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Can We Assess Formative Measurement using Item
Weights? A Monte Carlo Simulation Analysis

Jun He
University of Michigan-Dearborn
junhe@umich.edu

ABSTRACT

This study questions a common practice of using iteeights for construct validity tests in the apation of formative
measurement. The practice does not confirm tohtberetical formation of formative constructs. A MerCarlo simulation
analysis is conducted to examine the practice.r&helts clearly demonstrate that item weights doreftect the true design
of the focal formative construct; using item weighhay mislead the development and the applicatiofolonative
instruments in empirical research.
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INTRODUCTION

In recent years, formative measurement has receineth attention among researchers. Some reseasaiggsst rethinking
the theoretical origin of constructs and adopt memment models accordingly (Chin, 1998; Marakasalet 2007).

Procedures and methods have been proposed forogewgland utilizing formative measurement (e.garmantopoulos and
Winklhofer, 2001; Jarvis et al., 2003; Podsakoffaét 2003; Diamantopoulos, 2006; Diamantopouloslet2008). But

contradictory recommendations (Howell et al., 208l unsolved statistical issues (Diamantopoulad.e2008) make the
use of formative measurement an art rather thaieace.

A central issue in the development of formative sueaments is the test of construct validity. Thiéditg of a construct

should be established before the research modebeamsted for any empirical inference (Straub,9)98&or reflective

measurement, which is derived from the traditidfattor Analysis and Classical Test Theory (Bolled &ennox, 1991),
various validity test techniques have been develap®l validated in the literature. For formativeasirement, however,
there is no widely-accepted technique that is blotoretically profound and empirically validatedijsting guidelines in the
literature are ambiguous in general and contradiata certain issues.

This study attempts to question one common pradticthe validation of formatively measured constsuaising item

weights for the decision of retaining or droppingasurement items. The practice has been suggexdeapalied by many
researchers in their endeavor of using formativeasueement (e.g., Loch et al., 2003; Marakas et2@0;7; Urbach and
Ahlemann, 2010), but has not been formally validatéith careful examination on its methodologicadynds and statistical
implications. The study argues that using item Wesigviolates the underlying assumptions of fornatimeasurement. To
investigate the query, Monte Carlo simulation asislys employed as the main research method.

The paper is organized as follows. First, the irgoure of construct validity tests is discussed, #ral properties of
formative and reflective measurements are examiméen, Monte Carlo simulation analysis is introdliGs the main
research method. The design of the simulation aislg explained, and the results are summarized.pBper ends with a
discussion of the results and their implicationstf@ application of formative measurement in eropirresearch.

CONSTRUCT VALIDITY

In his seminal work, Straub (1989) discussed thaoiance of instrument validation in the researtmformation systems
(IS), and provided guidelines on how to test insteat validity in empirical research. Figure 1 summes the recommended
procedure of validating instruments.

Table 1. Procedures and Tests of Instrument Validity, Adapted from Straub (1989)

Procedure of . .
Validity Tests Purpose Questions to Ask Common Methodsg Techniqueg
1. Content The representatives of  Are instrument nreasdrawn from all Review process
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Validity measures possible measures of the pragseutnder
investigation?
. Do measures show stability across Convergent validity testf * MTMM analysis
The meaningfulness of . . .
2. Construct methodologies? Are the data a reflection and « Factor analysis
Y constructs as . . A .- )
Validity measured of true scores or artifacts of the kind of | Discriminant validity « Factor loadings
instrument chosen? test and AVE in SEM
Do measures show stability across the
its of ob ion? That | d liabilitvl Cronbach alpha
3. Reliability Stability of measures units of observation? That is, cou Measurement reliability| Composite
' measurement error be so high as to tests liabilit
discredit the findings? refiabiiity
4. Internal Properties of the Are there untested rival hypotheses for Grounqllng the fesearch Literature review
- hypotheses, soundness, model in established and hypothesis
Validity the observed effects? .
of the research model theories development
- . S ¢ Regression
5. Statlstlcal Testing results of the Do the vanables demo_nstrate Exan_matlon of the path} | MANCOVA
Conclusion research model relationships not explainable by chance|ocoefficients and model « SEM using PLS
Validity some other standard of comparison? fit indexes LISRInglgtgc '

According to Straub (1989), construct validity csreonvergent validity and discriminant validity.cAnstruct measurement
demonstrates convergent validity if its measuresetates strongly (both in significance and in niagie) with and
converges on the designated construct; the measutesiemonstrates discriminant validity if the ctatiens between the
measures and other constructs are not as strotigabs$o the focal construct, i.e., of smaller magphes. Straub (1989)
further recommended multitrait-multimethod (MTMMgchniques, and confirmatory or principal componefastor
analysis, for the assessment of convergent validitghe method of structure equation modeling (9EK employed,
researchers can examine factor loadings and aveeg@gace extracted (AVE) for the test of constradidity (Chin, 1998;
Gefen et al., 2000; Urbach and Ahlemann, 2010).

Struab’s recommendations for instrument validatiawe profound influence in the field of IS resear€bnstruct validity
test has been accepted as an essential componeampifical research. However, one should note tBaaub’s
recommendations were designed for reflective meamsents. The question that Straub has asked foexhmination of
construct validity is that “Are the data a reflectiof true scores or artifacts of the kind of instent chosen?” (Straub, 1989;
p. 150); the question suggests a reflective naifitke construct measurement.

REFLECTIVE VS. FORMATIVE MEASUREMENT

Construct operationalization is an important pdrttiee empirical research process in social sciemog management
research. Abstract concepts are assessed by cedfsirof measures before their hypothesized effesntsbe empirically
tested within a theoretical network. The statidtiest method of structure equation modeling ciyiz&s the issue by
separating measurement models from structural rmodetasurement models depict the nature and direcfirelationships
between constructs (also labeled as latent vagdblethat they cannot be directly observed) aeif tmeasures or indicators,
while structural models depict the relationships oamh the constructs themselves (Bollen, 1989; Byrh898).
Conventionally, constructs are modeled as causeseakures, meaning that variation in a constractddo variation in its
measures (Bollen, 1989). The mathematical modetihgeflective measurement conveys such design égtitrg each
measure as a function of the designated consttustgpror (Edwards and Bagozzi, 2000).

In their seminal work, Bollen and Lennox (1991)atissed the limitations of conventional construcasueement models
and presented an alternative model in which indisaéire modeled as causes, rather than effectgygested by the classical
test theory, of a latent variable. The model i®latl as formative measurement for that the meawifimgconstruct is formed
by rather than reflected from its measures (Diamoulos et al., 2008; Kim et al., 2010). The matageal modeling
accordingly formulates the construct as a functbits measures plus error (Edwards and BagozfiDR0rhe work led to
great interest among researchers on the use ofafsenmeasurement in social science and managerasearch (e.g.,
Diamantopoulos and Winklhofer, 2001; Jarvis et 2003; Podsakoff et al., 2003; Diamantopoulos, 2006a recent issue
of MIS Quarterly, much of the designated Speciaddaech Commentary Series on Quantitative Reseaasidevoted to the
difference between formative and reflective measears (Gefen et al., 2011).

Many statistical issues remain unsolved for formatineasurement (Diamantopoulos et al., 2008). Hewelie discussion
has reached a common agreement among researcharding the properties of each measurement. Thegeegies are
briefly summarized in Table 2.
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Table 2. Properties of Reflective M easurement and For mative M easur ement

Reflective Measurement

Formative Measurement

Theoretical Foundation

Classical Test Theory (Lord & Novick, 1968;
Spearman, 1910) with a common assumption
that a construct (i.e., the latent variable)
determines its indicators.

Based on Factor AnalysigéBman, 1904) and

Alternative approach from the traditional
reflective measurement with the assumption t
indicators cause the focal construct (i.e., the
latent variable) (Blalock, 1964; Bollen and
Lennox, 1991)

hat

Mathematical Model

xp =4 + 5

in which, x; is theith indicator of the latent
variables, ¢ is the measurement error for title
indicator, and; is a coefficient (loading)
capturing the effect af onx.

n
= Z Bri+l
i=1

in which, 3 is a coefficient capturing the effect

of indicatorx; on the latent variablg, and( is a
disturbance term.

Graphical Representatio

Source of Variance

The latent variabileepresents the common
cause shared by a set of indicators.

The latent variablg represents a combined
variance supplied by a set of indicators,
including the interactions among them.

Measurement errors:

Measurement error is assurmezhfd
indicator. The measurement error is fully
independent, i.e., coy(£)=0, and cow;, &)=0
fori#j.

No measurement errors. In other words, all
indicators are assumed to be accurate measu
of n.

res

Relationships among
indicators

All indicators (including potential measures)
equally reflect the value of the underlying
construct after controlling measurement errof
Dropping or adding an indicator does not affe
the value of.

Each indicator represents a unigue informatio
source of the focal construgt Dropping or

Sadding an indicator will change the valuetof
tl(MacKenzie et al., 2005).

Relationships with other
constructs in a structural
model

The value of the construct is self-sufficiently
explained by its indicators, therefore largely
independent from the structural model.
Correlations between the construct’s indicator
and other exogenous variables (i.e., cross-eff
relationships) should not exceed the correlatid
between indicators and their designated varia|

The value of the construct is contingent on its
relationships with other constructs, especially

sCorrelations between the construct’s indicator
c@nd other exogenous variables are freely
nastimated.

the outcome variables, in the structural modell.

ple.

QUESTION THE USE OF ITEM WEIGHTS IN FORMATIVE MEASUREMENT

When developing a formative instrument, each itdroutd be examined regarding its contribution to fiheal construct:
items that provide significant contribution shoblel retained and items with trivial influence to tbeal construct should be
dropped (Loch et al., 2003). A common practicehia examination is the use of item weight. Signifima of a weight
suggests a substantial contribution while insigaifice suggests a negligible contribution from theestigated item
(Marakas et al., 2007). Often, a p-value of 0.0Briployed as the threshold for such examinationarisulated in Urbach
and Ahlemann (2010), “a significance level ofeddt .050 suggests that an indicator is relevarth# construction of the
formative index and, thus, demonstrates a suffiderel of validity” (p. 20).
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However, the suggestion in fact violates the thiwak origin of formative measurement. In the matla¢ical model of
formative measurement (Table 2), the construcbimé&d as a function of its measures plus error @dsvand Bagozzi,
2000); there is no assumption regarding internkdtimnships among the measures. In fact, the aiiogls among the
measures should be freely estimated in a SEM Asssuch, if items are highly correlated with onether, the significance
of an item weight may not truly reflect the contiiion of the item.

The argument raises the question of indicator medliiity (large amount of shared variances amongcatats, or
measurement items), which is common in formativasnees (Diamantopoulos and Winklhofer, 2001). \Whthpresence of
collinearity, the influence of one item on its dpwted construct cannot be separated from theeimfles of the other
indicators in the formative measurement model. datir collinearity in formative measurement has shene statistical
properties with multicollinearity in multiple reggsion, an issue that does not reduce the prediativer or reliability of the
model as a whole but distorts the coefficient eatén of predictors in an erratic way. The presafdedicator collinearity
does not violate the statistical assumptions ofmfdive measurement (e.g., the correlations amodigdtors are freely
estimated in the formative measurement model), kewethe estimated item weights will not reflece tirue unique
contributions of indicators. As such, these itenights should not be associated with meanings.

To further assess the use of item weights in thiditsatest of formative measurement, a Monte Cailoulation analysis is
designed.

MONTE CARLO SIMULATION ANALYSIS

Design

In the simulation analysis, data were generatezbtdorm to an underlying population model where ihedictor of X has a
predefined impact, i.e., beta = 0.0, 0.1, 0.3, Orbthe dependent variable of Y. X was designeal fasmative construct that
was measured with five items; the contributions. (item weights) of the five items are also prahef with certain weights.

Each factor is randomly generated with certain progs of (1) being an integer within the rangd«#0, (2) presenting the
property of normal distribution, (3) having a préded relationship with other factors (the corrilatmatrix are predefined;
four patterns of correlations are designed, inclgdiorrelation coefficient= 0, 0.1, 0.3, 0.5 among the five factors).

More specifically, the data are randomly generatgd the following properties:
* Formative measurement of X:
X=01*ltem1+0.15*Item2+ 0.2 *ltem 3 +25 *ltem4 + 0.3 * ltem 5

»  Correlation matrix for the five items is definas:

Iltem 1 Item 2 Item 3 Iltem 4 Iltem 5
Iltem 1 1
Iltem 2 r 1
Item 3 r r 1
Iltem 4 r r r 1
Item 5 r r r r 1

Wherer =0, 0.1, 0.3, 0.5
e Structural model:

Y = X + error, wherg8=0, 0.1, 0.3, 0.5

Results

In the IS empirical research, PLS and LISREL aeettio most popular SEM techniques. The two techesmqften generate
very similar, if not identical, results (Gefen &t 2000). For the study, PLS was selected astttesscal tool for the test of
the simulated data. The decision was made becduaeunique feature of PLS that allows the inclusadra variable to
“stand alone” in the model without any specifiethtienship to other variables. In this study, thestvalue of X (calculated
by the aforementioned formula) was included intdst, so that its relationship with the estimaterémafter referred to as
X’) could be assessed.
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The data were generated with Excel. Each dataagbfif00 data points. PLS-Graph 3.0 was used tdhestimulated data.
To get reliable results, the test were repeateditad® times, each time with a differently simulatainple data. The results
of the simulation are summarized in Table 3 andahle 3 reports the pattern of simulated tests lthat been conducted;
Table 4 reports the results regarding the item ksigind their associated significance (T-test \glder the simulated

formative measures.

Table 3. Simulation Patterns

True 8 Average Estimate| Average T-tests of r Avgrage of the | Counts of Simulation
of B the 8 Simulatedr Tests
0 -0.01 1.65 0 0.0¢ 21
0 -0.03 1.45 0.1 0.08 1D
0 0.02 1.77 0.3 0.2% 20
0 -0.01 1.41 0.5 0.40 20
0.1 0.14 3.39 q 0.00 21
0.1 0.14 3.13 0.1 0.08 19
0.1 0.14 3.22 0.3 0.25 20
0.1 0.12 2.48 0.5 0.40 2p
0.3 0.31 7.93 Qg 0.00 21
0.3 0.31 7.95 0.1 0.08 19
0.3 0.30 7.95 0.3 0.25 20
0.3 0.30 7.78 0.5 0.40 2D
0.5 0.48 14.43 q 0.00 21
0.5 0.49 15.11 0.1 0.08 19
0.5 0.48 14.47 0.3 0.2 20
0.5 0.49 14.30 0.5 0.40 20
Total simulation tests 320

One should note that for a tri= 0, which suggests the nonexistence of relatipnisetween X and Y, all simulation tests
have concluded’ with insignificance (i.e., the associated T-valaes less than 1.96) regardless of the correlgiaiterns
among the five formative measures; for otfflsr the simulation tests have concluded significameehe relationship of
X=>Y; such significance is not affected by the inténetationships (i.e.r’s) among the five formative items.

Table4. Resultsof Simulation Testson Item Weights

Simulation Pattern Average ltem Weights Average T-tests of ltem Weight R(X - X)

B r F1 F2 F3 F4 F5 F1 F2 F3 F4 F§

0 0 0.30] 0.15 0.16  -0.18 0.05 120 1p0 1427 1.11.141 0.14

0 0.1 0.23 0.10 0.09 0.23 -0.05 1.13 1/33 1.12 1.08.97 0.28

0 0.3 0.13] 025 -003 -005 -0.01 165 0j94 1210561. 1.28 0.15

0 0.5 0.09 0.13 -0.14 0.0 0.14 1.01 1j21 1.31 1.02.47 0.17

0.1 0 0.15 0.31 0.30 0.37 0.47 1.14 1/48 1.51 1.52.24 0.73

0.1 0.1 0.03 0.2¢ 0.29 0.43 040 088 1/26 1.18 31.71.73 0.71

0.1 0.3 0.22 0.1§ 0.2y 0.30 0.19 1.p2 119 .18 11.31.11 0.73

0.1 0.5| -0.01] 0.23 0.19 0.23 0.30 096 1/11 Q.80940. 1.27 0.72

0.3 0 0.18 0.29 0.42 0.47 0.64 10 2.32| 350 391| 6.04 0.93

0.3 0.1 0.18 0.20 0.38 0.49 0.46 1.43 1] 292| 4.20| 3.79 0.92
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0.3 0.3 0.11] 0.2 0.38 0.31 042 103 1] 2.28| 2.16| 3.02 0.93

0.3 0.5 0.14 0.1d 0.25 0.34 0.42 1.07 0}88 1 211 257 0.95

0.5 0 0.20| 0.3¢ 0.44 0.50 0.4 253| 3.80| 5.96| 6.89| 9.69 0.96

0.5 0.1 0.19 0.29 0.34 0.44 0. 236| 3.76| 4.37| 6.02| 7.41 0.96

0.5 0.3 0.13 0.23 0.30 0.40 0.41 1| 250| 341| 460| 4.93 0.97

0.5 0.5 0.12] 0.27 0.26 0.31 037 1| 225| 257| 3.11| 3.84 0.97
Note:

1. F1-5 are the five formative items formulated for X.
2. The actual weights assigned to the five items are@®15, 0.2, 0.25, and 0.3 respectively.

The results clearly demonstrate that item weights their associated significance (i.e., T-valuéghificantly deviate from
the designed formation of the construct of X. Ifyosignificant weights are included in the measueatmas marked by the
shaded area with T-values > 1.96, many items wilthopped and the resulting instrument may noécethe true value of
X.

The correlation between X (the true value of therfative construct) and X’ (the estimated valuehef tonstruct) can be
used as an indicator of the quality of the measaremClose examination of the correlation (R(X'} K the Table) suggests
that the correlation increases to a very high I¢vel, R>0.92) when X serves as a strong predictor off¥ (0.3 and 0.5 in

the simulation tests). The pattern suggests thath® application of formative measurement, thetbtcal relationship of
the formative construct X to other variables (i.the hypothesized effects) plays a crucial roleaghieving quality

assessment of the focal construct. The strongethiberetical relationship, more likely will the foative measurement
reveal the true value of the underlying construct.

CONCLUSION

This study questions a common practice of using iteeights for construct validity tests in the apgtion of formative
measurement. The practice does not confirm toththeretical formation of formative constructs. A MerCarlo simulation
analysis is conducted to examine the practice.réhelts clearly demonstrate that item weights doreftect the true design
of the focal formative construct; using item weighhay mislead the development and the applicatiofoinative
instruments in empirical research.
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