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This paper is the first test of a parsimonious model that posits three factors as determinants
of the adoption of electronic data interchange (EDI): readiness, perceived benefits, and exter-

nal pressure. To construct the model, we identified and organized the factors that were found
to be influential in prior EDI research. By testing all these factors together in one model, we
are able to investigate their relative contributions to EDI adoption decisions. Senior purchasing
managers, chosen for their experience with EDI and proximity to the EDI adoption decision,
were surveyed and their responses analyzed using structural equation modeling. All three
determinants were found to be significant predictors of intent to adopt EDI, with external
pressure and readiness being considerably more important than perceived benefits. We show
that the constructs in this model can be categorized into three levels: technological, organiza-
tional, and interorganizational. We hypothesize that these categories of influence will also be
determinants of the adoption of other emerging forms of interorganizational systems (IOS).1

(Electronic Data Interchange; Electronic Commerce; Interorganizational Systems; Adoption of IT; Em-
pirical Research; Partial Least Squares)

1. Introduction
According to the Economist (February 26, 2000), it is
estimated that business-to-business (B2B) transactions
will be more than 80% of the expected $3 trillion elec-
tronic commerce (EC) market by 2003. As B2B EC gains
prominence, electronic data interchange (EDI) will re-
main an important enabling technology. To illustrate,
the market for EDI software, products, and consulting
services is predicted to grow from $800 million in 1997
to $2 billion annually in 2001 (Densmore 1998). Given
the ongoing importance of EDI, the objective of this
study is to test a parsimonious predictive model that
posits three factors as determinants of the adoption of
electronic data interchange (EDI): readiness, perceived
benefits, and external pressure. To construct the model,

1A previous version of this paper was presented as a work-in-
progress paper at ICIS 1997.

we identified and organized the factors that were
found to be influential in prior EDI research. By testing
all these factors together in one model, we are able to
investigate their relative contributions to EDI adoption
decisions. We believe that this model can be general-
ized to other interorganizational information technol-
ogy (IT) innovations.
Although 95% of Fortune 1000 firms have imple-

mented EDI, only 2% of the remaining 6 million busi-
nesses in the U.S. have done so (Densmore 1998).
Though the largest firms have aggressively encour-
aged EDI adoption, they have, on average, been able
to motivate only 20% of their partners to adopt. The
remainder, often comprised of small- and medium-
sized enterprises (SMEs), have resisted adopting EDI
for reasons that are not fully understood (Bouchard
1993, Hart and Saunders 1997). Given the ongoing im-
portance of EDI, it is important to understand how to
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improve EDI adoption rates by developing and testing
a parsimonious model that includes the key success
factors identified in earlier work. Such work can also
serve as the theoretical and empirical basis for research
on other forms of interorganizational systems (IOS),
such as business-to-business electronic commerce
exchanges.
The rest of the paper is presented as follows. Sec-

tion 1.1 reviews prior research on EDI. Section 2 de-
scribes the theoretical framework used in this paper.
The research methodology is described in §3, followed
by the results in §4. The paper concludes in §5.

1.1. Prior Research on EDI
EDI promises many benefits, ranging frommodest (re-
duced communication and administration costs and
improved accuracy) to transformative (enabling busi-
ness process reengineering or supporting industry
value chain integration initiatives such as just-in-time
inventory, continuous replenishment, and quick re-
sponse retailing). Because of these potential benefits,
EDI has been extensively studied using several theo-
retical perspectives.
A fundamental approach for the study of the adop-

tion of new technologies is the diffusion of innovations
(DOI) (Tornatzky and Klein 1982, Rogers 1995), which
has been, either explicitly or implicitly, a foundation
for much of EDI research (e.g., O’Callaghan et al. 1992,
Premkumar et al. 1994, Teo et al. 1995). The focus of
DOI research is on the “perceived characteristics of the
innovation” that either encourage (e.g., relative advan-
tage) or inhibit (e.g., complexity) adoption. For exam-
ple, O’Callaghan et al. (1992) examined independent
property and casualty insurance agents and found that
relative advantage was a predictor of intent to adopt, as
well as a differentiator between adopters and non-
adopters. Likewise, in a survey of EDI adopters,
Premkumar et al. (1994) found that relative advantage
and compatibility are predictors of the extent of “adap-
tation”—the degree of EDI usage in its first application
(operationalized as either purchase orders or invoices).
Teo et al. (1995) used innovation diffusion theory to
predict intent to adopt financial EDI in Singapore.
Their findings show that complexity is a strong inhibitor
of intent to adopt, as is their measure of the perceived
risks of adopting.

Because the DOI-based research is focused on the
perceived characteristics of the particular technology,
we label this perspective “technological.” While the
technological perspective afforded by DOI undoubt-
edly explains a portion of the EDI adoption decision,
it is primarily based on individual-level adoption de-
cisions. However, EDI adoption is almost always an
organizational-level decision executed in an interor-
ganizational context; therefore, there are clearly as-
pects of the EDI adoption decision that are not cap-
tured by looking solely at (perceptions of) the
technology of EDI. Thus, much of the research on EDI
has taken an “organizational” approach, focusing on
organizational characteristics as well as the inherent
attributes of EDI technology. Although there is obvi-
ous overlap between the technological and the orga-
nizational perspectives, in light of the fact that per-
ceived attributes of the technology are considered
relative to the adopting organization, these two ap-
proaches are conceptually distinct in that they focus on
different units of analysis: technologies versus
organizations.
Organizational adoption of a technological inno-

vation can be positioned within a much larger body
of innovation research conducted by economists,
technologists, and sociologists (see Gopalakrishnan
and Damanpour 1997 for a comprehensive literature
review). Within the sociologists group, the process
view of innovation (or adoption of innovations) treats
all innovations as equivalent units of analysis, and thus
does not differentiate among different innovations
with different attributes. Conversely, IS research can
largely be classified into the variance sociologists
group, and has focused on the innovation level of anal-
ysis and the development of “middle-range” theories
of innovation (Gopalakrishnan and Damanpour 1997).
Such theories focus on the attributes of the innovation
and propose relationships between these attributes
and the antecedents and consequences of adoption,
acknowledging that some attributes of a particular
technology will vary across organizations (such as
compatibility).
Grover (1993), taking a comprehensive “bottom-up”

approach, empirically identified five factors that statis-
tically discriminated between firms that have and have
not adopted EDI: (i) proactive technological organization,
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(ii) internal push, (iii) market assessment, (iv) competitive
need, and (v) impediments. Reich and Benbasat (1990)
examined the adoption of customer-oriented strategic
systems, finding that adoption was related to customer
awareness of need and support. Rogers (1995) exam-
ines the factors leading to organizational innovativeness,
which include, among others, organizational slack and
size. (Because this model focuses on the overall inno-
vativeness of an organization—i.e., the process ap-
proach to innovation—rather than the adoption of a
particular technology, it does not provide a testable
model of EDI adoption.) The size and slack factors are
one possible explanation for the greater rate of EDI
adoption among very large (e.g., Fortune 1000) firms,
as organization size has consistently been recognized as
a driver of organizational innovation (see Damanpour
1992, for a meta-analysis).
Because adoption of EDI requires coordination be-

tween at least two organizations, the relationship be-
tween the organization and its prospective trading
partner(s) becomes salient. In the best-case scenario,
both firms agree that adoption is in their best interest.
EDI is an example of a technology with positive exter-
nalities or network effects; thus, the actions of one firm
will depend on (its perception of) the collective actions
of other firms (i.e., are there enough firms adopting
this technology to make our adoption worthwhile?).
Collective actions and technology have been studied
within a number of disciplines; Bouchard (1993) labels
this collected work “critical mass theory.” However,
the positive benefits of having a critical mass of firms
adopting the same technology is only one aspect of
interorganizational relationships and EDI adoption.
Another significant factor is enacted power, such as
when one organization “encourages” or coerces its
trading partners to adopt EDI. In the context of EDI
adoption, we characterize factors relating to the actions
of other organizations as belonging to the “interorga-
nizational” level.
Recent EDI research has incorporated both inter-

organizational and organizational factors with some-
what mixed findings. Saunders and Clark (1992) ex-
amined the impact of perceived benefits and perceived
costs (both technological factors), as well as dependency
and trust (interorganizational factors) on intent to
adopt EDI. They find that perceived costs reduce intent

to adopt as does, somewhat surprisingly, trust.
Bouchard (1993) found that DOI factors were insignif-
icant in the EDI adoption decision, whereas the use or
requirement of EDI by major business partners were the
key drivers of the adoption decision. Premkumar and
Ramamurthy (1995) found that the technological factor
internal need (akin to perceived benefits) and the or-
ganizational factor top-management support, as well as
the interorganizational factors competitive pressure and
exercised power, influence whether a firm’s EDI adop-
tion decision is proactive or reactive. Iacovou et al.
(1995) hypothesized amodel that includes three factors
as determinants of EDI adoption and impact in SMEs:
perceived benefits (technological), organizational readiness
(organizational), and external pressure (interorganiza-
tional). Proposing a high-low dichotomy for each of
these factors led the authors to develop a 2 � 2 � 2
classification of firms; however, this model has not
been empirically tested outside the small sample of
firms that led to its genesis. Premkumar et al. (1997)
examined EDI adoption in the European trucking in-
dustry, finding that firm size and top-management sup-
port (organizational factors), as well as competitive pres-
sure and customer support (interorganizational), were
significant in predicting adoption of EDI. Hart and
Saunders (1997) developed a theoretical framework,
positing relative power and trust between trading part-
ners as determinants of EDI adoption and usage. This
framework was illustrated with the case study of an
office supplies retailer. Hart and Saunders (1998) ex-
amine the impact of customer power and supplier trust
on the use of EDI (transaction volume) and diversity
of EDI (number of transaction sets) for the customers
of two firms (an office supplies retailer and a chemical
company). Their overall empirical findings are mixed,
showing that: (i) increased supplier trust leads to in-
creased diversity of EDI use; and (ii) increased cus-
tomer power leads to reduced diversity of EDI use (op-
posite to hypothesized effect).
The factors influencing the integration of EDI within

adopter firms and the subsequent impact has been
studied in the motor carrier industry (Ramamurthy et
al. 1999). Both technological/organizational factors (in-
ternal support, EDI’s benefits potential, EDI-compatibility,
and resource intensity) as well as interorganizational
factors (customer support and competitive pressure) were
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shown to influence EDI integration. Crook and Kumar
(1998) examined EDI use in four diverse industries, us-
ing a grounded theory approach to explain types of
use in different contexts, strategies for encouraging
EDI, and its consequences. They derived a model that
includes factors that are part of perceived benefits, ex-
ternal pressure, and readiness as described in the
Iacovou et al. (1995) model.
EDI has also been studied using the perspective of

microeconomics, and some of this work has provid-
ed direct estimates of the financial impact of adopting
EDI (see, for example, Mukhopadhyay 1993, Wang
and Seidmann 1995, Mukhopadhyay et al. 1995, Barua
and Lee 1997). A framework of interorganizational
coordination by Bensaou and Venkatraman (1996)
posits that “performance” is determined by the de-
gree of fit between the information-processing needs and
information-processing capabilities of an organization.
More recently, Son et al. (1999) use transaction cost
theory and social cost theory to propose a model of the
extent of EDI use, defined as volume and diversity of
transactions, between trading partners that have al-
ready adopted EDI. Factors hypothesized to influence
EDI use are asset specificity, uncertainty, reciprocal in-
vestments, trust, and power.
In summary, the adoption of EDI has been studied

using several approaches and operationalizations.
Currently, there are a number of overlapping, diver-
gent models that have been shown to partially explain
the EDI adoption decision by examining different fac-
tors. We show that these factors can be categorized as
addressing three levels: the technological, the organi-
zational, and the interorganizational. While each has
contributed to our cumulative knowledge, and ex-
plained a part of the adoption decision, no single study
has tested a model of EDI adoption that incorporates
constructs that comprehensively address all three.

2. A Proposed Model of EDI
Adoption

An examination of prior research on the adoption of
EDI reveals that the Iacovou et al. (1995) model incor-
porates many of the factors previously demonstrated
to be significant predictors of EDI adoption. This

model draws on the three foci of EDI adoption influ-
ences identified above (technological, organizational,
and interorganizational) and incorporates factors
found influential in the previous literature. It was de-
veloped using case studies, and builds on a significant
stream of research, including: O’Callaghan (1989),
Swatman and Swatman (1991), Saunders and Clark
(1992), and O’Callaghan et al. (1992).
The Iacovou et al. (1995) model, augmented to in-

clude an additional interorganizational factor, trading
partner readiness, identified in previous studies, was
adopted as the basis of the model to be tested in this
study. To illustrate the commonalties of this model
with others proposed before, Table 1 compares its con-
structs and subconstructs to those found to be statis-
tically significant in earlier empirical work, as well as
to the constructs derived in two papers mentioned
above that do not conduct statistical tests (Bensaou and
Venkatraman 1996, Crook and Kumar 1998).
The resulting research model used in this paper is

depicted in Figure 1.
In this model, intent to adopt EDI is determined by

three factors: perceived benefits, external pressure, and
readiness. The constructs external pressure and readi-
ness are both composed of subconstructs, as described
in Table 2.
Perceived benefits refer to the anticipated advantages

that EDI can provide the organization. Benefits are
both direct and indirect in nature. Direct benefits in-
clude operational cost savings and other internal effi-
ciencies arising from, for example, reduced paper-
work, data re-entry, and error rates. Likewise, indirect
benefits are opportunities that emerge from the use of
EDI, such as improved customer service and the po-
tential for process reengineering.

Hypothesis 1. Higher perceived benefits will lead to
greater intent to adopt EDI.

External pressure encapsulates the influences arising
from several sources within the competitive environ-
ment surrounding the organization: competitive pres-
sure, relating to the ability of EDI to maintain or in-
crease competitiveness within the industry; industry
pressure, relating to the efforts of industry associations
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Figure 1 Iacovou et al., (1995) Model as Tested

Table 2 Sources of Measurement Constructs

Construct Type Sub-constructs Type Source Items

Intent to Adopt Reflective Developed for this study 3

External Pressure Formative

Competitive Pressure
Dependency on Trading Partner
Enacted Trading Partner Power
Industry Pressure

Reflective
Reflective
Reflective
Reflective

Iacovou et al. 1995
Developed for this study
Developed for this study
Iacovou et al. 1995

3
3
2
2

Readiness Formative
Financial Resources
IT Sophistication
Trading Partner Readiness

Reflective
Reflective
Reflective

Iacovou et al. 1995
Paré and Raymond 1991
Ferguson 1992

3
8
8

Perceived Benefits Reflective Saunders and Hart 1993; supplemented 17

or lobby groups to promulgate EDI standards and en-
courage adoption; and two measures of trading part-
ner influence (Provan 1980).Dependency on trading part-
ner captures the potential power of a trading partner

to “encourage” EDI adoption. Enacted trading partner
power measures the strength of the influence strategy
(e.g., rewards and threats) used to exercise that poten-
tial power.
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Hypothesis 2. Higher external pressure will lead to
greater intent to adopt EDI.

Organizational readiness, as used in prior research
(Swatman and Swatman 1991 and 1992, Iacovou et al.
1995), measures whether a firm has sufficient IT so-
phistication and financial resources to undertake the
adoption of EDI. IT sophistication (Paré and Raymond
1991) captures not only the level of technological ex-
pertise within the organization, but also assesses the
level of management understanding of and support for
using IT to achieve organizational objectives. Financial
resources express an organization’s capital available
for IT investments.
In the context of interorganizational systems, how-

ever, readiness is not solely an organization-level con-
struct. At minimum, adoption of an IOS requires read-
iness on the part of two trading partners. Thus, we
have augmented the readiness construct with a sub-
construct labeled trading partner readiness to consider a
firm that may be motivated to adopt EDI (i.e., having
high perceived benefits) and be ready to adopt (i.e.,
having available financial resources and IT know-how)
but is unable to adopt due to unready trading partners
(Bergeron 1994). The trading partner readiness items
(Ferguson 1992) gauge the willingness and ability of
potential partners to adopt EDI. Thus, the readiness
construct used in this paper is composed of three sub-
constructs: financial resources and IT sophistication (in-
ternal constructs encapsulating organizational readi-
ness), and trading partner readiness (external).

Hypothesis 3. Higher readiness will lead to greater in-
tent to adopt EDI.

In this research model, perceived benefits encapsu-
late the technological aspects of EDI. Readiness cap-
tures both organizational factors as well as interorga-
nizational, in the form of trading partner readiness.
Finally, the external pressure construct is composed of
interorganizational factors.

3. Research Method
3.1. Survey Method
The Iacovou et al. (1995) model was based on seven
case studies. While the interpretive, case-based ap-
proach is ideal for hypothesis generation, theory de-
velopment usually progresses to empirical testing, and

hence we chose the survey approach to test the revised
model statistically. Given that EDI is used on both
sides of the buyer-seller dyad, two sample frameswere
natural choices for this survey: marketing departments
and purchasing departments.We chose the purchasing
side of the dyad, and sampled the membership of the
PurchasingManagers’ Association of Canada (PMAC).
Two versions of the questionnaire were developed,

one for adopters and one for nonadopters. Where
available, the items for the questionnaires were drawn
from previous research; otherwise, new items were
created (See Table 2). Some of the previously validated
measures had to be adapted to meet the constraints of
this questionnaire. For example, the Information Tech-
nology Sophistication measure (Paré and Raymond
1991) demanded a matched survey of the CEO and
CIO of the organization. Because we targeted purchas-
ing managers, this requirement was not feasible and
the measure had to be adapted. Where necessary, mea-
sures were updated with more current terminology or
revised to adheremore closely to the general principles
of item construction, e.g., avoiding double-barreled
questions and providing filters for nonopinion
(Schuman and Presser 1981, Sudman and Bradburn
1983, Converse and Presser 1986, Fowler 1993).
Content validity of all items, and especially new

items, was carefully assessed. First, these items were
examined by a colleague with expertise in measure-
ment theory and questionnaire design. Second, the ini-
tial questionnaires were pilot tested by sending them
to 20 members of PMAC in the Vancouver area. The
15 who responded were contacted for a telephone in-
terview to solicit their opinions on the questionnaire
and to identify any items they found to be confusing
or ambiguous. Random probes were also used to test
the respondents’ understanding of the items, allowing
a check of content validity. The pilot led to the decision
to send and receive the questionnaires by fax because
respondents preferred this method and responded
more quickly than to a mailing. After analyzing the
responses, a number of minor revisions were made to
the questionnaires, such as clarifying terms and re-
moving instructions that the respondents found un-
necessary. Third, the revised questionnaires were
faxed to another group of 20 local PMACmembers for
a second pilot test. Follow-up interviews with the 20
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respondents did not indicate any need for substantive
changes to the questionnaire.2

From the PMAC national mailing list of 6,550 mem-
bers, a sample frame of 5,584 was constructed; for en-
terprises that had more than one PMAC member, the
most senior member was selected. Thus, the sample
frame represents a national directory of the most se-
nior purchasing managers in Canada. Obviously, this
sample frame eliminates very small firms that do not
have a formalized purchasing function. A random
sample of 1,772 members who had listed fax numbers
were sent a one-page invitation to participate in a
study of EDI and purchasing. Six hundred and forty-
three members (36.3%) agreed to participate, indicat-
ing on the fax whether their organization used EDI for
purchasing. Of the 643 members, due to fax modem
problems, only 545 were faxed the appropriate version
of the questionnaire, yielding 317 usable question-
naires. Of the responses, 58 came from organizations
that use EDI in purchasing and 259 came from non-
adopters. The response rate from those agreeing to
participate was over 58% (317/545). As there were no
substantive revisions to the questionnaire following
the second pilot study, those responses were added to
the pool, yielding 337 in total. Because the purpose of
this paper is to test a model of the EDI adoption de-
cision among SMEs, the responses from firms already
using EDI, as well as those of firms with annual reve-
nues in excess of C$1 billion, were dropped. It should
be noted that our goal here is not to generalize our
results to the PMAC population, but to understand the
relationships among variables that explain the inten-
tion to adopt EDI by SMEs (Kerlinger 1986). The re-
maining set of 268 responses were used to test the
causal model, and all statistics presented in this paper
refer to this subset of firms.
Demographic information on the respondents

showed that they had considerable experience in the
purchasing function: on average, six and a half years
of purchasing experience in a nonmanagerial role, fol-
lowed by five and a half years of managerial purchas-
ing experience. By their own assessment, 62% rated
their knowledge of EDI as “average” or better, with
some (32%) of the sample having had direct experience

2The items are included as Appendix 1 to this article.

with EDI in either their current or previous organiza-
tions. Over 53% had a college or university degree, and
20%were Certified Purchasing Professionals. Thus, the
respondents had considerable purchasing and mana-
gerial experience, and were well exposed to EDI.
The median organization had 325 employees, car-

ried out operations at seven locations, and had reve-
nues of C$48 million annually. Approximately 89% of
our sample had revenues under C$250 million, and all
had revenues of less than C$1 billion, two definitions
of SME. The respondent firms represented a broad
cross section of industries, broken down by sector as:
manufacturing (35.4%), services (27.2%), government
agencies and crown corporations (10.1%), and primary
resources (12.3%).

3.2. Statistical Analyses
Throughout the paper, individual items have been
standardized unless noted otherwise. The statistical
analysis technique applied is partial least squares
(PLS), as implemented in PLS Graph version
2.91.03.04. PLS is a form of causal modeling that, like
LISREL, works by “simultaneously assessing the reli-
ability and validity of the measures of theoretical con-
structs and estimating the relationships among these
constructs.” PLS is better suited when the focus is on
theory development, whereas LISREL is preferred for
confirmatory testing of the fit of a theoretical model to
observed data, thus requiring stronger theory than PLS
(Barclay et al. 1995).
The progress in theory development mentioned

above makes PLS more appropriate than LISREL as an
analysis technique in this case for two reasons. First,
this survey is the first large-scale test of a model based
on Iacovou et al. (1995). As such, the research model
is not based on “strong theory.” Second, some of the
constructs in the model are formative (see below) and
cannot be adequately modeled using covariance struc-
ture analysis due to the assumptions it imposes; PLS,
being components based, can incorporate both for-
mative and reflective indicators (Chin 1998). Bollen
(1984) provides an excellent discussion of the relation-
ships between indicators for reflective (or “effect”)
constructs and formative (or “cause”) constructs.
All of the subconstructs in the model, as well as two

of the constructs (perceived benefits and intent to
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adopt EDI), are operationalized directly using reflec-
tive constructs. The remaining two constructs, readi-
ness and external pressure, are modeled using forma-
tive constructs. (Also see Table 2.) Because the
distinction between formative and reflective constructs
is not always clear-cut, the modeling in this paper re-
flects the best judgment of the authors. However, we
tested two other versions of the model—with all con-
structs formative and with all constructs reflective—
and the results were qualitatively the same: No paths
gained or lost statistical significance, and no significant
paths changed in sign. Thus, the reader may be confi-
dent that the results are not an artifact of the authors’
modeling decisions.
Reflective indicators are used when a construct is

deemed to exist before it is measured, and each item
“reflects” this unmeasured latent variable. Because
each item reflects the same latent variable, the con-
struct is unidimensional, and therefore the items
should be correlated, makingmeasures of internal con-
sistency appropriate.
To determine item-construct loadings, a factor anal-

ysis was conducted in PLS using the items and the re-
flective constructs (see leftmost column in Table 3),
with no relationships specified between the constructs.
The resulting loadings were used for computing the
internal consistency statistics discussed below, as well
as for constructing a single, overall measure of each of
the subconstructs. It is these factor scores that are used
as indicators in the formative constructs of readiness
and external pressure.3

Table 3 provides an analysis of the measurement
model. In Table 3, the diagonal elements represent the
square root of average variance extracted (AVE), pro-
viding a measure of the variance shared between a
construct and its indicators. A rule for assessing dis-
criminant validity requires that the square root of AVE
be larger than the correlations between constructs, i.e.,
the off-diagonal elements in Table 3 (Barclay et al.
1995). All constructs meet this requirement. Likewise,
the values for internal consistency are all above the
suggestedminimum of 0.70 (Fornell and Larcker 1981).
Thus, all reflective constructs and subconstructs in the

3The results of the confirmatory factor analysis are included as Ap-
pendix 2 to this article.

adoption model display adequate internal consistency
and discriminant validity.
In contrast to reflective ones, formative constructs

reverse the direction of causality in that the indicators
form or cause the latent variable. Thus, the latent vari-
able is a summative index of the items. This reversion
of causality requires a significant difference in the in-
terpretation of the measurement model; in particular,
internal consistency and unidimensionality cannot be
used to judge the quality of the measurement model.4

Thus, for formative indicators, one examines item
weights, which can be interpreted as a beta coefficient
in a standard regression and will normally have
smaller absolute values than item loadings. The
weights and t-statistics for the formative constructs are
presented with the results of the model in §4 below.

4. Results
The results of the PLS analysis of the adoption model
are presented in Figure 2. For this analysis, the sample
is composed of the 268 responses from firms with an-
nual revenues less than $1 billion that have not adopted
EDI, with the dependent variable being intent to adopt
EDI. Statistical significance was assessed using a boot-
strap procedure, with 200 resamples. Because PLS does
not generate an overall goodness-of-fit index, one pri-
marily assesses validity by examiningR2 and the struc-
tural paths, as one would with a regression model.
The findings support the primary hypotheses (Hy-

pothesis 1–3) of the model (Figure 2). Perceived bene-
fits, external pressure, and readiness are all positively
related to the intent to adopt EDI, with significance at
the p � 0.001 level. Approximately 32% of the variance
in intent to adopt is accounted for by these three in-
dependent constructs in the model (R2 � 0.318). The
standardized path coefficients range from 0.11 to 0.37,
with two of the three paths exceeding the suggested
minimum standard of significance at 0.20 (Chin 1998).
Thus, the fit of the overall model is good.
Because the model was run using standardized con-

struct values, the beta values can be interpreted di-
rectly. Thus, a one standard deviation increase in ex-
ternal pressure results in, ceteris paribus, a 0.37

4Bollen (1984), Cohen et al. (1990), Chin and Gopal (1995), Mathieson
et al. (1996), and Chin (1998) provide discussions of formative versus
reflective constructs and their differing standards for validity.
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Table 3 Attributes of Constructs when Modeled as Reflective

Fornell IA CP DTP ETPP FR IP ITS PB TPR

Intent to Adopt 0.899 0.865
Competitive Pressure 0.755 0.457 0.716
Dependency on Trading Partner 0.725 0.143 0.308 0.706
Enacted Trading Partner Power 0.827 0.189 0.136 0.472 0.840
Financial Resources 0.772 0.292 0.145 0.057 �0.027 0.748
Industry Pressure 0.810 0.341 0.632 0.209 0.181 0.116 0.826
IT Sophistication 0.857 0.308 0.269 0.036 0.029 0.124 0.177 0.662
Perceived Benefits 0.937 0.274 0.277 0.057 0.027 0.024 0.187 0.467 0.683
Trading Partner Readiness 0.824 0.258 0.194 0.125 0.064 0.122 0.170 �0.071 �0.117 0.613

Note. Diagonal elements are the square root of average variance extracted (AVE), which, for discriminant validity, should be larger than interconstruct
correlations (off-diagonal elements).

Figure 2 Results of the Model of EDI Adoption

*denotes significance at the p � 0.05 level
***denotes significance at the p � 0.001 level
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Table 4 Reflective Constructs: Loadings and t-statistics

Item Loading t-stat Item Loading t-stat

Intent to Adopt Perceived Benefits- cont
IA1 0.816*** 33.178 PB8 0.536*** 8.719
IA2 0.864*** 48.392 PB9 0.707*** 15.420
IA3 0.911*** 81.224 PB10 0.630*** 10.502

Perceived Benefits PB11 0.627*** 10.926
PB1 0.684*** 12.634 PB12 0.718*** 16.765
PB2 0.636*** 11.970 PB13 0.787*** 19.674
PB3 0.728*** 13.434 PB14 0.680*** 14.381
PB4 0.761*** 17.791 PB15 0.763*** 26.247
PB5 0.652*** 11.094 PB16 0.620*** 11.787
PB6 0.649*** 11.593 PB17 0.639*** 12.592
PB7 0.744*** 14.356

***indicates that the item is significant at the p � 0.001 level.

Table 5 Formative Constructs: Weights and t-statistics

Sub-construct Weight t-stat Sub-construct Weight t-stat

External Pressure Readiness
Competitive

Pressure
0.865*** 7.327 Financial

Resources
0.552*** 4.342

Dependency
on TP

�0.079 �0.587 IT Sophistication 0.702*** 6.065

Enacted TP
Power

0.301* 1.903 TP Readiness 0.454*** 3.134

Industry
Pressure

0.121 0.833

*indicates that the sub-construct is significant at the p � 0.05 level.

***indicates that the sub-construct is significant at the p � 0.001 level.

standard deviation increase in intent to adopt EDI; the
values for readiness and perceived benefits are 0.27
and 0.11, respectively. Overall, these results provide
strong support that the augmented model predicts in-
tent to adopt EDI, with external pressure and readiness
emerging as the most important factors in terms of im-
pact on intent to adopt.
Recent research has suggested that interaction ef-

fects may be more prevalent in IS research than em-
pirical findings have been able to demonstrate, likely
due to measurement error (Chin et al. 1996). In this
model, we tested whether the relationships between
perceived benefits, external pressure, and intention to
adopt were moderated by the enabling construct of
readiness. The interaction terms were constructed us-
ing the two-stage technique described by Chin et al.
(1996) but were found to be insignificant. Thus, we do
not include further discussion of interaction effects.We
next examine the factors that were most influential in
each of the three constructs influencing intent to adopt
EDI.

Perceived Benefits. The item loadings and t-
statistics for the reflective constructs are presented in
Table 4. Perceived benefits, the only reflective indepen-
dent construct, displays strongly positive loadings and
high levels of statistical significance for all items. Be-
cause all of the loadings are of approximately the same
magnitude, it is not possible to make determinations

about the relative importance of the individual benefits
(items) in determining the overall level of perceived
benefits.

External Pressure. Because PLS estimates the mea-
surement model and the relationships between con-
structs simultaneously, the item weights of formative
constructs display the importance of their impact on
intent to adopt EDI. These weights can be interpreted
similarly to estimated beta coefficients from a multiple
regression analysis. The subconstruct weights and t-
statistics for the formative constructs are presented in
Table 5.
Two of the four subconstructs of external pressure,

competitive advantage (0.86) and enacted trading part-
ner pressure (0.30), are positive and significantly con-
tribute to the intent to adopt EDI.

Readiness. All three subconstructs of readiness are
positive and significantly contribute to the intent to
adopt EDI. The weights on the subconstructs reveal
their relative importance in determining readiness: IT-
sophistication (0.70), financial resources (0.55), and
trading partner readiness (0.45).

5. Concluding Comments
5.1. Limitations
This research has several limitations: First, this re-
search tests a theory within the context of SME firms
in Canada that have not yet adopted EDI. The focus is
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on the relationships between variables and generaliz-
ing to theory, not to any specific population (Kerlinger
1986). While our sample does not affect our testing of
the causal model in this paper, generalizing to other
contexts should be done with caution. Clearly, pur-
chasing professionals will have a different perspective
on EDI than, say, marketing managers. However, the
finding that external pressure is significant, even in the
purchasing context, highlights the importance of this
construct. Likewise, our sample frame eliminates the
smallest organizations that do not have a purchasing
manager. Given the similarity between Canada and the
United States in terms of both business environment
and rates of IT diffusion, we do not suspect substantive
differences in applying this model to the U.S. setting.
Second, the survey methods chosen for this research

required the use of sole respondents within the orga-
nization; this approach forced the adaptation of some
measures, such as IT sophistication and financial re-
sources. Given the goals of this research and the num-
ber of constructs included in the questionnaires, we
could not operationalize each individual construct in
as much depth as in prior research that was more nar-
rowly focussed, for example, on the validation of a sin-
gle construct. We have included our items and the re-
sults of the factor analysis, so that other researchers can
judge the content and construct validity of these mea-
sures and continue to refine and improve them.

5.2. Discussion of the Findings
This paper has tested a model, partly based on Iacovou
et al. (1995), of the factors influencing the adoption of
EDI. These findings are the first quantitative, positivist
test of this hypothesized model, originally developed
in an interpretive fashion based on a limited number
of case studies. It is also a test of a model that is a
parsimonious representation of the factors that were
found to be influential in a number of disparate studies
of EDI adoption. A survey of Canadian purchasing
managers found that intent to adopt EDIwas influenced
by perceived benefits, external pressure, and readiness,pro-
viding strong support for the model.
Overall, we found support for examining the adop-

tion of interorganizational systems using factors ad-
dressing three levels. At the level of the perceptions
of technology, the perceived benefits captured the

anticipated benefits of EDI adoption. At the level of
the organization, IT sophistication and financial resources
affected the firm’s ability to adopt EDI. At the inter-
organizational level, competitive pressure, enacted trading
partner power, and trading partner readiness influenced
adoption intentions. Overall, these three classes of con-
structs accounted for more than 30% of the variance in
intent to adopt. These results support the findings of
previous research differentiating adopters from non-
adopters, particularly Grover (1993) and Premkumar
et al. (1997). Thus, future research on interorganiza-
tional technologies should clearly address these three
theoretical perspectives.
The model in this paper is thus consistent with prior

empirical work predicting EDI adoption, and makes
novel contributions at three levels. At the conceptual
level, the refined model of EDI adoption presented
here incorporates the factors, identified separately in
previous studies, as influencing adoption into a con-
sistent and parsimonious predictive model. Second,
the original Iacovou et al. (1995) model has been sup-
plemented to include the interorganizational construct
of trading partner readiness, the lack of which is an
impediment to adopt; impediments to adoption have
been earlier identified but seldom studied. Third, be-
cause this paper is the first empirical test of the Iacovou
et al. (1995) model, it completes the cycle of generating
theory and testing theory.
The approach of structural equation modeling has

allowed examination of the individual subconstructs
within the constructs, providing insight as to which
aspects of these constructs are particularly salient in
the context of the purchasing function. Combining the
subconstruct weights with the construct path coeffi-
cients indicates that competitive pressure is the single
most important factor contributing to intent to adopt
EDI, followed by IT sophistication, financial resources,
trading partner readiness, enacted trading partner power,
and perceived benefits, respectively. These results are
somewhat surprising, in that they indicate that the
most important determinants of EDI adoption are
competitive necessity and the availability of the en-
ablers that compose the readiness construct, rather
than imposition by trading partners, which has
emerged as the most salient factor in earlier work (e.g.,
Bouchard 1993, Premkumar and Ramamurthy 1995).
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We hypothesize that the difference in findings is due
to two factors. First, previous research in many cases
did not include enablers, and thus was overestimating
the impact of other factors. Second, our sample looks
at the adoption decision from the buyer’s perspective,
which is likely subject to less imposition by trading
partners than the sellers that composed the samples of
previous work.
The strength of the weights on readiness and its three

subconstructs (IT sophistication, financial resources, trad-
ing partner readiness) indicates that while the benefits
of the technology (perceived benefits) or external pres-
sure may motivate the adoption of EDI, there are a
number of necessary conditions that contribute to the
ability to adopt EDI. Thus, even motivated firms must
have technical ability, available resources, and willing
trading partners before EDI adoption is possible.
For external pressure, two subconstructs emerged as

significant: competitive pressure and enacted trading part-
ner power. The large weight on the competitive pres-
sure construct (0.86) illustrates that it is key in deter-
mining the overall level of external pressure to adopt
EDI in the purchasing context. The weight on enacted
trading partner power (0.30), while smaller, is still sig-
nificant. The purchasing context in which the survey
was conducted makes for a strong test of the signifi-
cance of influence from trading partners. All other
things being equal, one would expect the buyer to hold
the balance of power in the buyer-seller dyad, as a
buyer could exert considerable pressure on a seller to
adopt EDI (as a number of larger firms have done, e.g.,
Wal-Mart and General Motors). Thus, it would not be
surprising to find trading partner power significant in
the context of the seller side of the dyad. However, the
fact that enacted trading partner power is statistically
significant, even on the buyer side, is a strong confir-
mation of the importance of this subconstruct.
One circumstance in which a seller has significant

power over buyers is that of a monopolist. However,
examination of the model reveals that the dependency
subconstruct was not a significant contributor to ex-
ternal pressure, indicating that organizations were
not being held hostage by sole suppliers. In contrast
to Hart and Saunders (1998) dependency was not
modeled as a determinant or antecedent of enacted
power. Instead, a moderating relationship between

dependency and enacted trading partner power (as de-
pendency is a necessary but not significant condition
for the use of enacted power) was tested using the two-
stage procedure suggested by Chin et al. (1996) but
found to be nonsignificant. Thus, we do not find de-
pendency to be a significant determinant of external
pressure, either directly or through moderation of en-
acted trading partner power.
Similarly, the industry pressure subconstruct was in-

significant in affecting external pressure. Thus, indus-
try associations were not influential in motivating or-
ganizations to adopt EDI, at least in comparison to
pressure from trading partners and competitive pres-
sure. Interestingly, Teo et al. (2000), based on a sample
collected in Singapore for the adoption of Financial
EDI, found industry pressure to be more significant.
One possible explanation for this difference is that
while Singapore has one central institutional authority
that is highly influential, Canada is governed using a
decentralized federal/provincial/municipality model,
similar to the U.S. federal/state/county system, and
thus does not have a strong central authority influenc-
ing technology decisions. Singapore-based managers
may tend to make organizational choices that are only
endorsed and consistent with views espoused by gov-
ernment, government-related, and/or collective asso-
ciations. Furthermore, industry pressure may act more
strongly when the focus is on a specific application,
such as financial EDI, rather than the more dispersed
range of applications sampled from in this study.
Future research can proceed in several directions.

We believe that the core of this model has general ap-
plicability to other forms of IOS, particularly business-
to-business electronic commerce. While this extension
may require reoperationalization of some of the con-
structs, we hypothesize that the relationships pre-
dicted by our model will continue to hold. Second,
while we have empirically validated the model in the
context of the buyer side of the buyer-seller dyad, we
have not examined the adoption of EDI from the
seller’s side. From the seller’s side, the interorganiza-
tional relationships and power differentials may be
more salient, as it is likely that a large customer could
coerce a seller into adopting EDI. Given that the results
from the buyers’ side are statistically significant, we
expect an even stronger relationship on the seller side.
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In relationships in which both buyer and sellers enjoy
approximately equal bargaining power, we expect that
relationship factors, such as trust, would emerge as im-
portant (Hart and Saunders 1997, 1998). Third, the im-
pact portion of the Iacovou et al (1995). model may be
tested using adopters to test whether the factors influ-
encing adoption also influence the outcome of adop-
tion, in terms of the level of integration of the EDI sys-
tem and its organizational impact (Premkumar et al.
1994, Premkumar and Ramamurthy 1995, Bergeron
and Raymond 1997, Ramamurthy et al. 1999).
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Appendix 1. Measurement Items
Items with a � are reverse-scaled. Information in brackets describes
the coding of the items used for analysis.

Competitive Pressure
CP1. Approximately what percent of the organizations in your in-
dustry use EDI for purchasing? [square root coded]

% � Don’t Know

CP2. In your industry, is the adoption of EDI helpful in allowing an
organization to remain competitive?

Not at all
Helpful

Somewhat
Helpful

Extremely
Helpful

Don’t
Know

1 2 3 4 5 6 7 X

CP3. Please rate the pressure to adopt EDI placed on your organi-
zation by your competitors.

No Pressure
at all

Some
Pressure

Extreme
Pressure

Don’t
Know

1 2 3 4 5 6 7 X

Dependency on Trading Partner

DTP1. At the time that your organization was being encouraged to
adopt EDI, approximately what percentage of purchases (dollar
value) were from this firm?

% of dollar purchases � Don’t Know

DTP2. Approximately how many firms supply the same product(s)
as this firm? [square root coded] �

other firms � Don’t Know

DTP3. Please rate the importance of this supplier to your organiza-
tion at the time your organization was being encouraged to adopt
EDI.

Not at all
Important

Moderately
Important

Extremely
Important

Don’t
Know

1 2 3 4 5 6 7 X

Enacted Trading Partner Power

ETPP1. Please rate the amount of influence this supplier had in your
organization’s decision whether or not to adopt EDI.

No
Influence

Moderate
Influence

Strong
Influence

Don’t
Know

1 2 3 4 5 6 7 X

ETPP2. Please attempt to classify the strength of the encouragement
or pressure put on your organization by this supplier. (Check as
many as apply.)

� No encouragement or pressure: The trading partner did not
attempt to encourage EDI adoption

� Information Exchange: The trading partner provided infor-
mation regarding EDI

� Recommendation: The trading partner recommended that
your organization adopt EDI

� Request: The trading partner asked that your organization
adopt EDI

� Promise: The trading partner made promises regarding bene-
fits to be received from your organization’s adopting EDI
(promises could include discounts, faster orders, etc.)

� Threat: The trading partner made threats regarding detriments
that would result if your organization did not adopt EDI
(threats could include discontinuing the relationship, hints that
non-EDI customers would receive poor service, etc.)

� Other
|→ (please specify)
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Industry Pressure

IP1. Please rate the pressure placed on your organization to adopt
EDI by industry sources (such as trade associations).

No Pressure
at all

Some
Pressure

Extreme
Pressure

Don’t
Know

1 2 3 4 5 6 7 X

IP2. Howmany times per year do you receive information regarding
EDI from sources outside your organization (such as industry as-
sociations, professional associations, or trade newsletters)? [square
root coded]

Times per year � Don’t Know

IT Sophistication

ITS1. Please rate the attitude of your top management toward the
deployment of information technology in your organization.

Very
Negative Neutral

Very
Positive

Don’t
Know

1 2 3 4 5 6 7 X

ITS2 8. Information technology can be used for a number of objec-
tives. To what extent is information technology important for the
fulfillment of the following objectives in your organization?

Not at all

Important

Moderately

Important

Extremely

Important

Don’t

Know

Personnel Reduction 1 2 3 4 5 6 7 X

Operational Costs

Reduction 1 2 3 4 5 6 7 X

Productivity

Improvements 1 2 3 4 5 6 7 X

Improved Access to

Information 1 2 3 4 5 6 7 X

Improved Quality of

Decision Making 1 2 3 4 5 6 7 X

Improved

Competitiveness 1 2 3 4 5 6 7 X

Improved Service to

Customers 1 2 3 4 5 6 7 X

Financial Resources

FR1. In the context of your organization’s overall Information
Systems budget, how significant would the financial cost of
developing and implementing an EDI system be? �

Not at all
Significant

Moderately
Significant

Extremely
Significant

Don’t
Know

1 2 3 4 5 6 7 X

FR2. Approximately how many people are employed in your
organization? [log-scaled]

People � Don’t Know

FR3. What was the (approximate) total revenue of your organization
last year? (For nonprofit organizations, indicate total operating
budget.) [log-scaled]

Dollars � Don’t Know

Trading Partner Readiness

TPR1– 8. Please rate the importance of each of the following issues
in terms of your organization’s decision whether or not to adopt
EDI. That is, to what extent would each of these factors inhibit the
adoption of EDI at your organization? �

Not at all

Important

Moderately

Important

Extremely

Important

Don’t

Know

Trading Partner

Reluctance to

Change 1 2 3 4 5 6 7 X

Lack of Trust in

Trading Partner(s) 1 2 3 4 5 6 7 X

Training or

Educating Trading

Partner(s) 1 2 3 4 5 6 7 X

Non-Automated/

Non-Sophisticated

Trading Partner(s) 1 2 3 4 5 6 7 X

Poor Reputation of

Trading Partner(s) 1 2 3 4 5 6 7 X

Lack of Adequate

Accounting or

Legal Controls 1 2 3 4 5 6 7 X

Inadequate Trading

Volume to Justify

EDI 1 2 3 4 5 6 7 X

Difficulty in

Achieving “Critical

Mass” of Trading

Partners 1 2 3 4 5 6 7 X

Intent to Adopt EDI

IA1. At what stage of EDI system development is your organization
currently engaged?

� Not Currently Developing an EDI System
� Planning
� Pilot Testing

IA2. Does your organization intend to adopt EDI?

No Intent to
Adopt EDI

Moderate Intent
to Adopt EDI

Definite Intent
to Adopt EDI

Don’t
Know

1 2 3 4 5 6 7 X
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IA3. If your organization is developing EDI or intends to adopt EDI,
how soon do you anticipate that it will have an operational EDI
system? �

� Less than 6 months
� 6 to 12 months
� 12 to 18 months
� 18 to 24 months
� More than 24 months
� No plans to develop EDI

Perceived Benefits

PB1–17. Please rate the importance of achieving each of the following
benefits of EDI in terms of your organization’s decisionwhether or
not to adopt EDI.

Not at all

Important

Moderately

Important

Extremely

Important

Don’t

Know

Increased

Productivity

1 2 3 4 5 6 7 X

Paper Reduction 1 2 3 4 5 6 7 X

Overhead Cost

Reduction

1 2 3 4 5 6 7 X

Reduced Error Rates 1 2 3 4 5 6 7 X

Reduced Data Re-

keying

1 2 3 4 5 6 7 X

Reduced Inventory

Costs

1 2 3 4 5 6 7 X

Improved Customer

Service

1 2 3 4 5 6 7 X

Reduced Need for

Cash-on-Hand

(“Float”)

1 2 3 4 5 6 7 X

Faster Response to

Orders

1 2 3 4 5 6 7 X

Reduced Stockout

Costs

1 2 3 4 5 6 7 X

Higher Product

Quality

1 2 3 4 5 6 7 X

Reduced

Communication

Cost

1 2 3 4 5 6 7 X

Improved Accuracy 1 2 3 4 5 6 7 X

Enhanced Ability to

Compete

1 2 3 4 5 6 7 X

Greater Integration

of Automated

Systems

1 2 3 4 5 6 7 X

Improved Access to

Suppliers’ Price

and Product

Descriptions

1 2 3 4 5 6 7 X

Potential for

Purchasing Process

Re-engineering

1 2 3 4 5 6 7 X

Appendix 2. Construct-Item Correlations
AI CP DTP ETPP FR IP ITS PB TPR

IA1 0.822 0.311 0.139 0.163 0.288 0.210 0.153 0.112 0.171

IA2 0.864 0.422 0.091 0.154 0.238 0.319 0.301 0.342 0.040

IA3 0.908 0.394 0.124 0.178 0.215 0.283 0.271 0.211 0.148

CP1 0.216 0.578 0.097 �0.034 0.056 0.269 0.069 0.025 0.065

CP2 0.357 0.728 0.166 0.119 0.123 0.374 0.286 0.323 0.020

CP3 0.346 0.806 0.252 0.121 0.133 0.596 0.198 0.186 0.057

DTP1 0.112 0.209 0.732 0.307 �0.077 0.124 �0.035 0.064 0.071

DTP2 0.022 �0.016 0.585 0.036 0.017 0.030 0.008 �0.026 0.043

DTP3 0.138 0.299 0.816 0.459 0.167 0.173 0.121 0.052 �0.022

ETPP1 0.185 0.177 0.449 0.845 �0.015 0.195 0.020 0.019 0.051

ETPP2 0.136 0.006 0.230 0.845 �0.033 0.074 0.072 0.046 �0.053

FR1 0.184 0.066 �0.008 0.016 0.355 �0.006 �0.044 �0.206 0.287

FR2 0.253 0.123 0.075 �0.041 0.878 0.155 0.139 0.128 �0.001

FR3 0.209 0.139 0.040 �0.021 0.884 0.130 0.117 0.046 �0.065

IP1 0.205 0.370 0.064 0.138 0.104 0.829 0.111 0.025 0.133

IP2 0.321 0.625 0.203 0.126 0.141 0.829 0.164 0.230 0.033

ITS1 0.289 0.151 �0.003 �0.043 0.140 0.090 0.545 0.249 �0.027

ITS2 0.156 0.084 0.011 0.057 0.235 0.089 0.340 0.160 �0.148

ITS3 0.206 0.223 0.091 0.101 0.154 0.181 0.754 0.379 �0.120

ITS4 0.193 0.188 0.010 0.057 0.092 0.117 0.791 0.381 �0.164

ITS5 0.234 0.156 0.071 0.047 0.042 0.096 0.663 0.260 �0.102

ITS6 0.182 0.132 �0.056 �0.009 0.037 0.071 0.802 0.328 �0.113

ITS7 0.117 0.314 0.142 0.050 0.005 0.154 0.624 0.381 �0.198

ITS8 0.187 0.184 0.017 0.034 0.059 0.100 0.712 0.414 �0.156

PB1 0.178 0.167 0.066 0.044 0.041 0.070 0.385 0.696 �0.174

PB2 0.188 0.167 0.049 �0.053 0.076 0.053 0.364 0.612 �0.180

PB3 0.112 0.162 0.009 0.049 0.086 0.085 0.388 0.731 �0.168

PB4 0.194 0.186 0.031 0.059 0.047 0.062 0.342 0.768 �0.137

PB5 0.183 0.093 �0.006 0.040 0.070 0.026 0.274 0.663 �0.139

PB6 0.161 0.213 �0.008 0.036 0.070 0.182 0.313 0.661 �0.213

PB7 0.157 0.197 �0.002 0.068 0.030 0.120 0.347 0.756 �0.157

PB8 0.108 0.174 0.055 0.049 0.039 0.151 0.268 0.558 �0.275

PB9 0.155 0.238 0.055 0.012 0.028 0.130 0.296 0.724 �0.249

PB10 0.174 0.209 0.068 0.018 �0.044 0.162 0.262 0.647 �0.226

PB11 0.047 0.160 0.052 0.046 �0.064 0.124 0.267 0.641 �0.183

PB12 0.199 0.164 0.042 �0.039 �0.034 0.120 0.328 0.729 �0.154

PB13 0.185 0.203 0.016 0.076 �0.082 0.094 0.355 0.792 �0.139

PB14 0.166 0.349 0.078 0.086 �0.036 0.209 0.345 0.693 �0.204

PB15 0.310 0.174 0.027 0.068 0.112 0.083 0.426 0.766 �0.186

PB16 0.113 0.148 0.007 �0.058 �0.032 0.170 0.277 0.623 �0.168

PB17 0.229 0.134 0.038 �0.045 0.109 0.080 0.372 0.653 �0.220

TPR1 0.068 �0.003 �0.060 �0.030 0.033 0.047 �0.084 �0.137 0.688

TPR2 0.040 �0.066 �0.020 0.039 �0.017 0.023 �0.180 �0.218 0.718

TPR3 �0.026 �0.047 �0.072 �0.164 0.046 0.007 �0.305 �0.300 0.688

TPR4 0.084 0.081 0.064 �0.047 �0.001 0.070 �0.105 �0.171 0.695

TPR5 0.102 0.052 0.034 0.034 �0.013 0.057 �0.125 �0.239 0.686

TPR6 0.081 0.048 0.072 0.130 0.002 0.089 �0.091 �0.177 0.708

TPR7 0.290 0.257 0.149 0.062 0.037 0.205 0.022 0.051 0.493

TPR8 0.132 0.096 0.078 �0.018 0.063 0.080 �0.099 �0.157 0.626
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