpiArpul Jje3[Ioe) pue Jeidaur o) wesdoid e paysiqelsa sey uny AW ‘¢ -

uonejuaw3as *SIQWOISND
UO DURI[2I SANSBIW W) :MO| JUSIRYIP 10J S31Farens 3J1AIas sonsiSo] anbrun ‘yuarayip sey uuny AW g (£000)
sisanbar anbrun ajepourwosoe ‘suonnjos pauuejdaid Sunuswordun £q sisanbax SDYSIIABS pUe SSO[)
01 3oueuLIOLIad JINSeaw WY :M0| Iowolsnd anbrun Jo a3uel SpIm B AJePOWILOddE 0) Jqe ST ULy A '  :uonei3ajuj Jauwo)sn)
sjuaWuo)) pue A)Npife; ey HES) | 321nog puy
BQeT Pnysuo)

NOLLVIDALNI TVNJYALXH 40 ONITVIS

CHT4VL

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



&
S
=
3
~
)
O
‘szoriddns
ysig Im S)[NSal sareys pue ssadoid/saonoeid 1saq syreuryousq uLy A ‘9
uoneIOqe[[0d 0} anp ANNIQIXa ‘UONIRIOQR[[0D
reuonerado sasesuws wWaAJ :M07] ureyd A[ddns ySnonp Aqiqrxayj reuonerado pasearout sey wuy AN °G
*SpIemal pue sysu pareys jo sadiounid 1opun sjerado
JUSWIAE]S , pUe,, SUTEIUO)) :Y31H ey szowosnd pue siarjddns yim sjuswoSuerre ureyd Ajddns seq uuny AW ¢
uoneIdaur ySnony soueunoyrad -szomred ureyo Kjddns
pasoxdun samnseow waf :M0]  Yim suonerado Sunesdaur Aq oueunioyrad paaoidun saousuadxs uy A ¢
‘sdysuornejar ureyo
Y3y Ajddns sso1oe puaixa ey samseaur adueunioyad padojaaap sey wny AN 7 (1002) AuaySneq
JUSWIANE]S , pUR,, SUTEIUOD ‘JuLreys *sIowo)snd Jo/pue siarjddns pue ‘I3[ ‘YueIS
JO SSOUIATIONND SAINSEIW WA tMOT  PAJI[3s NIm A[[eUId)Xa uoneuLIojul [euonerado sareys A[9AN0d)Jo ULy AW |  :UONEIOQE[[0)) [BUI)XH
Y3 *s197[ddns [1im UONBULIOJUT }SOO SATeyS “{
Y3 -s1arjddns s Suruuerd saneloqerjod ut saSeduy ‘¢ —
Y3 -s1a17ddns iim sassa001d [euOnOUNJ-SSOID SATRYS ‘T Snwal] pUe SISpUES
Y31 ‘s1arddns (pim uoneuLioyul suonelado sareys ‘[ :UONRIOGE[[0)) [BUINXY
SjudUIWO)) pue K)pI[eA 3deq swdY| RInos puy
PqET Jonysuo)
NOILLVIDALNI TYNIALXH 40 ONITVOS
S (INOD) 7 AT4VL

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



39

JOURNAL OF BUSINESS LOGISTICS, Vol. 27, No. 2, 2006

‘suoniuyap Aq paruedurosoe a1om () Youk pue ‘Yuel§ ‘san3upoy pue (£00g) 2DISIIAERS PUE SSO[D) WOIJ SWI)] 0N

y3ig steo3 soueunioprad o) aanejal paads A1aATa(q p
ysig sreo3 soueunioyrad 01 aane[al awm uondnponut 3onpoxd maN ¢
(5002
ysig sreo3 soueunoprad 03 aanefal sfeos Aifenb 1onpoid 7 SNUIAl] PUE SIOpUES
Y3 s[eod soueuniojsad 03 aAne[al Juswaaoidurr 150D | :UBULIOJIdJ ULIl ]
Y31y UOTIIBJSIIES JAUWIOISND) 'Q
ysig swm) A103udAU] °g
Y31 Anoeded [y 10p10
Y31y Aunqepuadap Axaatia( ¢
(+007) youk
Y31y Poads KA T pue *yumrg *sonSupoy
ysig 1500 SOUSISO] MO '  :3JUBULIOLId] SISIS0]
Y3y uonoeJSIES JAWO0ISND) ‘G
Y31y Aimqrxayy swm A12ATRQ 'y
Y31 Aoeded [y 19pIQ ‘¢
ysig sIowolsnd A3y 0 ssauaAIsuodsay ‘z (£007) SMSNAES pue
Y31 paads AISAT[2( ' SSO[D) :3d1AIAS JIWI0ISN))
sjudwwo)) pue BE | a2Jnog pue
Anpiep ey 13qe] pngsuo)

HONVINIOLTHd 40 ONITVIS

€ A T1dVL

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



&
)
&
3
3
=
m
QO
‘suoniuLyap Aq pareduiodse aram (H007) YoukT pue ‘Yuels ‘son3upoy pue (¢00g) dDISIALRS pPUe SSO[D) WO SWI 130N
ysig suone)radxa Jowolsnd
saydew ddueuLiopad sonsiSo] paaradiad yorym o3 1u3xa ay Surpredar juowdpnl reqo[3 oy *L
e SSISeq JU9)SISUOd & Uo sannuenb pue sajep A1aA19p paredionue o pajonb 100w 03 L11[Iqe YL, 9
Y3 ssuonerado sonsiSo] Suump uonisoduiod J0 JWN[OA ‘az1s JapIo Ajipout 01 AI[Iqe YL, G
y3ig sSISeq JUIISISUOD & Uo sannuenb pansap apiaoid 01 A1[iqe Y, ‘¢
Y3y SSISWIOISND A3Y JO Siuem pue Spaau 3y puodsal 03 Aiqe YL, °¢ T .A._%vaw
Lm0 8 | SIOW0ISND d1dads J0§ SaWm AISAT[Ip 2JepouruIodde 0y ANyiqe YL ‘7 ‘JUEIS :3UBULIOJIAG
Y31y 9[qissod se 013z 0} 350 SE 03 KIDAT[IP JowoIsnd pue 1d130al1 19PIO U3IMISQ W ) 30nPal 0} ANIqe Y[, *| ERTTNENN AT N g |
SJUIWO)) pue Swd) 3danog pue
Aypiea ey 12qe] Puajsuo)
AIONVINIOALA A 40 ONITVOS
S .
+ (INOD) € AT4VL

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



JOURNAL OF BUSINESS LOGISTICS, Vol. 27, No. 2, 2006 41

This creates a problem for respondents when integration is high with suppliers but low with customers.
It also raises the question of whether external integration should be thought of as a single construct
consisting of two components — upstream and downstream integration — or as two distinct con-
structs that impact different types of performance. The logistics literature is not clear on this issue.
The external collaboration scale of Sanders and Premus (2005) did not fall into the “and state-
ment” trap, but their items focus exclusively on integration with suppliers. Finally, the logistics lit-
erature has done an excellent job on scaling performance. The face validity of the items shown in
Table 3 is all rated high.

The scales used in this research, shown in Table 4, were selected or designed with the prior short-
comings and strengths in mind. Internal integration was measured using Miller’s (1991) scale.
Respondents were asked to rate their firm'’s reliance on interdepartmental committees, cross-func-
tional teams, and inter-functional liaison personnel in assuring compatibility among decisions in one
area (e.g., purchasing) with those in other areas (e.g., production). Seven-point scales with endpoints
of “rarely used” and “frequently used” were utilized. Strengths of this scale include a long history
of reliability in management research and a clear a focus on integration at the cross-functional
decision-making level. The weakness of the scale is that it does not assess cross-functional process
integration.

TABLE 4

SCALING AND CONFIRMATORY FACTOR ANALYSIS RESULTS

Scale Loading t-value

Internal Integration: p = 0.86. In assuring compatibility among decisions in one area (e.g., purchasing) with
those on other areas (e.g., production), to what extent are the following integrative mechanisms used?
7-point scales with endpoints of “rarely used” and “frequently used.”

x1. Interdepartmental committees, which are set up to allow departments to engage 0.841 12.048
in decision-making on an ongoing basis

x2. Cross-functional teams, which are temporary bodies set up to facilitate 0.902 13.269
interdepartmental collaboration on a specific project

x3. Liaison personnel whose specific job it is to coordinate the efforts of several 0.735 10.104
departments for the purpose of a specific project

Downstream Integration: p = 0.79. Ratings on extent of each of the following. 7-point scales with endpoints

of “rarely” and “frequently.”

x4. We work with customers to develop a joint sales forecast that is used as the basis  0.747 9.451
for replenishment

x5. We exchange point of sale information with customers to drive both 0.810 10.331
replenishment and billing activities from actual sales data

x6. Customers notify us of planned promotions and exchange with us informationon  0.672 8.416

activities against a promotion
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TABLE 4 (CONT.)

SCALING AND CONFIRMATORY FACTOR ANALYSIS RESULTS

Scale Loading t-value

Wi tion:
x7. Mean centering was undertaken prior to forming the interaction term 0.999 17.512

Logistical Performance: p = 0.68. Ratings on the change in firm performance over the past three years.
7-point scales with endpoints of “substantially worse” and “substantially better.”

yl. Delivery lead-times 0.561 5912
y2. Inventory turnover rates 0.641 6.659
y3. On time deliveries to customers 0.468 4919
Financial Performance: p = 0.93. Rating on firm performance over the past three years. 7-point scales with
endpoints of “well below industry average” and “well above industry average.”

y4. Average return on investment 0.862 13.096
y5. Average profit 0.952 15.331
y6. Profit growth 0.845 12.719

CFA loadings are completely standardized estimates. All loadings are significant at p<.01.
X2 =59.251; p = 0.358; df = 56; RMSEA = 0.019; CFI = 0.992; GFI = 0.944; AGFI = 0.909.
p = scale composite reliability.

The measure of external integration was adapted from the work of Anthony (2000) and taps into
reliance on cross-firm forecasting, exchange of point of sale information, and shared promotional
planning. Industry experts in SCM refined the scale prior to data collection. We avoided the “and
statement” problem by focusing on information exchange with downstream partners and accordingly
we labeled the construct downstream integration. The weakness of a focus on integration at only one
boundary of the firm is partially offset by clarity. Another weakness is inattention to integration through
process standardization. However, information exchange of the sort measured often occurs when
processes are integrated across firms (Cannon and Perreault 1999). A strength of the scale is that items
capture the level of the phenomenon being scrutinized and not a trait assumed to be associated
with the phenomenon (i.e., performance). The interaction of internal and external integration was
formed from mean centered variables.

Logistical performance was measured in three areas: delivery lead-times, inventory turnover
rates, and on time deliveries to customers. Seven-point scales were used to assess performance
improvements over the past three years.. The items we use correspond well with those shown in Table
3 and those in other research (e.g., Fawcett and Clinton 1997; Stank and Lackey 1997).

Finally, we turned to the management literature for a measure of financial performance. The
measure taps performance in three areas: average return on investment, average profit, and profit
growth. Respondents rated performance over the prior three years in their primary industry (Miller
1991). Industry relative performance controls for inter-industry differences and the three-year
horizon controls for random, one-time events that affect performance for a single quarter or year.
Confidentiality issues and a demonstrated history of low response rates to requests for hard per-
formance data such as actual ROI dictated the use of soft measures.
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Sample

In the survey, the unit of analysis was a manufacturing firm or strategic business unit. The
CSCMP’s manufacturer member list was the sampling frame (n = 2,468 individuals). To control for
multiple CSCMP members in a firm, the list was culled to 1,372 firms by retaining the member with
the highest title level. Randomly selected members were screened by telephone to: (1) ensure suf-
ficient knowledge; and (2) employment by a manufacturer. Participating members were faxed or e-
mailed the survey. In the end, 914 potential respondents (representing two-thirds of the sample
frame) were contacted and of these, 538 received questionnaires. Reminders were faxed to respon-
dents who did not return a survey within two weeks after receiving the original. A total of 152 sur-
veys were returned, for a 28% response rate.

The sample represents a wide range of firms: food and kindred products (SIC 20), 13%; chem-
icals and pharmaceuticals (SIC 28), 26%; industrial machinery (SIC 35), 10%; and electronic prod-
ucts (SIC 36), 15%. The majority of the respondents were managers (45%), followed by directors
(28%) and vice presidents (15%). The majority indicated that logistics was their primary func-
tional area (51%), followed by distribution (22%), supply chain management (12%), operations
(3.9%), information systems, materials management, and purchasing (each with 2.6%), manufac-
turing (1.3%), and other functional areas such as forecasting (1.9%). Average sales for firms in the
sample are $5.4 billion and the average age is 55 years.

Late respondents were defined as those completing the survey only after receiving a follow up
fax two weeks after initial receipt (n = 31). They were compared to the remaining respondents
(n=121) (Armstrong and Overton 1977). Using t-tests, no differences were found in any of the vari-
ables. Following the advice of Mentzer and Flint (1997), 300 randomly selected non-respondents
were faxed a set of ten items from the survey. A comparison of these responses (n = 28) to the sam-
ple (n = 152) using t-tests revealed no significant differences. Both assessments indicate no evidence
of non-response bias.

Reliability and Validity

The correlation matrix along with means and standard deviations of the variables are pro-
vided in Table 5. To assess the measurement scheme, a confirmatory factor analysis (CFA) was applied
to the covariance matrix (Joreskog and Sérbom, 1993). The model fit statistics are: x? = 59.251;
p=0.358; df = 56; RMSEA = 0.019; CFI = 0.992; GFI = 0.944; AGFI = 0.909. The CFI, GFI, and
AGFI all exceed the minimum limit of 0.900, the model p-value exceeds 0.10, and the RMSEA is
well within acceptable bounds. The standardized loadings shown in Table 4 all exceed 0.400 and
respective t-values are significant at the 0.01 level. The standard test for examining divergent valid-
ity was undertaken: that is, setting the correlation between pairs of constructs to unity and examining
the Ax? against the hypothesized model. All tests were significant, providing evidence of divergent
validity. To assess reliability, scale composite reliabilities (p) were examined. All exceeded 0.60. Thus
the analysis demonstrated that the selected measurement system possesses adequate convergent and
divergent validity and reliability.
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RESULTS

The structural equations model presented in Figure 3 was tested on the covariance matrix.
The fit statistics are adequate (x? = 59.773; p = 0.447; df = 59; RMSEA = 0.009; CFI = 0.995;
GFI =0.944; AGFI = 0.913). As seen in Table 6, the four hypotheses are supported. Logistical per-
formance is predicted by internal integration (H1; y1,1 = 0.349; t = 2.859; p < 0.01), downstream
integration (H2; y1,2=0.276; t = 2.476; p < 0.01), and the interaction of the two (H3 1,3 = 0.229;
t = 2.258; p < 0.05). Logistical performance predicts financial performance (H4; 82,1 = 0.340;
t=2.973; p < 0.01). Adding direct paths from the integration constructs to financial performance
did not improve overall model fit (Ax? = 0.052; Adf = 3; p > 0.10) as none of the paths were sig-
nificant. The effect of integration on financial performance appears to be transmitted through logis-
tical performance.

TABLE 6
LISREL MODEL RESULTS

Completely

Standardized

Estimate t-value
H1: Internal integration — logistical performance (y1,1) 0.349 2.859a
H2: Downstream integration — logistical performance (y1,2) 0.276 2.476a
H3: Interaction of internal x downstream integration * 0.229 2.258a

— logistical performance (y1,3)

H4: Logistical performance — financial performance (B2,1) 0.340 2.973a

X2 = 59.773; p = 0.447; df = 59; RMSEA = 0.009; CFI = 0.995; GFI = 0.944; AGFI = 0.913.
a,p<0.0l1.
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The positive sign of the interaction effect means that the greater the level of internal
integration, the stronger the effect of downstream integration on logistical performance. To better
understand the moderation, the sample was split on the median of the internal integration variable
(4.70) into high and low groups (n = 74 in the low group; n = 78 in the high group). When internal
integration is low, the correlation of downstream integration with logistical performance is null
(0.067; ns). This compares to 0.459 (p < 0.01) when internal integration is high. The Fisher z,
which assesses equality of correlations across two groups (Howell 1987), equals -2.564 (p < 0.05).
Downstream integration predicts logistical performance only when internal integration is high.
Figure 4 pictorially presents the interaction effect.

TABLE 7:

MODERATOR REGRESSION MODEL RESULTS PREDICTING
FINANCIAL PERFORMANCE

Standardized Estimate () (t-value)

Predictor Variable Model 1 Model 2 Model 3
Main Effects
Logistical performance 245 (2.831a) .260 (2.934a) .248 (2.905a)
Internal integration .019 (.225) -.001 (.364) -.023 (-.259)
Downstream integration .069 (.815) .039 (.333) -.015 (-.163)
Two-way Interactions
Logistical performance x downstream integration ~ — -.079 (-.870) -.051 (-.550)
Logistical performance x downstream integration — — 123 (1.454) .116 (1.330)
Internal integration x downstream integration - 117 (1.313) .081 (.878)
Three-way Interaction
Logistical performance x internal integration x - - 142 (1.491)
downstream integration
Model F 4.136a 2.763b 2.706b
R? 8% 11% 12%

a, p<.01; b, p<.05
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FIGURE 4

IILLUSTRATION OF THE INTERACTION EFFECT:
INTEGRATION ON LOGISTICAL PERFORMANCE
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CONCLUSION

This research contributes to the literature by examining the interactive effect of internal and down-
stream integration on performance and by providing a richer account of performance by consider-
ing logistical and financial performance. A firm may possess, through culture, history, planning, or
luck, a strong sense and vision of how functional interactions are important to performance. Dur-
ing the late 1980s, researchers at Michigan State University may have called these “leading edge”
firms (Bowersox et al. 1992). This internal vision allowed the firm to more readily grasp the poten-
tial benefits of external integration as technological leaps during the 1990s paved the way toward
modern SCM. The logistical and financial success of internal integration may thus have been a
driver of the firm actively pursuing external integration opportunities. In contrast, other firms, low
on logistics vision, survived on vertical silos and performance metrics that rewarded functional
performance to the detriment of logistical and global financial performance. Dynamic markets or
product-market combinations, coercive customers or suppliers, and senior management turnover may
all contribute to integrating externally prior to internally. Internal integration may spur external
integration and vice versa. Touting that external integration “affects” internal integration oversim-
plifies the situation. In addition, to conclude that integration is a single construct comprised of
internal and external components on the basis of empiricism (e.g., Rodrigues, Stank, and Lynch 2004)
discounts the historical trend of how logistics was transformed into SCM and undervalues the com-
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plex effect that each may have on the other. We advocate that internal and external integration
should be thought of as contemporaneous phenomena that feed upon one another across time.

Managerial Implications

Managers should understand that while downstream integration without internal integration will
lead to operational improvements, the gains might be quite limited (see Figure 4). Managers in a firm
that is high on downstream integration and low on internal integration may mistakenly perceive that
downstream integration does not improve performance. Because of demanding customers, managers
may view downstream integration as a margin squeezing cost of business. Our research suggests that
firms in this position should consider the task half complete — the equally daunting work of integrating
the firm internally should be undertaken. In contrast, the internally integrated firm that increases down-
stream integration will reap the fullest logistical rewards in terms of fill rates and inventory turns,
for example.

Managers should also understand that an improvement in logistical performance associates with
better financial performance. Our modeling efforts demonstrated that financial performance is not
directly predicted by integration: rather logistical performance transmits the effect of integration on
financial performance. The significant interaction of internal and downstream integration on logis-
tical performance suggests that a lack of integration in one or both of the two domains will not
translate into meaningful financial performance gains. The results embedded in Figure 4 indicate
the powerful advantage that integration can create. The key for managers is to understand that inte-
gration should be undertaken both internally and downstream. Firms high on both fronts accrue a
multiplicative effect concerning logistical performance (e.g., inventory turns), which is then parlayed
into superior financial performance. Regardless of how well a firm does in implementing internal
or downstream integration, our research indicates that extreme failure in one area is sufficient to make
null and void potential performance gains.

Limitations and Further Research

Of importance is the need for clarity on which of the causal chain, the unified integration, or
the individual effects model with interactions is the most appropriate and best represents the under-
lying truth of the world. This theory driven need for clarity is clouded by an inability to directly
compare results across studies, in part a function of different studies utilizing different scales. For
example, external integration has been operationalized as downstream integration (as we have), as
upstream integration (Sanders and Premus 2005) or as integration with either upstream or downstream
exchange partners (Stank, Keller, and Daugherty 2001). The scales for internal integration have focused
on a combination of information exchange, decision-making coordination across functions, and
process serialization. As mentioned previously, our integration scales focused on the decision-mak-
ing component — this is a notable limitation to our work. Further research is required to clarify
whether our findings are a special case due to unique scaling traits or generalizeable due to our scales
representing an adequate sample from the available universe of scales.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



50 GERMAIN AND IYER

An issue worthy of iteration concerns whether external integration is a single construct versus
multiple constructs. It may be that integration with suppliers is not equivalent to integration with cus-
tomers. Both may ultimately affect financial performance but the routes or causal chains may be quite
distinct. For example, integration with customers may result in higher turnover rates for finished goods,
but not raw materials. The reverse may hold when integration with suppliers is high. Further research
is required to tease out these potential effects.

Finally, our research demonstrated the importance of interactions in explaining variance in per-
formance. Further research should concentrate on identifying additional moderator variables. A
promising area would be to investigate the role of context. For example, integration may have a
stronger effect in a dynamic demand environment. Predictable demand, especially when combined
with the necessity to produce in large lots, may result in repetitive, stable operations that reduce the
need for and impact of inter-functional coordination. Confirmation of such would start to provide
a richer managerial understanding of when integration makes sense.
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