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Abstract

The importance of establishing equivalence in measurement prior to conduct-
ing substantive cross-country comparisons has long been emphasized in
international business research. However, all approaches currently available for
the investigation of measurement equivalence or invariance (ME/I) assume that
the focal measures are reflective in nature. In our paper we offer guidelines for
the assessment of ME/I when the focal construct is measured with formative
indicators. We first identify distinct types of ME/I that are conceptually
consistent with the nature of formative measurement models. We then
describe a step-by-step procedure that can be employed to test for these types
of ME/l in a comparative context. Lastly, we illustrate the application of the
proposed procedure with data from a three-country survey on consumers’
product-country image perceptions.
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INTRODUCTION

The need to establish equivalence in measurement prior to
undertaking substantive cross-country comparisons has long been
a theme in the international business literature (e.g., Bhalla & Lin,
1987; Cavusgil & Das, 1997; Hui & Triandis, 1985; Schaffer &
Riordan, 2003). Failure to establish measurement equivalence or
invariance (ME/I) “is a potential source of measurement error
(i.e., discrepancies of what is intended to be measured and what is
actually measured), which accentuates the precision of estimators,
reduces the power of statistical tests of hypotheses, and provides
misleading results” (Hult et al., 2008: 1028)."

Over the years, several approaches have been proposed to assess
ME/], ranging from relatively simple methods such as profile
analysis (e.g., Morris & Pavett, 1992) to more sophisticated
procedures such as item response theory (IRT) (e.g., De Jong,
Steenkamp, & Fox, 2007; Meade & Lautenschlager, 2004; Raju,
Laffitte, & Byrne, 2002) and, most commonly, multi-group
confirmatory factor analysis (CFA) (e.g., Mullen, 1995; Myers,
Calantone, Page, & Taylor, 2000; Singh, 1995; Steenkamp &
Baumgartner, 1998). While such approaches have been put to
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good use by international business researchers
seeking to assess the ME/I of their measures, they
are suitable only for measures composed of reflective
(i.e., effect) indicators. Such measures conform to
the domain-sampling model of classical test theory
(see Nunnally & Bernstein, 1994), whereby indica-
tors are seen as being effects of the underlying
latent variable such that “a shift in the construct
leads to an expected shift in an indicator” (Bollen &
Ting, 2000: 3).

However, not all constructs are best operationa-
lized by means of reflective indicators, because “in
many cases, indicators should be seen as causing
rather than being caused by the latent variable
measured by the indicators” (MacCallum & Browne,
1993: 533). Such indicators are known as formative
(or causal), whereby “the direction of causality flows
from the indicators to the latent construct, and the
indicators, as a group, jointly determine the con-
ceptual and empirical meaning of the construct”
(Jarvis, MacKenzie, & Podsakoff, 2003: 201). In the
international business literature formative indicators
have been used to operationalize such constructs as
export performance (Diamantopoulos, 1999), envir-
onmental pressures (Venaik, Midgley, & Devinney,
2004, 200S5), industry drivers (Johansson & Yip,
1994), export coordination (Diamantopoulos &
Siguaw, 2006), and psychic distance (Brewer, 2007);
indeed, Venaik et al. (2005: 670) explicitly state that
“we would recommend that international business
researchers consider the formative model - in a field
that studies such broad, diverse and complex
phenomena as the global business environment it
may make more sense.”

Choosing the correct measurement model (i.e.,
reflective vs formative) is very important, as
measurement model mis-specification results not
only in misrepresentation of the epistemic relation-
ships between constructs and their measures
(MacKenzie, 2003) but also in biased parameter
estimates of structural relationships (Jarvis et al.,
2003; Law & Wong, 1999; MacKenzie, Podsakoff, &
Jarvis, 2005). Note, in this context, that forma-
tive indicators have very different properties from
reflective indicators. As a result, “conventional
procedures used to assess the validity and reliabi-
lity of scales composed of reflective indicators
(e.g., factor analysis and assessment of internal
consistency) are not appropriate for composite
variables (i.e., indexes) with formative indicators”
(Diamantopoulos & Winklhofer, 2001).2 However,
it is precisely on extensions of such procedures
(e.g., multi-group CFA) that current approaches
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for assessing cross-national ME/I are based.
For example, in their comprehensive review of
methodological contributions to evaluating ME/I,
Vandenberg and Lance explicitly state that
“the concern is with effect indicators and not
causal indicators” (2000: 10). Similarly, approaches
based on IRT also invoke reflective measurement
assumptions since “the IRT framework posits a
log-linear, rather than a linear, model to des-
cribe the relationship between observed item
responses and the level of the underlying latent
trait ... CFA and IRT methods of testing for ME/I
are conceptually similar but distinct in practice”
(Meade & Lautenschlager, 2004: 363, 367; emphasis
added).

In short, the current methodological arsenal for
assessing ME/I does not cover formative measures.
However, formative measures are frequently used to
operationalize latent variables in structural equa-
tions models (SEM) (Diamantopoulos, Riefler, &
Roth, 2008; Williams, Edwards, & Vandenberg,
2003), and assessing their ME/I is important,
because “cross-national differences in relationships
between scale scores could indicate real differences
in structural relations between constructs, or scal-
ing artifacts, ..., or even nonequivalence of the
constructs involved” (Steenkamp & Baumgartner,
1998: 78). Construct inequivalence, in particular,
poses a very real danger in comparative studies
employing formative measures, because “the full
meaning of the composite latent construct is
derived from its measures” (MacKenzie et al.,
2005: 711). Consequently, when the focus is “on
relationships among variables and attempts to
identify similarities and differences in these rela-
tionships across cultures” (Van de Vijver & Leung,
1997: 21), it is essential to ensure ME/I of the
relevant formative measures.

Against this background, the purpose of this
study is to provide international business research-
ers with guidelines on the assessment of ME/I in
situations where the focal construct is measured
with formative indicators. We first highlight
some conceptual and statistical issues, and then
present a systematic procedure for assessing ME/I
that can be applied whenever data are obtained
from at least two countries® and a set of forma-
tive indicators is used to operationalize the con-
struct of interest. Next, we illustrate the application
of the proposed procedure on data drawn from a
cross-national survey of consumers, and we con-
clude the paper with some suggestions for future
research.

Journal of International Business Studies



; Assessing the cross-national invariance of formative measures

Adamantios Diamantopoulos and Nicolas Papadopoulos

362

FORMATIVE MEASUREMENT AND INVARIANCE

Conceptual Issues

Assuming that m countries are to be compared, the
relationship between a composite latent variable 5
and a set of formative indicators x; (i=1, 2, ..., n) can
be described by the following measurement model:

Nk = VX1 + VaX2 + - oo+ VinXn + (i (1)

where 7yy; is a parameter indicating the contribution
of x; to n in country k(k=1,2,...,m), and (i is a
disturbance term representing all other causes of 7
not included in the model. It is assumed that
COV(xxi, &x)=0 for all i and that E({x)=0. Thus the
formative measurement model is conceptually very
similar to a multiple regression model with n
predictors.

Inspection of Eq. (1) reveals that none of the
types of cross-national ME/I commonly discussed
in connection with reflective scales are applicable
when formative indicators are involved.* For
example, factorial or configural invariance requires
that “the items comprising the measurement
instrument should exhibit the same configuration
of salient and non-salient factor loadings across
different countries” (Steenkamp & Baumgartner,
1998: 80). However, as can be seen from Eq. (1),
there is no factor structure specified in a formative
measurement model. Other types of ME/I typically
invoked within a reflective measurement frame-
work (e.g., invariant factor variances and/or covar-
iances) are equally inappropriate in a formative
measurement context. The reason why existing
approaches to assessing ME/I are not applicable is
that formative indicators are exogenous variables
(MacCallum & Browne, 1993), and have no indivi-
dual parameters (such as item loadings and error
variances) associated with them (Diamantopoulos,
2006; Edwards & Bagozzi, 2000). The only para-
meter for each indicator is its y-coefficient within
the overall formative model (see Eqg. (1)).

In light of the above, we propose the following
three types of ME/I for formative measures:

1. Structure invariance. This refers to the extent to
which the same pattern of salient (non-zero)
y-coefficients defines the structure of the forma-
tive measure in different countries. However,
the magnitude of these coefficients can vary
across countries, as can the residual variance,
Yr=VAR({y). This is the weakest form of invar-
iance, in that no cross-country equality con-
straints are imposed on the parameters of the

measurement model in Eq. (1). Given that, in
formative measurement, the meaning of the
composite latent variable is dependent on its
indicators, the absence of structure invariance
essentially means that the very nature of the
construct is different across countries. Obviously,
in this case, it makes no sense to undertake any
cross-national comparisons of structural rela-
tionships or conduct further (stricter) tests of
invariance such as those discussed below. The
data have to be analyzed separately on a country-
by-country basis.

2. Slope invariance. This refers to the extent to
which, for each indicator x; the magnitude of
the associated coefficient, y;;, is the same across
different countries (i.e., y1,=y2i= ... =ym;, for all i).
Slope invariance implies that the composite
latent variable is influenced to the same extent
by a given indicator in each country. If slope
invariance is supported, then it is legitimate to
compare structural relationships involving the
focal construct across countries. If, on the other
hand, slope invariance cannot be supported, this
indicates that the theoretical importance® of
the indicators is not stable across countries.
For example, indicator x; may have a stronger
influence on 7 in country A than in country B,
whereas for, say, indicator x3, the reverse might
be the case.

3. Residual invariance. This refers to the extent to
which the variance of the disturbance term, {, is
the same across countries (i.e., Y1=y>= ... =1,;,).
Residual invariance implies that the same amount
of the variance in the composite latent variable is
jointly accounted for by the n indicators across
the m different countries. In principle, residual
invariance can be assessed independently of slope
invariance. However, there is little point in
conducting a residual invariance test if slope
invariance cannot be established. Specifically, if
the individual indicators do not function equiva-
lently across countries, whether the same amount
of the composite latent variable’s variance is
accounted for by them as a group is unlikely to
be of interest. On the other hand, evidence of
both slope and residual invariance can be inter-
preted as indicating that the formative measure
functions identically across countries.

Note that “in practical applications, full measure-
ment invariance frequently does not hold, and the
researcher should then ascertain whether there is at
least partial measurement invariance” (Steenkamp
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& Baumgartner, 1998: 81). The notion of partial
invariance is particularly relevant when slope
invariance is assessed, since it is unlikely that each
indicator in a formative measure will have coeffi-
cients of the same magnitude in all countries, or
that this will apply to all indicators (particularly
when the number of indicators and/or the number
of countries involved is large). When some (but not
all) of the y-coefficients turn out to be invariant
across countries, one can speak of partial slope
invariance. Clearly, the more y-coefficients that are
found to be invariant, the stronger the evidence
that the entire formative measure is reasonably
invariant.

Statistical Issues
While the types of ME/I discussed above are
conceptually consistent with the nature of forma-
tive measurement, their empirical assessment is
complicated by the fact that, on its own, the
formative measurement model is statistically
underidentified (Bollen & Lennox, 1991). As a
result, none of the country-specific models in Eq. (1)
can be estimated and subsequently compared in
terms of structure, slope, and residual invariance.
To solve the identification problem, additional
information needs to be introduced to enable the
estimation of the y-coefficients and the variance of
the residual term, ;. While there are several
options for achieving identification of formative
models (for a review see Diamantopoulos et al.,
2008), we concur with Jarvis et al. that “the best
option for resolving the identification problem ...
is to add two reflective indicators to the formative
construct, when conceptually appropriate” (2003:
213). By doing this, the model essentially becomes
a multiple indicators — multiple causes (MIMIC)
model (Joreskog & Goldberger, 1975), which
is identified. Its formal specification, for each
country k, consists of Eq. (1) discussed earlier plus
the following two equations:

V1= g + e (2)
and
V2 = hialig + &2 (3)

Equations (2) and (3) indicate that y; and y, are
congeneric measures of n,, where /J;; and 4, are the
loadings of y; and y, on 1y, and &, and g, represent
measurement error (with COV(eq,e)=0 and
E(ex1)=E(ex2)=0).
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The choice of y; and y, needs to be such that they
constitute content-valid indicators of the focal
composite latent variable #, so that the latter can
indeed be viewed as “as a single latent construct
with a mixture of formative and reflective indica-
tors rather than as a single reflective-indicator
latent construct with multiple causes” (MacKenzie
et al., 2005: 727). Moreover, it is essential that y;
and y, are at least metrically invariant across
countries,® because the generated estimates of the
y-coefficients and residual variance () are partly
dependent on the specific external information that
is introduced to identify the formative model
(Diamantopoulos, 2006; Franke, Preacher, &
Rigdon, 2008; Howell, Breivik, & Wilcox, 2008). If
the y-variables in the MIMIC model are not
invariant, then observed differences in the y; and
Yk estimates cannot be unambiguously attributed
to lack of invariance in the formative indicators. By
ensuring the metric invariance of the y-indicators
before testing for structure, slope, and residual
invariance, the context-specificity of formative
measurement is controlled for.”

Bearing the above in mind, we now describe a
stepwise procedure designed to help researchers
evaluate the three forms of ME/I previously discussed.

A PROCEDURE FOR ASSESSING THE
CROSS-NATIONAL INVARIANCE OF
FORMATIVE MEASURES
Our proposed procedure involves:

1. testing for metric invariance of the y-variables;

2. estimating a baseline MIMIC model (to establish
structure invariance); and

3. introducing equality constraints on the para-
meters of the x-indicators and the residual term
across countries (to test for slope and residual
invariance respectively).

Preliminary Tests: Metric Invariance Assessment
The first step in our procedure involves the testing
of the metric invariance of the y; and y, variables to
be subsequently used as reflective items in the
MIMIC model. To do this, and bearing in mind that
a two-indicator single-factor model is not identified
(Long, 1983), we specify a three-indicator factor
model and constrain the loadings of y; and y»
to be equal across the m countries (i.e., we set
}412121: :/lml and 112:)»22: :;Lnlz). We use
the third item, y3, as a reference (marker) indicator
to scale the latent variable by setting its loading in
all countries equal to 1.2

Journal of International Business Studies
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To evaluate the fit of the above model across the
m countries, we examine the relevant y statistic in
conjunction with other fit indices recommended
in the methodological literature (see, e.g., Hu &
Bentler, 1998, 1999; Marsh, Balla, & Hau, 1996): the
root mean square error of approximation (RMSEA);
the non-normed fit index (NNFI); the comparative
fit index (CFI); and the standardized root mean
square residual (SRMR).

Assuming that the overall picture painted by the
values of these indices supports metric invariance,
one can move on to an examination of structure
invariance (see next section) and legitimately use
y1 and y, as reflective items in the MIMIC model.
However, if metric invariance is not supported,
then y; and/or y, has to be replaced with other
reflective items that can be shown to be metrically
equivalent. Although this can be cumbersome, for
reasons already stated, it makes little sense to
test for structure, slope, and residual invariance
when the y-variables are themselves not (metri-
cally) invariant.

Baseline Model: Structure Invariance Assessment
The second step in our procedure involves setting
up a baseline MIMIC model, whereby no cross-
country constraints are imposed on the model
parameters, other than on the loadings of y; and
y2. The fit of the baseline model can be evaluated by
using the various fit indices mentioned previously.
Assuming that the fit is reasonable, one can
proceed to an investigation of slope invariance;
otherwise, no further tests of ME/I are meaningful
(since the basic nature of the construct is different
in the countries under consideration).

Equality Constraints I: Slope Invariance
Assessment

Full slope invariance can be assessed by placing cross-
country equality constraints on all y-parameters of
the baseline MIMIC model (i.e., by setting
Y1=Y2i= ... =ymi, for all i). The resulting MIMIC
model is nested within the baseline MIMIC model
discussed above, because it can be obtained from
the latter by constraining the previously free y;
parameters to be equal across countries. Therefore a
comparison of its fit in relation to that of the
baseline model indicates the extent to which the
hypothesis of full slope invariance is tenable.
Statistically, this can be done by means of the y*
difference test (D% with degrees of freedom equal
to the difference in the degrees of freedom between
the two models (Steiger, Shapiro, & Browne, 1985)

and by looking at changes in NNFI, RMSEA, and
CFI values.

If the hypothesis of full slope invariance is
rejected, then inspection of the modification
indices (MIs) and expected parameter changes
(EPCs) should help identify which y-parameters
should be freed across countries (Kaplan, 1989). By
freeing one y-parameter at a time and comparing
the fit of the less constrained model with those of
the full invariance model, partial slope invariance
can be assessed. Partial slope invariance would be
indicated if the fit of the model with some (ideally
most) of the y-parameters set to be equal across
countries is (a) significantly better than the fit
of the full slope invariance model, and (b) not
significantly worse than the fit of the baseline (i.e.,
tully unconstrained) model.

Equality Constraints Il: Residual

Invariance Assessment

Residual invariance can be assessed by placing
additional cross-country equality constraints on
the variances of the disturbance terms of the slope
invariance model (i.e., by setting y1=vy ... =¢,;)).
Support for it would be indicated by the fit of the
model containing equality constraints on both the
y- and the -parameters not being significantly
worse than the fit of the slope invariance model as
well as that of the baseline model.

APPLICATION OF THE PROPOSED PROCEDURE
TO CROSS-NATIONAL SURVEY DATA

Focal Construct

To illustrate our invariance testing procedure, we
focus on the product-country image (PCI) con-
struct, which is defined as the “aggregate image for
any particular country’s products” (Narayana, 1981:
32). This construct was chosen for illustrative
purposes for three main reasons: its importance in
international marketing research; the frequent use
of SEM in PCI studies; and its conceptual appro-
priateness for formative measurement.

Regarding the first reason, a comprehen-
sive review of research on the PCI theme by
Papadopoulos and Heslop (2003) revealed no fewer
than 766 studies since the field’s inception in the
1960s. Importantly, such research has been pub-
lished in a wide range of not only international
business outlets but also marketing and general
management journals. Therefore the PCI construct
is relevant to a multitude of researchers and can
serve as a good case-in-point for illustrating a

Journal of International Business Studies
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procedure that is of potential interest to many
fields of study.

Concerning the use of SEM in PCI research, a
recent review (Papadopoulos & Butt, 2005) showed
that SEM is used more extensively in PCI studies
than in several other areas in international market-
ing. This review further showed that the frequency
of SEM use and the sophistication of the proposed
models are increasing over time.’

Finally, the conceptual appropriateness of a
formative specification for the PCI construct is
strongly supported by Roth and Romeo, who note
that country images capture the “overall perception
consumers form of products from a particular
country, based on their prior perceptions of the
country’s production and marketing strengths and
weaknesses” (1992: 480, emphasis added). Han’s
(1989) well known “summary” construct of country
image also uses a formative specification whereby
consumers’ prior knowledge and experience with
brands from a given country form that country’s
overall image.

Measures

Based on an extensive review of the relevant
literature, we identified a total of 11 distinct attributes
relating to a country’s products, which we use as
formative indicators of the PCI construct, notably
x;=workmanship, x,=reliability, x3=innovativeness,
x4=quality, xs=after-sales service, xs=availability,
xy=appearance, xg=value for money, xo=technical
advancement, Xx;o=known brand names, and
x11=product variety. These attributes have been used
extensively in previous PCI studies and have been
shown to be relevant to respondents, to work
together well in different settings and study designs,
and to be able to capture the PCI construct domain
comprehensively, (see, e.g., Brodowsky, 1998; Heslop,
Papadopoulos, Dowdles, Wall, & Compeau, 2004;
Laroche, Papadopoulos, Heslop, & Mourali, 2005;
Nebenzahl & Jaffe, 1996; Papadopoulos, Heslop, &
IKON Research Group, 2000). Discussions with
several experts on PCI research also confirmed
that the above list comprehensively captures the
domain of content of the PCI construct, hence
supporting content validity.

Each attribute was measured on a seven-point
bipolar adjective scale (e.g., good/poor workman-
ship, reliable/unreliable, good/poor value for
money). In addition, three further “global” items
were used as reflective indicators of PCI for
identification purposes. These were drawn from
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Papadopoulos et al. (2000) and captured overall
evaluations of PCI (again on a seven-point bipolar
adjective format), namely, y;=“products from
country X are/are not for people like me”, y,=
“products from country X have/have not what I like
to buy”, and y3=I would/would not be proud to
own products from country X”.

Data Collection and Study Administration

The above measures were incorporated in a ques-
tionnaire and administered to samples of consu-
mers in major cities in the UK and Australia, and
Hong Kong. Japan was selected as the test origin
country because it combines two characteristics
that reduce the probability of confounds that might
be present in the case of other origins. First,
Japanese products are omnipresent, both world-
wide and particularly in the selected sample
countries. Second, Japanese exports are concen-
trated in a small number of sectors, such as cars and
consumer electronics. Both these characteristics
help reduce potential (lack of) familiarity effects
on consumer responses.

For the fieldwork, systematic area probability
sampling and the “drop-off/pick-up” technique
(Brown, 1987) were utilized, following the repeated
and successful use of this approach in PCI studies,
including many of those cited above and others
(e.g., Ahmed & d’Astous, 2003; Balabanis &
Diamantopoulos, 2004). The study was coordinated
centrally but administered by local colleagues, who
participated in the development of the research
instrument and pre-tested it at each location to
ensure linguistic and conceptual equivalence (Craig
& Douglas, 2005; Malhotra, Agarwal, & Peterson,
1996). The fieldwork yielded highly satistactory
response rates of 74% for Australia and Hong Kong
and 58% for the UK. Following listwise deletion
of missing values, the final sample sizes used for
the analysis were 282 for the UK, 286 for Australia,
and 325 for Hong Kong.

RESULTS

We first tested for metric equivalence in the
y-indicators by specifying a multi-group CFA mod-
el, in which y3; served as the reference (marker)
indicator while the loadings of y; and y, were
constrained to be equal across the three countries.
The model showed good fit, supporting the
hypothesis of metric invariance (7%(4)=8.628,
p=0.071; RMSEA=0.063; NNFI=0.978; CF1=0.990;
SRMR=0.045).

Journal of International Business Studies
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Table 1T ME/I test results

Model 72 value  DF D? DF  RMSEA  NNFI CFl SRMR
MT1: All y/s and s different 46.516 32 0.039 0.961 0.995 0.0136
M2: All y/s equal 87.532 54 41.016* 22 0.046 0.947 0.988 0.0355
M3: As M2 but y4, 77, and yo free in Hong Kong 60.599 51 14.083 19 0.025 0.983 0.996 0.0185
M4: As M3 plus equal ¥'s 62.589 53 16.073 21 0.025 0.983 0.996 0.0201
*p<0.01; D’=y4? - difference test in relation to M1 (baseline model).

Table 2 Parameter estimates and standard errors

Indicator Parameter Estimated value (Std error)
Workmanship (x) 7 —0.023 (0.047)

Reliability (x2) 72 0.163 (0.034)

Innovativeness (x3) 73 0.003% (0.023)

Quality (x4) Va4 0.149, (0.051), —0.042% (0.062) (HK)
After-sales service (xs) Vs 0.0472 (0.033)

Availability (xe) V6 0.236 (0.035)

Appearance (x7) V7 0.145 (0.037), 0.025% (0.044) (HK)
Value for money (xg) V8 0.195 (0.034)

Technical advancement (xo) Yo 0.071 (0.040), 0.317 (0.057) (HK)
Known brand names (x;0) Y10 —0.036 (0.028)

Variety (x11) 711 0.115 (0.037)

Products from Japan are for people like me (y;) A 0.765 (0.054)

Products from Japan have what | like to buy (y,) Az 1.000°

Residual variance VAR(() W 0.566 (0.080)

®Not significant (all other parameters significant at p<0.05 or better).
PFixed parameter.

We next used y; and y, as reflective indicators in
the baseline MIMIC model (M1) to test for structure
invariance.'” As Table 1 shows, the model produced
highly acceptable fit statistics, thus supporting
structure invariance.

Next, we tested the hypothesis of full slope
invariance by constraining all y-coefficients to be
equal across countries. The resulting model (M2)
produced a highly significant chi-square value
(#*(54)=87.53, p<0.01), accompanied by a notable
deterioration in all other fit statistics. Moreover,
the difference in the chi-square values between the
full slope and the baseline model was signi-
ficant (M2—M1: D*(22)=41.02, p<0.01). Thus the
hypothesis of full slope invariance was rejected.

Examination of the MIs and associated EPCs
revealed that the significant increase in chi-square
between the baseline (M1) and the full slope
invariance model (M2) was due to the y-coefficients
of three indicators, namely x4 (quality), x; (appear-
ance), and xo (technical advancement); specifically,
the EPC statistics indicated that the coefficients
of x4 and x; were lower and that of xo was higher
in Hong Kong than in the other two countries.

Subsequently, we relaxed the equality constraints
for the Hong Kong sample in a sequential fashion,
starting with the y-coefficient associated with the
highest MI. The resulting partial slope invariance
model (M3) was not significantly worse than
the baseline model, as indicated by the chi-square
difference test (M3—M1: D?*(19)=14.08, p>0.10).
Moreover, a comparison between the full and
partial slope invariance models showed a highly
significant improvement in chi-square (M2—-M3:
D*(3)=26.93, p<0.001). Thus partial slope invar-
iance (with only three invariance constraints
relaxed and all in a single country) was supported.

Finally, we also added equality constraints on the
variances of the disturbance terms and compared
the resulting model (M4) with those of the baseline
model (M4—M1: D*(21)=16.07, p>0.10) as well as
with the partial invariance model with no con-
straints on the disturbances (M4—M3: D?(2)=1.99,
p>0.10). The results supported the hypothesis of
residual invariance under conditions of partial
slope invariance.

Table 2 shows the parameter estimates for our
final model (M4). As already stated, the coefficients
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for only three indicators are not invariant across
all three countries, and in all cases the lack of
invariance can be attributed to the Hong Kong
sample. Specifically, while both x4 (quality) and x;
(appearance) are significant attributes forming
Japan’s PCI in the eyes of UK and Australian
consumers, they are apparently of no importance
to Hong Kong consumers (the coefficients of x4 and
x7 are not significant in the Hong Kong sample).
Moreover, Hong Kong consumers appear to place
greater emphasis on technical advancement (xo)
as compared with the other two samples. Taken
together these differences suggest that the PCI
construct (at least for Japan as the focal country)
is characterized by some variations in its composi-
tion in different countries.

DISCUSSION AND CONCLUSIONS
Building on the recent interest in formative
measurement, this study adds to the literature on
cross-national ME/I by providing researchers with
guidelines regarding the assessment of different
types of ME/I when the focal construct is operatio-
nalized by means of formative indicators. Our
contribution is threefold. First, we show that both
the types of ME/I associated with reflective mea-
surement and the methods used to test for them
are inappropriate when formative indicators are
involved. Second, we identify three distinct types of
ME/I (structure, slope, and residual invariance) that
are conceptually congruent with the nature of the
formative measurement model and also highlight
statistical issues associated with their assessment.
Third, we outline a step-by-step procedure that
researchers can follow to test the ME/I of their
formative measures and illustrate the application of
the procedure on actual survey data from a three-
country study.

Contrasting the assessment of ME/I for reflective
vs formative measures, several important differ-
ences can be noted. First, unlike reflective measure-
ment, in which constructs are assumed to exist
independently of their indicators (Borsboom,
Mellenbergh, & van Heerden, 2003), in formative
measurement models constructs are specified as a
function of particular indicators chosen to measure
them (Edwards & Bagozzi, 2000). The implication
of this from an ME/I perspective is that any lack of
invariance associated with formative indicators
implies that the construct itself differs across
countries. The degree and substantive importance
of this difference depend directly on the source of
the invariance. At the one extreme it could reflect a
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lack of structure invariance, as evidenced by poor
fit of the formative measurement model even before
cross-country equality constraints are imposed
(i.e., the baseline model itself is not stable across
countries). At the other extreme it could simply
reflect a lack of slope invariance in only one or two
formative indicators, with the rest being fully
invariant across countries (not unlike the partial
invariance situation observed in our illustrative
example). In the latter case it becomes a question of
judgment whether, taken together, the non-invar-
iant indicators point to a major difference in the
composition of the focal construct across countries.
Specifically, an indicator may turn out to be non-
invariant because:

1. its y-coefficient is significant in some countries
but not in others (e.g., see x; in Table 2);

2. its y-coefficient is significant and of consistent
sign in all countries investigated, but the abso-
lute magnitude of the coefficient varies substan-
tially across countries (e.g., see x9 in Table 2); or

3. it displays a significant y-coefficient in all
countries but with inconsistent signs.

Arguably, case (3) points to a more serious dif-
ference in the functioning of the indicator across
countries than either case (1) or (2), but further
methodological research is clearly necessary to
throw more light on this issue. Further research is
also needed to establish the boundaries of “accep-
table” partial slope invariance since, at present,
“there is no agreement, ..., on the proportion of
the parameters in the model that should be
invariant so that the entire measurement model is
considered reasonably invariant” (Yoo, 2002: 389).

A second important difference in the assessment
of ME/I for reflective vs formative measures arises
from the different form of the relationship linking
the indicators to the focal construct. Whereas in
reflective measurement models each individual
indicator is linked to the (underlying) latent
variable by means of a simple regression equation,
in formative models a multiple regression specifica-
tion (see Eq. (1) above) is used to link the set of
indicators to the (composite) latent variable (Bollen
& Lennox, 1991). The implication of this from an
ME/I perspective is that multicollinearity problems
may hinder a proper assessment of slope invariance
across countries. This is because some formative
indicators may display non-significant y-coeffi-
cients in some countries (but not in others), merely
because these indicators are strongly correlated
with other indicators included in the measurement
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model. To the extent that multicollinearity affects
the various country datasets in different ways, tests
of slope invariance are just as likely to highlight the
effects of multicollinearity as to reveal “true” cross-
national similarities/differences in the functioning
of the indicators involved. Therefore methodologi-
cal research specifically addressing the issue of
multicollinearity in the context of ME/I assessment
would be most welcome.'!

A third difference between reflective and forma-
tive measures, impacting on the assessment of ME/
I, is linked to the identification issue. In our
illustrative case, the yx; and iy estimates in Table 2
have been obtained by using y; and y, as reflective
indicators in the MIMIC model specification. Had
we used a different set of reflective indicators, a
different set of parameter estimates would have
been obtained, and therefore the overall picture of
invariance painted might also have been different.
Thus assessment of ME/I for formative indicators is,
in a sense, context-specific, and therefore “the
selection of the ‘external’ (i.e., additional) variables
necessary for achieving identification is just as
crucial in formative measurement models as in the
selection of the formative indicators themselves”
(Diamantopoulos, 2006: 15). Although this con-
text-specificity has been seen by some as a general
weakness of formative measurement (see Howell,
Breivik, & Wilcox, 2007; Howell et al., 2008), Bollen
argues that it is possible to deal with it by
considering alternative outcome variables: “if the
coefficients (ys) change depending on the outcome,
this is evidence of a structurally misspecified
model, and we should question the validity of the
model and the appropriateness of the latent vari-
able” (2007: 222). Again, this is an issue in need of
further research in an ME/I context.

In conclusion, several noteworthy differences
distinguish the assessment of ME/I of reflective vs
formative measurers, and several important issues
are in need of further study. Nevertheless, it is
hoped that the procedure outlined in this article
will provide an initial platform to help interna-
tional business researchers evaluate the cross-
national stability of their formative measures and
thus facilitate the application of the latter in
comparative research.

NOTES

'For discussions of the consequences of lack of ME/I
in comparative research, see Mullen (1995), Singh
(1995), Steenkamp and Baumgartner (1998) and He,
Merz, and Alden (2008).

For a review of formative indicators and their
properties, see Bollen and Lennox (1991) and
Diamantopoulos and Winklhofer (2001).

*Note that the proposed procedure is applicable
whenever any sets of distinct groups are to be
compared. While we focus here on the assessment of
ME/I from a cross-national comparison viewpoint, the
issue of ME/I is relevant whenever a cross-group
comparison is involved (for a wide range of applica-
tions of ME/I see Vandenberg & Lance, 2000).

“*For a comprehensive review of types of invariance
when reflective measures are involved see Vandenberg
and Lance (2000).

>Theoretical importance “refers to the change in
the criterion variable based on a given change in the
predictor variable, which can be measured using
the regression coefficient” (Johnson & LeBreton,
2004: 239).

SMetric invariance requires that the loadings of y;
and y, be equal across countries (see Steenkamp &
Baumgartner, 1998).

’An alternative approach would be to still use a
MIMIC model but with y; and y, representing
observed outcomes of 5 rather than reflective indica-
tors of the latter. For example, Diamantopoulos and
Siguaw (2006) use two items capturing the effective-
ness of knowledge dissemination within the firm as
outcomes of their export coordination construct. Yet
another approach is to use two (reflectively measured)
constructs as outcomes of 5. However, this last
approach is potentially more problematic, as: (1) each
of these outcome constructs would have to be
measured by at least three reflective indicators (so
that it can be independently identified); (2) the
constructs would have to be unrelated to one another
(implying absence of structural links or correlated
disturbances); and (3) metric invariance of these
constructs would have to be established prior to
testing for the ME/I of the focal formatively measured
construct.

8n multi-group research latent variables should
not be scaled by standardizing their variances.
Indeed, “neither the observed nor the latent variables
should be standardized. To compare parameters across
groups, the variables must be measured in a common
metric for all groups” (Joreskog & Sorbom, 1989:
238).

9Virtually all of these models, however, use reflec-
tive operationalizations of the PCl construct (see,
e.g., Haubl, 1996; Heslop et al., 2004; Laroche et al.,
2005).

We used y, as the reference (marker) indicator by
setting its loading to 1 in all three countries.
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"In our empirical example multicollinearity
did not (fortunately!) pose a problem in any of
the three countries investigated, as indicated by
variance inflation factors much lower than the
typical cut-off threshold of 10 (see, e.g., Kleinbaum,
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