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ABSTRACT

This sudy examines dectronic integration in logistics supply chains usng the non
integrated US-international air cargo industry as acase study. We ask what impact
electronic integration has on interorganizationd task performance, and hypothesi ze about
factors limiting the effectiveness of dectronic integration. Surprisingly, our study does
not find evidence of direct impacts of eectronic integration on performance though it
does find evidence of indirect impacts of information systems use and performance. The
findings suggest that the use of eectronic integration as a Srategy to improve operationa
performance across firmsis limited by the nature of the interorganizationa task,

environmenta dynamism, and the power reationships between firmsin the supply chain.
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INTRODUCTION

On-time movement of materids across globd supply chainsis of grave economic
importance to both producers and users of the transportation system. For transportation
service providers, control of time throughout the supply chain can increase efficiency and
cregte competitive advantage by turning coordination in the supply chain into a source of
differentiation.

Where on-time performance demands of an interorganizationd task are high,
organizationa gructure shifts towards vertica integration in order to reduce uncertainty.
For example, verticdly integrated companies such as UPS and Federa Express dominate
the high-end express ddlivery sector of the air cargo industry.

These verticaly integrated express carriers - integrators - move 92% of adl U.S. domestic
shipments and account for over 60% of total domestic air cargo revenues. However, in
the rgpidly growing internationd air cargo market, the integrators have amuch smaller

6% stake. Asdemands for internationa on-time ddivery increase, forwarders and
cariers are turning to an dternative to vertical integration to increase on-time
performance — eectronic integration. Electronic integration is an organizationa structure
that uses interorganizationd information systems (I10S) such as EDI, proprietary systems,
and internet gpplications to share information across organi zations to achieve higher

levels of coordination.

While verticd integration is the dominant organizationa structurein high performance
ar cargo, it comes a ahigh cost. Asset specific investments, reduced organizationa
flexibility and market respongveness are risks associated with verticd integration.
Electronic integration can arguably provide the performance qudity of vertica
integration but without the risks.

In this paper we draw upon data from the US-internationd air cargo sector to investigate
the limits of dectronic integration. We ask: does ectronic integration impact



performance of an interorganizationa task such as air cargo ddivery? What factorslimit
the effectiveness of dectronic integration?

The study andyzes data from a comprehensive survey of the freght forwarding industry.
We examine this segment of the third party logistics industry at atime of rgpid change.
Web based information technologies are transforming the industry as we write. Our
study examines the industry poised to adopt new 10S in the form of e-commerce
technologies. We seek to understand the factors that appear to impact the success and
falure of I0S. Thisstudy comes a an opportune time. Many more business operations
will be linked with such inter-operationa systemsin the near future. Collaborative
environments are being built for al sectors of the freight trangportation industry (seefor
example the Globa Freight Exchange (GF-X), Reuters Air Cargo Service and
RightFreight for air cargo and 3PLEX, Nistevo, Trantis and Transplace for other freight
industry segments). This study of the air cargo industry should lend ingight into the
future of dectronic commerce, collaborative commerce and interorganizationd systems

in freight trangportation and logidtics.

AIR CARGO OPERATIONS

Since the firgt air cargo shipment in 1910, the U.S. air cargo industry has grown to an
industry that moves approximately 56% of al worldwide air cargo shipments, making it
the largest single air cargo market® in the world. Of the $300 billion in world-wide arline
revenues due to scheduled flights the air cargo industry accounts for an estimated $40
billion (IATA, 1998). The globd air cargo community comprises approximately 25,000
forwarders and 700 airlines operating worldwide?, with about 1500 forwarders and 100
arlines operating inthe U.S.
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Figure 1 Alternative Organizationd Structuresfor Air Cargo Ddlivery (Adapted
from TIACA, 2000)

Two organizationa structures dominate the provision of air cargo ddlivery. Integrators®
own dl assats of production from shipper to consgnee. Non-integrators - forwarders and
combination carriers’ - provide air cargo delivery through their coordinated efforts

(Figure 1).°

The integrators, such as FedEx and UPS, own al assets of production including physica
assets such as trucks and airplanes, labor assets, and information assets. Emerging from
the deregulation of 1978, integrators pursued innovative srategies for infrastructure,
product and information technologies. The hub-and-spoke network was aradica change
from the previous point-to- point network infrastructure increasing flexibility and capacity
utilization. They pursued a product strategy that focused on high value business
documents enabling standardized packaging, smplified pricing and documentation. Their
technology srategy developed tracking and tracing technologies and internd information
systems for monitoring system-wide performance. Using these dtrategies, in the U.S.
domestic market, the integrators grew from 4% of air cargo revenue in 1977 to 61% in
1999, an average of 25% growth per year (Boeing, 2000). The integration strategy has
proven highly successful in the domestic market.

In internationa markets, the integrators have ardatively smal presence. In 1997 they
held 6% of the internationd air cargo market, but they are expanding aggressively into



international markets and are close to reaching open skies agreements’ in anumber of
key regions. They are forecast to grow at 25% per year, reaching almost 40% of the
market by 2017 in contrast to the 6.4% forecasted growth for traditional air cargo
(Boeing, 2000). However, astheir core business comes under threst from electronic
communications, the integrators are branching into more diverse markets such as
industria shipmentsin direct competition with forwarders and carriers. This places
considerable pressure on forwarders and airlines to increase their on-time performance

and overdl responsveness to customer needs.

Nortrintegrated air cargo ddivery is provided through the coordinated efforts of

forwarders and scheduled airlines’. Forwarders package, document, and surface transport
shipments from shipper to scheduled airlines (e.g. Lufthansa, United) that transport cargo
in the bellies of passenger arcraft. About haf the world' s air cargo travelsin this

manner.

This study focuses on the role of the forwarder in the provison of on-time services. In the
eyes of the shipper or consignee®, the forwarder is the carrier and is held accountable for
on-time performance. The forwarder typicaly selects an arline for transport, books the
shipment, plans routing and transshipments, and plans the surface movement of the
shipment a source and destination. The forwarder has the expertise to assst in the
preparation of complicated documentation for specidized shipments and internationa
transport. Forwarders can aso provide expertise in the areas of packaging, insurance,
customs clearance and internationa payments. When shipments are consolidated with
other shipments with acommon degtination, the forwarder assumes the identity of

indirect carrier, accepting legd responsbility for shipments.

The Interorganizational Task of Air Cargo Delivery

Asnoted earlier, in great part the success of the integrators came from their ability to
gandardize and smplify the types of goods that they ship, thereby reducing uncertainty
and the opportunity for exceptions during task execution. Complex goods were l€eft to the



non-integrators to trangport. Perishable goods, live shipments, vauables, oversize
shipments, dangerous goods, and so on are “routing’ shipmentsin non-integrated air

cargo.

The heterogeneity of inputs influences the shipment task in two ways. Fird, they incresse
complexity of operations because of the diversity of procedures and practices that must
be maintained in order to handle the different types of shipments (e.g. dangerous goods,
live animds, vauables). Second, heterogeneous shipments increase the amount and

complexity of information required to satisfy regulatory restrictions.

The heterogeneity of generd air cargo is a counterpoint to the homogeneity of integrated
express delivery. The complexity of nor-integrated air cargo delivery isreflected in the
number of stepsit takesto get a shipment to its destination. An industry study found that
the forwarder-airline operations took 40 stepsin the ddivery cycle compared to only 11
steps by integrated carriers (Hamoen, 2001). The complexity in the nor+integrated
processis aso reflected in unplanned delays that result in lower on-time performance.
Fast and high qudity exchange of information between forwarders and arlinesis
anticipated to reduce delaysin air cargo operations and improve overd| orttime

performance.

Electronic I ntegration of Forwarders and Airlines

The success of the airline passenger reservation systems such as Sabre and Apollo
(Copeland and McKenney, 1988) led to the expectation of Smilar competitive advantages
in the cargo indugtry. Interorganizationd information systems (10S), systems that share
information eectronicaly acrass organizationa boundaries, are expected to

eectronically integrate the industry, lower costs and yield higher on-time performance. A
flurry of Cargo Community Systems (CCS) were developed during the 1980's and 1990's
by carriers (e.g. Encompass), airport authorities (e.g. Cargonaut), industry associations
(e.g. SITA) and third-party systems providers (e.g. SNS). CCS enable transmission of



documentation and tracking information among forwarders, carriers, consignees and
shippers. Vaued-added networks (VAN) emerged in the 1990s to provide a more genera
trade network with additiona services such as currency exchange servicesaswell as

control and data integrity services.

Despite decades of investmentsin |OS by airlines, forwarders and industry associations, a
recent industry survey by Unisysfound that over the last 20 yearsinternationa air cargo
shipments have improved from 6.25 daysto 6.0 days (Cargo Facts, 1997). Thisisa
counterintuitive finding given the apparent incentives to the industry to improve on-time
performance, and the expectation of the impact of eectronic integration.

Forwarder-Airline Relations

Reationships between airlines and forwarders are complex. Many of the ingtitutions of

ar cargo emerged during the period in which forwarders acted as licensed agents sdlling
gpace for only particular airlines. While this arrangement has changed, airlines have long
looked upon forwarders as direct agents and have a paterndigtic attitude toward the
forwarding industry. Some airlines see forwarders as purdly consolidators adding no
other value to the air cargo products, and compete head-to- head with forwarders for the
business of shippers.

While forwarders are generdly dwarfed in size by their airline partners, they can aso
have consderable sway with airlines. Firgt, forwarders make their money on the
difference between the price they receive from the shipper or consignee and the cost of
cargo space paid to airlines. Forwarders tender most of the internationd air cargo moved
by the scheduled airlines and play one airline againgt ancther for the lowest price.

Second, the attitude of many airlines towards cargo as incrementd revenue has given the
forwarders an upper hand in extracting low rates from arlines. Third, in the scheduled
carriers, passenger service requirements constrain cargo operations. This weakens the
ability of cargo operations to create differentiated services and compete on a basis other



than price. Despite their Size, as suppliers of air cargo space, the supplier power of

arlinesislow, while the buyer power of forwardersis high.

Asaresult of these factors the relationship between forwarders and airlines can be
characterized as traditiondly distrustful and uncooperative. We will argue that the nature
of the forwarder-carrier rdationship inhibits the impact of 10S gpplications on on-time

performance.

AN INFORMATION PROCESSING MODEL FOR IOSIMPACTS

In this section we propose an information processing mode of the impact of 10S on the
performance of an interorganizationd task. The modd is based on an organizationa
design framework of Galbraith (1973, 1977) and the work of Bensaou and Venkatramen
(1995) who extended this framework to the interorganizationd level.

The modd assumes that a key function of organizations is the processing of information
in order to coordinate the execution of atask. Any task can be decomposed into a series
of coordinated subtasks. Interorganizationa tasks require effective sharing of information
within and between organizations. The more complex the overdl task, the greater the
problem of coordinating the subtasks. The problem of coordination is a problem of
information; how to communicate information between decison-makersinvolved in the

performance of interdependent subtasks.

Information processing requirements of atask derive from uncertainty. Uncertainty isthe
difference between the information required to perform atask at adesired level of
performance and the amount of information available to the organization. Where all
required information is known before task execution, the task can be preplanned
(preprocessed) and no information needs to be exchanged between decisonmakers
during task execution. Where information is not available prior to task execution



information must be exchanged during execution. The greater the degree of uncertainty,

the grester the information processing requirements.

Information processing capacity is provided by coordination mechanisms that share
information across organizationa boundaries. In this study we focus on the use of 10S as
ameans of sharing information between organizations to coordinate an

interorganizationa task.

The mode asserts that the performance of an interorganizationd task is determined by
the “fit” between the information processing capacity afforded by 10S and the
information processing requirements arising from uncertainty in the task environment.

“Fit” can be interpreted as a match between the requirements and capacity (Tushman and
Nadler, 1978). High information processing requirements must be matched with high

information processing capacity in order to achieve performance godls.

In the mode presented in Figure 2 there are four dimensions of information processing

requirements, and Sx dimengons of information processing capecity.

Information processing requirements increase as a function of task, environmenta, and
interfirm relationship uncertainty. Task uncertainty arises from the anayzability and
variability of asupply-chain task. Environmental uncertainty arises from the degree of
changein the interorganizationa environment. Partnership uncertainty arises from
distrugt, conflict, and dependence between supply chain partners. Organizations
concerned with supply chain performance are continually facing Situations of increesing

processing requirements.

The match of requirements and capacity determines performance. Faced with an
informeation processing deficit, organizations must choose between two basic drategies:
reduce information processing requirements or increase information processing capacity.
The default do-nothing strategy results in compromising performance.



In the context of air cargo the modd might be interpreted as follows. The
interorganizationd task is the coordinated movement of shipments from origin to
destination coordinated across forwarders and airlines. Uncertainty, the source of
information processing requirements, arises from exceptions in the shipment process.
Simple tasks in a stable environment and forwarder-airline relations characterized by low

conflict, high trust, and balanced power give rise to few exceptions during task execution.

Complex tasks in dynamic environments with forwarder-airline relations characterized by
high conflict, low trust and unbaanced power give rise to many exceptions during the
shipment process. Exceptions create delays and reduce overal task performance.

Dimensions of Information Processing Capacity

|OS provide information processing capacity by sharing information between decison
makers in different organizations throughout the supply chain. We hypothesize that the
level of investment in 10S, type of 10S, intengty of use of the |OS, and the degree of
electronic connectivity with other organizations will affect the overal information

processing capecity.
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Figure 2 Information Processing Mode for |OS I mpacts

Information processing capecity is provided by 10S such as EDI, Cargo Community
Systems, or web-based systems that provide processing capacity in the form of dectronic
document exchange and tracking information. Document exchange dlows critica

shipment information to be transmitted downstream in advance of shipment arriva.
Tracking and tracing technologies can provide in-trangt vighility of shipmentsand an
early warning system to reduce their impact of delays on performance, and as systemsto

exchange information once delays occur.

Information processing capacity in this study isthe product of 1) IT invesment, 2) IOS
technologies, 3) intengity of use, and 4) connectivity.

|OS investment reflects the level of expenditures on 1OS. On apractica leve, separating
|OS expenditures from tota information technol ogies expenditures is problematic.
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| OStechnologies. The type of 10S technology can affect what information is shared, how
it is shared, and the accessibility of the information. In the context of air cargo we

identify EDI, Cargo Community Systems, and tracking and tracing technologies as the
mogt sgnificant 10S technologies available for coordinating supply chain operations.

|OSintensity. 10S can be used a varying levels of intensity, reflecting usage and
integration of the 10S into task operations. Higher intengity provides greater exchange of
information between organizations.

| OS connectivity is the proportion of other organizations with which an organization
maintains eectronic links. Firms that have high connectivity have grester capacity to

share information with their partners than those firms with lower connectivity.

Dimensions of Information Processing Requirements

Uncertainty, as manifested through exceptions ariang in the execution of an
interorganizationd task, is the source of information processing requirements.

The model identifies three generd sources of uncertainty in the interorganizationd task
environment: 1) task uncertainty, 2) environmental uncertainty and 3) uncertainty in the
interfirm relationships.

Task Uncertainty

Our modd identifies task variability and task andyzability as two sources of task
uncertainty. These types of uncertainty influence the amount of information required to
perform a supply chain task by affecting task complexity and the amount of information a

decison-maker must consider during task execution.



Task Variability

Task variability refers to the frequency with which unanticipated events occur during the
execution of the interorganizationd task requiring non-routine procedures to be used in
the execution of the task. Tasks that are unpredictable have greater uncertainty and a
greater number of exceptions and information processing needs during task execution
(Gdbraith, 1977).

Astask variahility increases, the behavior of critical eements of the task become
increasingly unpredictable and information requirements between decisiontmakersin the
supply chainincrease in order to coordinate the task at the desired level of performance.
Task variability isreflected in the number and complexity of decisonsthat arise during
task execution. Where there are awide variety of exceptions to manage, decision-makers

are faced with more complex decision tasks.

Task Analyzability

Task analyzability is the extent to which there is a*“known procedure that specifies the

sequence of stepsto be followed in performing atask” (Bensaou and Venkatramen,
1995:1475).

The andyzability of an interorganizationd task reflects the level of understanding of al
the steps required to execute the task. Tasks that are anayzable lend themsdves to
preplanning. Highly analyzable tasks have fewer exceptions that occur during task
execution and thus have lower processing requirements. Tasks that are not analyzable

cannot be preplanned but require congtant management during execution.

Environmental Uncertainty

Lawrence and Lorsch (1967) observe that firms do not operate in isolation from their
environments, and thet environmenta complexity influences internd uncertainty. The
greater the ingability of the genera environment, the greeter the uncertainty facing
decison-makers (Tushman and Nadler, 1978). When the environment is stable, firms can

13



preplan and reduce much of the information that is required during task execution. When

the environment is ungtable it will result in more exceptions during task execution.

There are many potentia sources of environmental uncertainty, however we center our
attention on examine environmenta dynamism. Dynamiam reflects the extent to which
task-relevant characterigtics of the environment are changing. Where the environment is
changing, cause-and- effect relationships between the environment and the firm become
unclear (Daft and Lengel, 1986).

Interfirm Relationships

The relaionship between organizations involved in the performance of an
interorganizationa task is a source of uncertainty and information processing
requirements. As organizations become more interdependent, interfirm relations incresse
in their sgnificance as a source of uncertainty. Kumar and van Dissdll (1996:283) argue
“the closer the coupling or interdependency, the greater the intentiond or accidental harm
one unit can inflict upon the other”. We argue that the greater the interdependency
between firms, the greater the potentia for issues of power, trust and conflict between
partners to create uncertainty about the execution of ainterorganizationd task.

Power and Dependence

Emerson (1962:32) argues that one party’s power “resdesimplicitly in the other’'s
dependency”. The power of one party to control or influence another resdesin the
control the first has over things the second vaues. He defines power as potentia

influence, where the power of party A over party B isequa to the dependence of B on A.

Unbaanced power relations lead to uncertainty through coercive actions, opportunistic
behavior, or ingability. Where thereis a power imbaance, one firm has the ability to
influence how another usesiits resources to perform an interorganizationa task. The



power imbaance may provide the more powerful firm the ability to take advantage of the
less powerful firm. Emerson asserts that where one party has greater power than the
other, the Sitution is unstable, and sets in motion processes which atempt to reduce the

costs of meeting the more powerful party’s demands and “ balancing operations’.

A powerful firm may lead to anti-information sharing behaviors towards the less
powerful firm such as reducing vighility into its operations or denying information to the
less powerful firm. Such behaviors can create uncertainty for both parties during task
execution. “ Access to or control over information flows and power are two sides of the

samecoin” (Huigen, 1993).

Relationships between dependency and the use of 10S have been established in prior
dudies. Hart and Saunders (1997) argue that firms with greater power can influence their
trading partners to adopt and EDI. However, when firms use coercive power to force use,
the less powerful partners may be left vulnerable. Clemons and Row (1993) argue that
where bargaining power islow between partners, less powerful firmswill be resstant to
adoption despite apparent benefitsof IT.

The relationship between power and supply chain performance has been explored in a
recent study by Maoni and Benton (2000). They find that different sources of power
influence the interfirm rdaionshipsin the supply chain. The interfirm reaionships, in
turn, influence supply chain performance. The information processng modd suggests
that the relationship between power and performance is moderated by information

processing capecity.

Trust

Interorganizationa trust is defined by Zaheer et d. (1998) as “the extent of trust placed in
the partner organization by the members of afoca organization” (p. 142). They define
trust itsdlf as the expectation that an actor (1) can be relied on to fulfill obligations, (2)

15



will behave in a predictable manner, and (3) will act and negotiate fairly when the
possihility for opportunism is present.

From atransaction perspective, trust reflects a calculated decision by a party to the
transaction about the risks of opportunism. From an ingtitutiona perspective, inditutiona
arrangements (e.g. regulations, professions, laws, rules) produce the trust that supports
complex economic systems. Disgtrust leaves a party vulnerable, requiring more
information to mitigate their uncertainty about the behavior of thelr partners. The
exchange of reliable and accurate information is one facet of trugting rdaionships, in
which partners share rather than withhold information (Mishra, 1996). Maone and
Rockart (1993) asserts that 10OS can mitigate the uncertainty crested in low trust
Stuatiorsby:

Making remote decison makers more effective

Controlling and monitoring remote decison makers

Socidizing remote decision makers and building loyaty

I nter or ganizational Conflict

Conflict is defined as a Situation in which one member of the supply chain “percelves
another member as engaging in behavior designed to injure, thwart, or gain resources at
its expense” (Bowersox and Closs, 1996:324-325). Conflict between supply chain
partners arises from incompatible gods, indtitutiond differences, breskdownsin
communication, and differing perceptions of appropriate roles (Taylor and Jackson,
2000).

Performance

The model asserts arelationship between |OS use, uncertainty, and performance of an
interorganizationd task. Thisstudy of air cargo delivery focuses on asingle measure of

performance: on-time delivery. The sgnificance of on-time ddlivery to the air cargo

16



industry has been discussed earlier, but we note that it is only one measure of

performance relevant to the supply chain.

RESEARCH HYPOTHESES

“Fit” has been varioudy interpreted in studies of the information processing modd. In

this sudy we pursue an interaction interpretation of fit. This gpproach argues that the
vaiation in performance is the result of the interaction between sources of information
processing requirements and information processing capacity. The strength of this
interpretetion of fit isits gpecificity, identifying interactions between specific sources of
information processing requirements and capacity. Statigticaly, the interaction is usudly
represented as a product term in aregression equation. A “pure interaction” interpretation
asserts that there will be a purdly interactive effect of 10S and uncertainty on
performance. Our firgt hypothess.

Thereisa direct relationship between 10S use and performance of the
interorganizational task.

Conggtent with the interaction approach, we must specify hypotheses for each interaction
of requirements and capacity:
Hvarianility: INterorganizational task variability will moderate the relationship
between 10S use and supply chain performance
Hanalyze: Interorganizational task analyzability will moderate the relationship
between 10S use and supply chain performance.
Hpynamism: Environmental dynamism will moderate the relationship between 10S
use and supply chain performance.
Hrus: Interorganizational trust will moderate the relationship between 10S use
and supply chain performance.
Hcontiict: 1Nterorganizational conflict will moderate the relationship between |OS

use and supply chain performance.

17



Hpower: INterorganizational power will moderate the relationship between 1OS use

and supply chain performance.

METHODS

Resear ch Design

The datafor this study were collected from senior executivesin charge of ar cargo
operations in forwarding organizations. The fieldwork proceeded in two stages. Firdt, a
series of semi-structured interviews were conducted with forwarders, carriers,
associations and information systems providers. These interviews were complemented by
observation of ar cargo operations in the hub of alarge internationa carrier. The
interviews were focused on clarifying how 10S were being used, their effectiveness, and

the issues facing the use of IOSin ar cargo.

In the second stage we designed a structured questionnaire for freight forwarders. Two
pretests of the instruments were conducted with a senior executive from each of seven
companiesin afirs pretest and eight companies in a second. Pretest participants were
senior executivesin forwarding companies, arlines, and third party information system
providers.

Sampling proceeded as follows. The survey was mailed to senior executivesin 1,490
forwarding firms operating in the U.S. and U.S. territories® Three reminders were sent to
respondents. Responses were received from 195 forwarders with one unusable response,
representing an effective response rate of 13.1%.

The response rate reflects the length of the questionnaire'®, the pre-Winter Holiday
timing of the survey, and the fact that in many forwarding companies air cargo
congdtitutes a smal| percent of their business. However, this response rate fals within the
10 to 20% expected response rate for nationa surveys of top managers (Hambrick et d,
1993). ). Non-response bias occurs when norrespondents differ sysiemetically from

18



respondents on key characteristics and is athreat to external validity. Becauselate
respondents have been shown to resemble nonrespondents more than they resemble
early respondents (Kanuk and Berenson, 1975) correlations between response order and
severd key congtructs (revenues, tonnage, shipments, IT expenditures) were examined.
There were no satigticdly sgnificant differences between the demographic

characterigtics of the respondents between the first wave and the last wave of
respondents.

Operationalization of the Modd Variables

Validated measures were used where they were available from previous studies. For
variables unique to this study content vaidity was assessed using data from the
qualitative phase and through interviews with senior executives. The measures for each
congtruct aregivenin Tables 1, 2, and 3 with adescription of the indicators and thelr
scales. Condruct vdidity was tested usng common factor analysis with maximum
likelihood extraction and varimax rotation. The rdiability of the seven multi-item
congtructs ranged from .58 to .80. Given the exploratory nature of this research it was
decided to retain the congtructs with the two lowest rdligbilities. task variability (.58) and
environmenta dynamism (.67).

19



Table 1 Measures of Information Processing Capacity

Information Processing Capacity
Items Description
Investment 1 Percent of gross revenue spent on information
technology
Technologies 1 Dichotomous item (use/don’t use) for eectronic
data interchange (EDI).
1 Dichotomousitem (use/don’t use) for Cargo
Community Systems (CCS).
Intensity 1 Percent of outbound shipments with eectronic
AWB',
1 Percent of outbound shipments with complete
€lectronic documentation
1 Percent of shipments dectronicaly tracked or
traced at least once during transport.
Connectivity 1 Percent of shipping, trucking, forwarder, arline,
customs, and consignee relationships that are
primarily eectronic

20



Table 2 Measures of Information Processing Requirements

Information Processing Requirements

Items
(rdiability)

Description

Task Variability

3
(.58)

Freguency of exceptional and novel events which
require different methods for performing the task.
The extent to which 1) operationd problems
frequently arise for which there are no standard
solutions, 2) the extent to which operationd

problems are routine and have routine solutions, 3)
the extent to which the number of exceptiond
problems are risng. Theindicator is measured

using a5-point interva scae ranging from “to no
extent” to “very great extent”.

Tak
Andyzzhility

(.72

Extent to which there is a known procedure that
specifies the sequence of steps to be followed in
performing the task. The indicator is composed of
three items. The extent to which 1) there are clearly
established procedures and practices to guide agents
in planning and fallowing shipments, and 2)
operaiona performanceis easy to measure. The
indicator is measured usng a 5-point interva scae.

Environmentd
Dynamism

(.67)

Degree of change in the firm’'s environment. The
extent to which 1) our firm must change its busness
practices frequently, 2) changesin the products
offered by competitors are hard to predict, 3)
product demand is hard to predict. The indicator is
measured using a 5-point interval scae.

Trust

(72)

Degree of trust that exists between firms. The
indicator is composed of three items. The extent to
which 1) The airlines we ded with adhereto
agreements, verba and written, 2) our informeation
relationship with arlinesis open and sharing, 3)
arlinesare wdl known for their far dedling. The
indicator is measured usng a 5-point interva scae.

Conflict

(na)

Degree of disagreements between parties. Extent of
frequent disagreements with airline. The indicator is
measured using a 5-point interva scae.

Supplier Power

(na)

The extent to which the supplier (airline) has
influence over the buyer’s (forwarder) operational
practices. The indicator is measured using a 5-point
interval scale.

Buyer Power

(na)

The extent to which the buyer (forwarder) has
influence over the supplier’s (airline) operational
practices. The indicator is measured using a 5-point
interval scale.
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Table 3 M easures of Performance®?

Performance
Items Description
Domestic On 1 Percent of shipments available to the consignee at
Time (na) the destination airport: Just before or just a the

scheduled ddivery time/ Within 4 hours of the
scheduled ddivery time/ Within 12 hours/ Within
24 hourg Within 48 hours’ Within 72 hours.
The items were reduced to a single measure by

using aweighted average.
Internationa Or+ 1 Percent of shipments available to the consignee at
Time (na) the destination airport: Just before or just a the

scheduled ddivery time/ Within 4 hours of the
scheduled ddivery time/ Within 12 hours/ Within
24 hourd/ Within 48 hours Within 72 hours.
The items were reduced to a single measure by
using aweighted average.

FINDINGS

Basic decriptive statistics are displayed in Tables4 and 5. Prior to andysswe
performed data screening activities. Severd firms were contacted for their revenue and
tonnage data and serioudy norn-norma distributions were transformed before find
andysis®™®




Table 4 Descriptive Statistics

N** | Min. [ Max. [Mean| SD. |Skewness> Kurlté)sis
10S
IT Investment 1690 0.000 1.491f 0.743 0.345 0.146 -0.525
EDI Use 1790 0.000, 1.000| 0.358 0.481 0.600 -1.659
CCSUse 195 0.000, 1.000| 0.262] 0.441 1094 -0.812
Electronic Air 166/ 0.000, 100.000| 27.21] 41.394 0.980 -0.927
Wayhills 1
Electronic 158 0.000, 100.000 17.01 34.781 1785 1421
Documentation 3
Tracking 172 0.000, 100.000] 47.55 41.187 0.087] -1.684
2
Connectivity 140 0.000, 10.000| 3.795 2.653 0.357| -0.564
Sour ces of Uncertainty,
Task Variability 180 -1.488  2.162| 0.000 0.773 0331 0.030
Task Anayzability 184 1.000, 5.000| 3.840 0.796 -0.356] -0.127
Environmental 182 -1.662] 2.167| 0.000, 0.856 0184 -0.135
Dynamism
Trust 187] -2.169 1.730] 0.000, 0.861 0.082] -0.282
Conflict 186 1.000, 5.000[ 2.339 1.039 0540 -0.332
Buyer Power 184 1.000, 5.000f 1.870 1.053 1059 0433
Supplier Power 180 1.000, 5.000| 2.833 1.275 0.023 -1.029
Table 5 Descriptive Statistics
N [ Min. | Max. [Mean| S.D. | Skewness| Kurtosis|
Dependent Variables
Domestic Performance 74 0.0000 1.690| 1.052 0.451 -0452 -0.451
International 158/ 0.005{ 1.790| 0.909 0.471 0.137] -0.780
Performance
Controls
Revenue 195 0477 6.141) 3.107| 0.955 0245 1.025
Shipments— U.S. 195 0.000] 1.982 0.542| 0.709 0920 -0.737
Shipments - Canada 195 0.000] 1.695 0.356| 0.402 0.773] -0.426
Shipments - Western 195/ 0.000] 1.959| 0.963 0.671 -0.284 -1.310Q
Europe
Shipments - Eastern 195/ 0.000] 2.004{ 0.414{ 0.505 1111 0.289
Europe
Shipments - Middle 195 0.000, 2.004{ 0.504f 0.564 0.801 -0.489
East
Shipments - Far East 195 0.000] 2.004{ 1.049 0.655 -0.266) -1.017
Shipments — Latin 195 0.000, 2.004{ 0.727| 0.613 0425 -0.812
America

Inthefirgt stage of the andlyss, corrdation analysisis used to assess the direct impact of

|OS use on internationa on-time performance. In the second stage of the andysis,
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moderated multiple regression anayss (MMR) is used to assess the interaction of
sources of uncertainty and 10S on on-time performance. A description of the MMR
technique is found in Appendix I. The control varigblesin al regressons are the air cargo
revenues and the percent of the firm’s shipments destined for key international
geographic regions. The log of the dependent and al control variables are used in the
andyss.

Direct Impacts of 10S on Logistics Supply Chain Performance

Our first hypothesisisthat thereis a direct relationship between 10S and performance.
Examining the corrdlations™” between |0S dimensions and domestic and international on-
time performance we find only one significant correlation. Connectivity and internationd
on-time performance were negatively corrdated at a <.05. Connectivity isamessure of
the penetration of 10S into the forwarder’ s network of partnerships. The other measures
of 10S were not sgnificantly correlated with performance including key measures of 10S
investment and EDI measures. We conclude that there is no support for the hypothesis
that thereisadirect impact of 10S on performance.

The absence of adirect relationship between 10S use and performance could mean that
thereisno impact a al of 10S on performance. To determine if thereis an interaction
effect present we proceed to the interaction anayss.

Table 6 Correlations Between 10S Use and Performance

On-Time

= Q Q
Performance T % = 8 5 2
I B < S
-) D o = = =
(p<.05; g 2 5 £ 5 3 3
. g 0O Q S = © =
2-tailed). = TE (@) *8' § — 8

Domedtic -0.036 -0.153 0.001 0.018 0.054 0.059 -0.137
Internationa  -0.032 -0.003 0.048 0.080 -0.007 -0.021 -0.193
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CORRELATIONSBETWEEN IOSAND PERFORMANCE MEASURES

I nteraction Effects of Uncertainty and 1OS on Performance

Table 7 provides the basic details of the MMR analysis for the twelve sgnificant
interactions. The table provides the adjusted squared multiple correlations for the full
regresson modd including the interaction term, the change in squared mulltiple
corrdation, and the full modd significance. The adjusted squared multiple correlation
indicates the percent of variance in the dependent variable accounted for by the mode!.
The change in squared multiple correlaion indicates the additiona variance explained by
the interaction term. Significance is provided for the interaction term and the modd!.

Wefind evidence of significant relationships between interactions of dimensions of
uncertainty and 10S and supply chain performance. Ten interactions were found on
internationa on-time performance and two for domestic on-time performance.
Summarizing the findings, we find evidence of interactions of task, environment, and
partnership uncertainty with dimensions of 10S use to affect on-time performance. For
the congtruct of task, interaction effects of task variability and andyzability with I0S are
found. For environment, dynamism is found to interact with 10S. For partnerships,
conflict, supplier dependence and supplier power are found to interact. We find support
for the hypotheses that uncertainty dimensions of task, environment and partnership
interact with dimensions of 10S to impact logistics supply chain performance.
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Table 7 Summary of the MMR Analysis

Intera- | Model
Uncertainty Adj. tion Sig. | Sig.
Dimensions |OS Dimensions N* R? ?R? (p<) (p<)
o EDI (D) 66 .098 048 | .10 .05
Task Variahility
Connectivity(l) 111 183 024 | .10 .001
Task IT Investment (D) | 66 092 086 | .05 10
Andyzahility EDI (1) 137 197 020 .10 .001
Interorganizatio _ 122 120 019] .10 01
) IT investment (1)
na Conflict
. EDI (1) 132 184 023 .10 .001
Supplier Power
Connectivity (1) 107 196 029 .10 .001

(D) = Domestic on-time performance; (I) = Internationa on-time performance

DISCUSSION

Support for the I nformation Processing Model

The study found saven interactions between dimensions of information processing

cagpacity and dimensions of information processing requirements. The detection of the

interactions supports our hypotheses that dimensions of task, environment and

partnership uncertainty interact with dimensions of 10S to predict on-time performance.

From the information processing view these findings support the argument that the level

of performance depends on the fit between information processing requirements arisng

from contextua uncertainty and information processing capacity provided by 10S.
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The Significance of Context

The absence of direct effects of 10S on performance'® combined with the detection of
interactions suggests that the effect of 10S on operationa performance can only be seen
in the presence of athird moderating variable. This reinforces the significance of

including context in models of operationa impacts of 10S. This might aso explain the
difference in findings between studies that have not found a direct effect (e.g. Powdl and
Dent-Micallef, 1997; Venkatramen and Zaheer, 1990), and those that have (e.g. Hart and
Estrin, 1991, Kekre and Mukopadhyay, 1992).

The findings demongtrate the benefits of a socio-technica approach towards
understanding 10S impacts on supply chain performance (e.g. Kling and lacono, 1989).
The study demondtrates that a technologicaly determinigtic perspective of 10S impacts,
ignoring contextud influence, is naive in its assumptions. In the context of the supply
chain literature, the discussion of interfirm reationshipsis often characterized by
language of cooperation and joint coordination that smooth the trandfer of information.
The findings suggest that eectronic integration must so contend with issues of power
and conflict that influence the amount of information that needs to be exchanged between

organizations.

The significance of the findings for the development of 10S for dectronic integration are
that design, adoption and implementation of systems should congider the impact of
relevant task, environmental and partnership factors in the supply chain context in order
to increase the likelihood of positive impacts of 10S on performance.

Granularity of Models

The findings of the Sudy indicate that it is possible to take a fine-grained approach to the
study of the role of information technologies in eectronic integration. The twelve
interactions between digtinct dimensions of 10S and particular dimensions of context
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suggest that models of effective use of 10S in supply chains can be extended to reflect the
subtlety and complexity of the use of 10S for dectronic integration.

Thefact that all these moderating factors are operating Smultaneoudy within asingle
industry and a single supply chain task underscores the complexity of |0S impacts. Any
sangle factor may be respongible for only asmal portion of variance in supply chain
performance. A more holistic gpproach toward modeling performance impacts of

electronic integration is required.

CONCLUSION

This sudy examines the impact of eectronic integration of the logistics supply chain and
atempts to identify limits of thisintegration. We point out, that as technologies evolve
that these limits may well change. Nonethdess, identifying these could influence future
information systems development.  Our study finds that dimensions of task, environment
and partnership interact with dimensions of interorganizationd information processing
capacity to predict supply chain performance. What this suggestsis that the use of
electronic integration as a drategy to improve operationd performanceislimited by the
nature of the particular task, the supply chain environment, and the quality of the
partnership between firmsin the supply chain.
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APPENDIX |: MODERATED MULTIPLE REGRESSION

Moderated multiple regresson (MMR) seeks to identify amoderated causal relationship
in which the relationship between an independent variable X and a dependent variable Y
is moderated by athird variable Z. The relaionship between X and Y varies depending on
the vdue of Z. The interaction between independent variables X and Z models can be
interpreted as both the moderating effect of Z on the relationship between X and Y and the
moderating effect of X on the relationship between Z and Y. In this study the moderator Z

is the sources of uncertainty.

The MMR procedure requires testing interactions between each of the uncertainty
variables and each of the |OS variables. With two performance measures as our
dependent varigbles this results in examining X regression equations for significant

interactions.

MMR uses sandard hierarchica regression techniques to detect moderator effects. We
use aregression strategy recommended by Cohen and Cohen (1983) and Jaccard et al.
(1990) that uses a product term X* Z to model the interaction between independent
variables X and Z, where Z is the hypothesized moderator. If amoderator effect is
present, then the coefficient of the product term will be sgnificantly different from zero,
and the difference in squared multiple correlaion between the main effects mode (1) and

the interaction modd (2) will be significant.?

Yi = bp + (Controls) + byX; + bzZi + g Q)
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Y, = b + (Controls) + byX; + bzZi + byzXiZ + & )

The regression coefficient of the interaction termin (2) isinterpreted as.
byz = the number of units that the dope of Y on X changes given a one-unit changein Z.

Or, for every unit increase in Z, the dope of Y on X changes by byz.

Thetest of the null hypothesis, Hy: bxz = 0, isatest for ardiable moderating effect of Z
on the X-Y reationship (McCldland and Judd, 1993). If the F-test is Sgnificant we can
reect the null hypothesisin favor of the dternative hypothesis that an interaction is

present.

The strength of the moderator effect isindicated by the size of the change in squared
multiple correlation between the main effects mode and the interaction modd. The
change indicates the percent of variance in the dependent variable accounted for by the

interaction effect.

1 319% of world air metric tonnage is moved in the domestic U.S., U.S.-International air freight accounts for
another 25% (Boeing, 1998). Thisincludes both U.S. and non-U.S. airlines and forwarders.

2 This number includes all scheduled and non-scheduled national and regional airlines.

3 The largest integrators are FedEx and UPS which carried 70% of shipmentsin 1992. Forwarders and
airlines moved approximately 20% of shipments. In weight FedEx and UPS moved 30% of the weight
while forwarders and carriers moved 50%. Inrevenue, FedEx and UPS had a 50% share of air cargo while
the forwarders and airlines had 25%. This emphasi zes some distinctions between integrated and forwarder-
airline operations.

* Combination carriers are scheduled airlines that carry a combination of both passengers and cargo.

® All-cargo carriers can be organized as integrators or non-integrators but are not included in the current
study

6 Open sky agreements provide airlines accessto regional air cargo marketsto

offer services without restrictions.

" These airlines are often called combination—carriers as they carry both passengers and cargo.

8 The consigneeis usually the party paying for the shipment in commercial transactions.



® Cargo Network Services, awholly owned non-profit subsidiary of the International Air Transport
Assaciation (IATA) provided the mailing list for the survey. Its membership accounts for 90-95% of al air
cargo revenues from shipments on scheduled air carriersin the United States. CNS provided support for the
survey mailout and for faxing reminder letters. Returned surveys were mailed directly to the researchersin
prepaid envelopes.

10 The full survey contained 50 questions.

Y Theair waybill (AWB) provides administrative, financial and operational

information critical to the shipment process.

12 Clearly there are many other important measures of performance. The integrators began competing on
this measure with guaranteed delivery times. Therefore, it seems a reasonable measure to examine, when
examining the impact of IT (10S) in the non-integrated sector.

13 Screening continuous variables for normality increases the quality of the multiple regression and
potentially can reduce the number of cases required to detect an interaction. Although normality of
variablesis not arequirement for regression, the sensitivity of the analysis can be greatly improved if
variables are all normally distributed (Tabachnick and Fidell, 1996). In particul ar, the transformation of a
skewed dependent variable can dramatically improve resullts.

14N varies due to missing values.

15 Skewness reflects symmetry of adistribution. Positive skewness indicates a distribution where the bulk

of the cases areto the left and with along right tail. A normal distribution has skewness of zero.

16 K urtosisis ameasure of the peakedness of a distribution. Positive kurtosisindicates a peaked distribution
with long tails. A negative kurtosisindicates aflat distribution. A normal distribution has skewness of zero.
17 Correlations were performed using both Pearson product-moment parametric and Spearman rank
nonparametric measures of correlations.

18 N for domestic performance ranges from 56 to 74; N for international ranges from 115 to 158. N for

each variableincluded in the analysis varies according to the number of missing responses. Missing values
were not included in the regression analysis. The one exception is that missing val ue replacement was used
for the revenue control variable to increase the number of usable cases. We used mean substitution from the
transformed population as the original transformation was highly skewed. Thirty-five missing values were
replaced in thisway.

19°0f the eleven dimensions of 10S, only the measure of connectivity was significantly correlated to
international on-time performance. Thisis not ameasure of 10S adoption per se, but areflection of the
E)enetration of IOSinto the forwarder’s network of partnerships.

% Some authors have suggested centering variables prior to MMR analysis to avoid problems of
multicollinearity (e.g. Jaccard et al, 1990; Cohen and Cohen, 1983). However, it has been demonstrated by
Kromrey and Foster-Johnson (1998) that MMR using centered and uncentered variables yield functionally
equivalent results. Therefore uncentered variables will be used in our analysis.





