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Abstract

When the formative construct is placed in the endogenous position, there are clear theoretical, 

mathematical, and empirical issues in model estimation. Nonetheless, scholars who have adopted structural 

equation modeling for empirical research and those who are engaged in debates on the viability of formative 

modeling fail to recognize the fundamental problems of employing formative measurement in the endogenous 

position. This manuscript is intended to set a corrective path by discussing three reasons why this frequented 

practice may be avoided in both theoretical and empirical research.
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1. Introduction

In the wake of much debate regarding the 

integrity of formative measurement, beha-

vioral researchers including IS scholars are 

facing growing uncertainties in its usage. 

Many scholars are engaged in the debate in 

an attempt to find convergence on the mer-

its and demerits of adopting formative mo-

deling in academic research [e.g., Howell et 

al., 2007; Bollen, 2007; Bagozzi, 2007; Wilcox 

et al., 2008; Franke et al., 2008; Hardin et al., 

2008; Cenfetelli and Bassellier, 2009; Kim et 

al., 2010; Bagozzi, 2011; McKenzie et al., 

2011; Bollen, 2011; Diamantopoulos, 2011; 

Edwards, 2011; Treiblmaier et al., 2011; 

Hardin and Marcoulides, 2011; Hardin et al., 

2011; Shin and Kim, 2011; Aguirre-Urreta 

and Marakas, 2012; Petter et al., 2012; Jarvis 

et al., 2012]. Despite the heated theoretical 

discussions on the viability of formative mo-

deling, its usage in empirical research has 

been steady [Diamantopoulos et al., 2008; 

Diamantopoulos 2011]. For instance, from 

the literature review of the two premier IS 

journals, Information Systems Research and 

MIS Quarterly, we found 90 formatively de-

fined constructs in 47 research articles since 

2000 (see <Table 1> and <Table 2>). The 

information systems field not only has ac-

tively employed formative modeling for em-

pirical research but also has become the ep-

ic center of the ongoing and constructive 

discourse on its theoretical viability [Hardin 

and Marcoulides, 2011]. 

In this manuscript, we bring to the atten-

tion that scholars who have adopted for-

mative measurement for empirical research 

and those who are engaged in the debates 

on formative modeling failed to recognize 

the fundamental problems of having the 

formative construct in the endogenous po-

sition of a structural equation model. In 

other words, the formatively-defined endo-

genous construct results in estimation bias 

in empirical analysis and also flawed argu-

ments in theoretical debates. As summari-

zed in <Table 1>, empirical researchers 

have employed the first-order, second- or-

der, and even third-order [e.g., Bassellier 

and Benbasat, 2004; Sun, 2012] formative 

constructs in both exogenous and endoge-

nous positions. Also, a group of methodo-

logists debate about the potential bias in 

parameter estimates as a result of measure-

ment model misspecification of the formative 

construct placed in the exogenous and en-

dogenous positions [e.g., Aguirre-Urreta and 

Marakas, 2012; Petter et al., 2012; Jarvis et 

al., 2012; Jarvis et al., 2003; MacKenzie et 

al., 2005; Petter et al., 2007]. However, if the 

theoretical debates are grounded on the for-

mative model structure whose estimation 

integrity itself becomes questionable, they 

could convey erroneous messages to rea-

ders. By pointing out the risks associated 

with formative measurement in the endog-

enous position, we would like to caution 

current empirical and theoretical research 

practices.



Positions of formative construct 

Exogenous Endogenous

First-

order

∙Security education, training, and awareness 

programs [D’Arcy et al., 2009; ISR]

∙User awareness of security policies [D’Arcy et al., 

2009; ISR]

∙Computer monitoring [D’Arcy et al., 2009; ISR]

∙Perceived performance [Kim et al., 2009; ISR]

∙Virtual copresence [Ma and Agarwal, 2007; ISR]

∙Self-presentation [Ma and Agarwal, 2007; ISR]

∙Psychological contract violation with an individual 

seller [Pavlou and Gefen, 2005; ISR]

∙Demographic similarity [Preston and Karahanna, 

2009; ISR]

∙Experiential similarity [Preston and Karahanna, 

2009; ISR]

∙Equitable Work Performance Fulfillment [Au et al., 

2008; MISQ]

∙Equitable Relatedness Fulfillment [Au et al., 2008, 

MISQ]

∙Equitable Self-Development Fulfillment [Au et al., 

2008; MISQ]

∙Knowledge diversity [Carlo et al., 2012; MISQ]

∙Knowledge depth [Carlo et al., 2012; MISQ]

∙Knowledge linkages [Carlo et al., 2012; MISQ]

∙IT support for knowledge management Practices 

[Choi et al., 2010; MISQ]

∙Web Experience [Choudhury and Karahanna, 2008; 

MISQ]

∙Web Use [Choudhury and Karahanna, 2008; MISQ]

∙Differentiation [Gattiker and Goodhue, 2005; MISQ]

∙Influence of family, relatives, friends, and peers 

[Hsieh et al., 2008; MISQ]

∙Project size [Iacovou et al., 2009; MISQ]

∙Social influence [Johnston and Warkentin, 2010; 

MISQ]

∙User participation [Spears and Barki, 2010; MISQ]

∙Social norms [Srite and Karahanna, 2006; MISQ]

∙Champion [Wixom and Watson, 2001; MISQ]

∙Resources [Wixom and Watson, 2001; MISQ]

∙User Participation [Wixom and Watson, 2001; MISQ]

∙Team Skills [Wixom and Watson, 2001; MISQ]

∙Source Systems [Wixom and Watson, 2001; MISQ]

∙Product development cost [Banker et al., 2006; ISR]

∙Product design cycle time [Banker et al., 2006; ISR]

∙Perceived risk [Kim et al., 2009; ISR]

∙Perceived benefit [Kim et al., 2009; ISR]

∙Structural systems of knowing [Preston and 

Karahanna, 2009; ISR]

∙Task performance [Yi and Davis, 2003; ISR]

∙Declarative knowledge [Yi and Davis, 2003; ISR]

∙Team performance [Choi et al., 2010; MISQ]

∙Optimistic biasing [Iacovou et al., 2009; MISQ]

∙Pessimistic biasing [Iacovou et al., 2009; MISQ]

∙Relationship-specific performance [Klein and Rai, 

2009; MISQ]

∙Strategic information flows [Klein and Rai, 2009; 

MISQ]

∙Software team response extensiveness [Lee and Xia, 

2010; MISQ]

∙Software team response efficiency [Lee and Xia, 

2010; MISQ]

∙ERP assimilation [Liang et al., 2007; MISQ]

∙IS continuance usage [Limayem et al., 2007]

∙Management infrastructure sophistication 

[Ravichandran and Rai, 2000; MISQ]

∙Process management efficacy [Ravichandran and 

Rai, 2000; MISQ]

∙Stakeholder participation [Ravichandran and Rai, 

2000; MISQ]

∙Quality performance [Ravichandran and Rai, 2000; 

MISQ]

∙Intention to Use [Titah and Barki, 2009; MISQ]

∙Self-reported use [Venkatesh and Ramesh, 2006, 

MISQ]

∙Use [Venkatesh et al., 2012; MISQ]

<Table 1> Articles with Formative Construct(s) (Sources : ISR and MISQ)
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Higher-

order

∙IS use-related activity [Barki et al., 2007; ISR]

∙System usage [Burton-Jones and Straub, 2006; ISR]

∙Service quality [Cenfetelli et al., 2008; ISR]

∙Supporting services functionality [Cenfetelli et al., 

2008; ISR]

∙External pressure [Chwelos et al., 2001; ISR]

∙Readiness [Chwelos et al., 2001; ISR]

∙IT leveraging competence [Pavlou and El Sawy, 2006; 

ISR]

∙IT architecture modularity [Tiwana and Konsynski, 

2010; ISR]

∙IT governance decentralization [Tiwana and 

Konsynski, 2010; ISR]

∙Business Competence [Bassellier and Benbasat, 2004; 

MISQ]

∙Organizational climate [Bock et al., 2005; MISQ]

∙Top Management Championship [Chatterjee et al., 

2002; MISQ]

∙SLA Characteristics [Goo et al., 2009; MISQ]

∙Task-oriented communication [Kanawattanachai 

and Yoo 2007, MISQ]

∙Trusting beliefs [Klein and Rai, 2009; MISQ; Sia et 

al., 2009; MISQ]

∙User familiarity [Nadkami and Gupta, 2007; MISQ]

∙Habit [Polites and Karahanna, 2012; MISQ]

∙Propensity to resist change [Polites and Karahanna, 

2012; MISQ]

∙IT Infrastructure Integration for SCM [Rai et al., 2006; 

MISQ]

∙Neutralization [Siponen and Vance, 2010; MISQ]

∙Novel Situations [Sun, 2012; MISQ]

∙Mimetic pressures [Teo et al., 2003; MISQ]

∙Coercive Pressures [Teo et al., 2003; MISQ]

∙Normative Pressures [Teo et al., 2003; MISQ]

∙Website quality [Wells et al., 2011; MISQ]

∙Network effects [Zhu et al., 2006; MISQ]

∙Adoption costs [Zhu et al., 2006; MISQ]

∙NPD functional competencies [Pavlou and El Sawy, 

2006; ISR]

∙NPD dynamic competencies [Pavlou and El Sawy, 

2006; ISR]

∙Perceived Effectiveness of IT-Enabled Institutional 

Structures [Pavlou and Gefen, 2005; ISR]

∙Observational learning processes [Yi and Davis, 

2003; ISR]

∙Perceived website complexity [Nadkami and Gupta, 

2007; MISQ]

∙Perceived behavioral control [Pavlou and Fygenson, 

2006; MISQ]

∙Inertia [Polites and Karahanna, 2012; MISQ]

∙Supply Chain Process Integration [Rai et al., 2006; 

MISQ]

∙Firm Performance [Rai et al., 2006; MISQ]

∙Trusting beliefs [Sia et al., 2009; MISQ]

∙Adaptive System Use [Sun, 2012; MISQ]

Order of construct
Positions of formative construct

Exogenous position Endogenous position Total

First-Order

Construct

ISR 9 7 16

MISQ 20 16 36

Sub-total 29 23 52

Higher-Order

Construct

ISR 9 4 13

MISQ 18 7 25

Sub-total 27 11 38

Total 56 34 90

<Table 2> Summary of Formative Construct Usage Since 2000 (Sources : ISR and MISQ)
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<Figure 1> A Partial View of the Correctly Specified Model with a Formative Construct in the 

Endogenous Position (Adapted from Jarvis et al., 2003 and Petter et al., 2007)

2. Three Reasons for Caution 

To theoretically substantiate that a formative 

construct may be avoided in the endogenous po-

sition, the conceptual model appeared in Jarvis 

et al. [2003] and Petter et al. [2007] is used. The 

model is composed of five constructs and was 

introduced as a Correctly Specified Model by the 

authors. For brevity in demonstration, a subset 

of the full model is shown in <Figure 1> which 

contains one reflective exogenous (ξ1) and one 

formative endogenous (η1) constructs. Three 

other constructs (all dependent variables of the 

two constructs) of the Correctly Specified Model 

are not shown in <Figure 1>. In the full model 

of 5 constructs, the endogenous formative con-

struct (η1) is associated with two reflectively 

designed dependent constructs and thus there is 

no difficulty in identifying coefficients of for-

mative measures.

2.1 Conceptual Ambiguity of the Formative 

Construct (η1)

The total variation of a formative construct 

is explained by the combination of variation ex-

plained by indicators included in the model and 

variation unexplained by missing indicators (i. 

e., measurement residual variance) [Bagozzi, 2007]. 

When a formative construct is placed in the 

exogenous position, the theoretical explanation 

regarding the sources of total variation remains 

valid. When it becomes an endogenous variable 

as in <Figure 1>, however, there is an addi-

tional force that affects its total variation (i.e., 

an antecedent construct). The following re-

gression equation demonstrates the three dif-

ferent sources of variation in the endogenous 

formative construct (η1) :

η1 = 1x1+2x2+3x3+4x4+1ξ1+ζ  (1)

The function indicates that the meaning (or 

value) of the formatively-defined endogenous 

construct (η1) is influenced by both its indi-

cators and the antecedent construct (ξ1). This 

violates the fundamental principle that the mea-

ning of a formative construct should be a func-

tion of its indicators [Edwards and Bagozzi, 

2000]. When the meaning is not entirely up to 

the indicators, the formative construct (η1) be-

comes conceptually ambiguous.
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2.2 Conceptual Ambiguity of the Disturbance 

Term (ζ) 

The measurement residual variance of a for-

mative construct represents the influence of in-

dicators not captured in the model. Also, the 

structural residual variance of an endogenous 

construct reflects the influence of missing an-

tecedents not included in the structural model. 

Cognizant of their distinctiveness, employing a 

formative construct in the endogenous position 

raises a theoretical question regarding the na-

ture of its disturbance term (ζ). In <Figure 1>, 

does the disturbance term (ζ) reflect measure-

ment residual variance or structural residual 

variance? If the error term represents only 

one of the two sources of variation, where do 

we find the residual variance of the other 

source? If the magnitude of the disturbance 

term (ζ) is decided by both residual sources, 

what is their respective contribution? We may 

take an interpretational position on the funda-

mental questions, but will never be able to 

prove its integrity. After all, the theoretical 

ambiguity of the disturbance term becomes 

another confounding source in determining the 

meaning of the formative construct as an en-

dogenous variable.

2.3 Bias in Measurement Weights and Path 

Coefficient

Having a formative construct in the endoge-

nous position raises the chance of bias in both 

measurement weights and structural path co-

efficients. This risk has been proved by pre-

vious researchers [e.g., James et al., 1983; Mauro, 

1990] through regression analysis. According to 

the studies, such bias takes place when a re-

search model fails to include an antecedent var-

iable that significantly affects the dependent 

variable of interest AND when the variable is 

correlated with other antecedent variable(s) al-

ready included in the model. By excluding the 

significant predictor from the research model, 

existing model predictors and the disturbance 

term co-vary and subsequently coefficients of 

the remaining predictors experience estimation 

bias. 

The findings become an indication that when 

a research model includes a formative construct 

only in the exogenous position, there is a chance 

of bias in measurement weights due to the cor-

relation between formative indicators included 

in the model and the disturbance term (reflec-

ting missing indicators). However, if the for-

mative construct is placed in the endogenous 

position, there are more sources of bias result-

ing from the failure of excluding a significant 

indicator (s). For example, if the disturbance 

term of <Figure 1> is correlated with the in-

dicators of the formative construct, it is an in-

dication of bias in the weights of formative 

indicators. Meanwhile, if the disturbance term 

is correlated with the antecedent construct (ξ1), 

this spells bias in the structural path coefficient 

(1). If the disturbance term (ζ) of <Figure 1> 

is correlated with both formative indicators and 

the antecedent construct, this implies the pres-

ence of bias in both measurement weights and 

the structural path coefficient.  
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3. Conclusion 

Through the three theoretical lenses, we de-

monstrated that using the formative construct 

in the endogenous position is theoretically, ma-

thematically, and empirically a highly risky prac-

tice. Facing such threats to research validity, 

scholars may exercise restraints in incorporat-

ing the formatively defined construct into the 

endogenous position of a research model for em-

pirical testing. Also, we would like to highlight 

that the theoretical debates of having formative 

construct in the endogenous position are without 

merits as this can mislead other researchers. 

This leads us to suggest that the debates re-

garding the integrity of formative measure-

ment be limited to its adoption in the exogenous 

position. As for the use of the formative con-

struct as an exogenous variable, heated debates 

are underway between two camps who support 

the modeling method and who are against it. In 

sum, researchers may avoid having formative 

measurement in the endogenous position of a 

structural equation model and its employment in 

the exogenous position may be approached with 

caution until methodologists reach an acceptable 

level of agreements in terms of its reliability. A 

limitation of the study may be to find an empiri-

cal evidence that supports our arguments al-

though it may be an impossible task.
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