QUESTIONS of the MOMENT...

"How are Formative Latent Variables estimated with LISREL, EQS, AMOS, etc.?"

(The APA citation for this paper is Ping, R.A. (2009). "How are Formative Latent Variables estimated with LISREL, EQS, AMOS, etc.?" [on-line paper]. http://home.att.net/~rpingjr/Form.doc)

One answer is, by combining indicators into a single indicator.

Formative Latent Variables (LV's) are comparatively rare in theory tests in the social sciences when compared to reflective LV's. Although they are not new (see Blalock 1964), formative LV's may not be well understood by substantive researchers, and until recently, software specifically designed for them has not been suitable for theory testing. 

FORMATIVE LV's

Blalock (1964) noted that unobserved or latent variables can produce changes in observed variables, or vice versa. A "reflective" LV is specified using observed variables (indicators) that are affected primarily by (diagrammatically "pointed to" by) one underlying concept or construct (i.e., an LV). Reflective LV's are ubiquitous in theory tests and SEM (e.g., LISREL, EQS, AMOS, etc.). 

"Formative" indicators produce changes in their LV. Diagrammatically, formative indicators "point to" their LV. A classic formative LV is Socio-Economic Status (SES), which has the indicators Occupational Prestige, Income and Education. That these indicators may "cause" or point to SES is suggested by it being more likely that increased Occupational Prestige will increase SES, than increased SES will increase Occupational Prestige. 

However, when SES is examined more closely the situation becomes less clear. An increase in SES plausibly could increase income. Thus, the relationship between SES and income could be bi-directional (i.e., with arrows between them in both directions) instead of just from income to SES.

In addition, the definition of a formative LV involves the notion that the indicators create (adequately define) the LV (Blalock 1964). However, SES could be judged to be inadequately defined by Occupational Prestige, Income and Education--another definition plausibly could be: Physical Attractiveness, Occupational Prestige, Income and Education. 

Authors also have noted that formative LV's have indicators that may not be highly correlated (e.g., Bollen and Lennox 1991). However, the indicators of SES are obviously correlated. Increased education is well known to increase income, and vice versa. Increased occupational prestige is obviously associated with increased income (however, increased income may not be strongly associated with occupational prestige). And, increased education may be associated with increased occupational prestige (but increased occupational prestige may not be strongly associated with education). 

Thus, SES appears to have attributes of a formative and a reflective LV. Experience suggests that LV-indicator ambiguity in reflective and formative LV's may not be uncommon, and it may be useful in estimating "troubled" LV's (e.g., LV's with low reliability or Average Variance Extracted, discriminant invalidity, low model-to-data fit, underspecification, etc.). 

Despite their comparative rarity, formative LV's may be more likely than their reported specification would suggest (see Cohen, Cohen, Teresi, Marchi and Velez 1990). For example, Ping (1997) specified Cost of Exit (COE), a second order LV (see "Second-Order Latent Variable Interactions, and Second-Order Latent Variables" on this web site), reflectively with the first order LV's Unattractive Alternative (socio-economic exchange) relationships (ALTU), relationship Investment (INV) and Switching Costs (SC). However, as with SES, if ALTU, INV or SC increases, COE also should increase. Thus, RC might have been specified as a formative LV instead of reflective LV. 

Specifically, ALTU, INV and SC might plausibly have been argued to adequately define COE. Then they could have been combined using factor scores from a Principal Components factoring (not a common-factor analysis), and specified as a single item LV in the SEM model (see below for details).
 That this specification is plausible is suggested by PLS, a software package for specifying formative LV's. PLS forms linear combinations (composites) of indicators, a form of principal component analysis (see "Why are reviewers complaining about the use of PLS in my paper?" on this web site for more).

Nevertheless, COE was not estimated formatively for several reasons, including that COE was psychometrically adequate when specified reflectively (i.e., it was judged to be reliable and valid), and it was adequately externally consistent--the full measurement model fit the data.
 However, experience suggests this is not always the case with second order LV's. They frequently are created post hoc to simplify a large model by combining related first order LV's. As a result, second order LV's can be under- or just determined, and they can exhibit inadequate reliability or validity. In addition, they can exhibit inadequate external consistency--their full measurement model (with all the LV's) can exhibit low model-to-data fit because the first order "indicator" LV's are too correlated with other model LV's (the first order "indicator" LV's should have only one underlying construct, the second order LV). Thus, a formative second order specification may be an alternative to "breaking up" a reflective second order LV into its component ("indicator") first order LV's because of low model-to-data fit.

Ping (2007) reported a measure, Organizational Commitment (OC), that had low Average Variance Extracted (AVE), and that exhibited unacceptable discriminant validity (see "What is the 'validity' of a Latent Variable Interaction (or Quadratic)?" on this web site). As a result, this measure was "quarantined" in the paper.
 However, as with SES, the measure might have been specified formatively (i.e., OC's indicators might have been argued to also cause their construct, OC, and to adequately define it), and OC might have been included in the final SEM model using a linear combination of (some) indicators (see below for details) (also see Footnote 1). 

The examples above suggest that a formative specification might be used with a second order LV, or a "troubled" measure specified reflectively (e.g., one with lower reliability or AVE, discriminant invalidity, internal/external consistency--model-to-data fit--problems, etc.). However, 1) it is plausible that some reviewers would object to using a formative specification for a measure that was likely "created" as a reflective measure. In addition, 2) experience suggests that some measures may not be able to be specified formatively. (Specifically, it may be difficult to argue that the measure's items adequately define the target LV.) 3) In other cases, some items may not cause their construct. 

Obviously, the first case would require a strong argument for "saving" the "troubled" construct by specifying it as formative--it is a focal construct, or it explained variance in an endogenous (dependent) variable(s) (i.e., its omission would contribute to structural coefficient bias caused by the missing variable problem--see James 1980). 

However, it also might be argued that this is not good science: items that were "created reflective" can not or should not be specified formatively. However, this issue may be more apparent than real. A reflective item pool should adequately itemize its construct (i.e., the item pool should contain items representing the salient observed variables associated with the construct). Experience suggests that some of these items also can be viewed as formative, and the surviving "bidirectional" items may adequately define their construct. 

Philosophically, that "reflective items" should not be specified formatively is beyond the scope of this discussion. It may be instructive to note, however, that reef fish born female change to males when there are too few males (e.g., Ross 1990)--in this case the end justifies the means. (It is also tempting to note that theory should be "above" (more important than) method. Discarding an important construct, or dropping an item that is important to a measure, in order to accommodate an estimation technique (e.g., SEM), may place method above theory).

The second case obviously is a matter of judgement and argument. SES could be argued to be inadequately itemized because Physical Attraction was not included.

In the third case, non formative indicators could be dropped before the remaining items' definition of their LV is argued to be adequate. For emphasis, however, experience suggests that in real world data, the arrows between the LV and its indicators are seldom clearly "one way," (e.g., from the indicator to the LV or vice versa), and insisting on this criterion may disqualify many reflective and formative LV specifications (e.g., SES). 

Again however, the issue of good science could be raised--should items be dropped to enable specification? The answer is suggested by the common practice of weeding a reflective measure to improve its reliability, AVE, model-to-data fit, etc.--it shouldn't be done, but the end apparently justifies the means. 

While there was no example given above, a formative specification also might be used when one or more key items must be dropped to improve reliability or AVE, or to attain model-to-data fit, etc. Again however, a) some reviewers might object to using a formative specification to "save" an item(s) that was likely created reflectively. In addition, b) experience suggests that some measures may not adequately define their LV. Finally, c) the key item to be dropped may not cause its construct. 

Obviously, the first case would require a strong argument for saving the item (e.g., it is a key item and the conceptual or operational definition would be impaired if it is dropped). Again however, it might be argued that this is not good science, and the discussion above for "troubled" measures may apply. 

As before, the second case obviously is a matter of judgement, and the troubled measures discussion above may apply. 

In the third case, however, if the indicator in question is critical to the LV but it does not cause its LV, the measure may not be able to be specified formatively. 

Nevertheless, there are drawbacks to both specifications. Reflective measures are typically weeded to the point where they contain comparatively few items (see "On the Maximum of About Six Indicators per Latent Variable..." on this web site) in order to fit the data with a reflective specification. As a result, they may be in danger of being judged bloated specific (i.e., they no longer adequately itemize the construct--see Cattell 1973). Or, a reflective measure is discarded as psychometrically unacceptable, and a potentially important construct is missing from the model, which removes an hypothesis(hypotheses), and can raise the specter of the "missing variable" problem (James 1980). 

When an LV is specified as formative, it may receive a less-than-warm reception from reviewers, for the reasons discussed above. A reflective LV subsequently specified formatively appears to no longer have any "measurement error."
 In addition, a "reflective measure" subsequently specified as formative may remain forever viewed as a formative measure.

There also are advantages with either specification. A reflective specification is typically well understood by reviewers. A formative respecification can "save" an important measure, and it may "free" the researcher to retain important items. In addition, experience suggests that many older, well established (even multidimensional), measures developed before the advent of SEM might be specified as formative (see Walker, Churchill and Ford 1977), instead of being weeded to the point of being a "shadow of their former self." Finally, many theory tests propose interesting new theory and a first test of that theory. "Saving" a measure or items to provide a first test may be reasonable because insisting that measures be "perfect" actually may restrict the flow of knowledge--new knowledge might go unpublished until a "perfect" study is attained. 

ESTIMATION

A procedure for estimating a first order (reflective) LV as a formative LV is to item judge each item in the full measure (not a weeded subset) for their formative directionality potential (e.g., will an increase in the item plausibly cause an increase in the target LV?). Next, determine if the surviving items adequately define the target construct, then create a convincing argument for this in light of the construct's conceptual definition. Next, any negatively worded surviving items should be reflected (recoded) to force all the surviving items to have positive factor loadings. Then, any surviving items that seem to be conceptually similar should be combined to reduce overweighting (e.g., consider combining similar affect items, similar intention items, similar action items, similar attribute items, etc.). 

Next, using principal components (PC) (not common-factor analysis), factor the surviving/combined items and examine the resulting PC factors. Important surviving/combined items to an adequate LV (formative) definition may be in Factor 2, etc., and these items are candidates for deletion from the final formative specification. Then, item judge the Factor 1 items for their LV definition adequacy (i.e., will dropping the Factor 2, etc. items ruin the (formative) LV definition?). Any critical Factor 2, etc. items should be included in a forced single PC factor. Then, obtain PC factor scores for the surviving/combined (perhaps forced) items (i.e., combine the surviving/combined items into a single (formative) indicator). Next, compute the reliability and validity of the formative LV using the results from the factor score step (see below). Finally, assuming adequate reliability and validity, specify the LV with this single (formative) indicator using a loading of 1 and a measurement error of zero.

A procedure for specifying a second order LV formatively is to item judge the first order "indicators" for their formative directionality (e.g., will an increase in the first order "indicator" plausibly cause an increase in the target LV?). Next, determine if the surviving first order "indicators" adequately define (cause) the target construct. Then, create an argument to support the first order "indicator" LV's being used to adequately define the second order LV. (Parenthetically, this can be challenging--in SES, it was comparatively easy to identify a missing item. But, the issue is, adequate definition--judging the LV to be adequately defined--not necessarily an exhaustive definition.) 

It probably is insufficient to argue for a formative specification simply because it is possible. A strong argument for "rescuing" the LV probably would be more persuasive--it is a focal construct, or it explained variance (i.e., its inclusion in the model reduces the missing variable problem). And, the first order LV's must be argued to adequately define the construct. 

Next, psychometrically adequate (reflective) first order LV's should be obtained (i.e., they should be reliable and valid, and each should fit its single construct measurement model, etc.). Then, use a measurement model for each first order LV to produce (confirmatory) factor scores for each first order LV (i.e., linearly combine each first order LV into its (confirmatory) single factor indicator). Then, factor the resulting (confirmatory) single factor indicators using principal components (PC) (not common-factor analysis) to obtain PC factor scores for the second order LV. (I.e., turn the first order LV's into single indicators using their measurement model factor scores, then combine these single indicators using PC factor scores into a single indicator for the second order LV.) Next, evaluate the reliability and validity of the PC factor using the PC factor score step (see below). Finally, assuming adequate reliability and validity, specify the second order LV with this single (formative) indicator using a loading of 1 and a measurement error of zero. 

Several comments may be of interest. The reliability of a respecified formative LV is (Σλ)2/((Σλ)2 + E) (see Werts, Linn and Jöreskog 1974), where (Σλ)2 is the square of the sum of the PC loadings, and E is the number of items minus (Σλ2), the sum of the communalities.

The percent of variance (POV) statistic, available in the PC factoring, is the percent item variance explained by the (PC) Factor 1 items (and any Factor 2, etc. items forced into Factor 1). Because this statistic is the sum of the squared PC loadings (communalities) in Factor 1 divided by the sum of the item variances (which, since the item variances are unity, is the number of items in Factor 1), it has the same algebraic form as AVE (see Fornell and Larker 1981). In addition, POV and AVE are practically equivalent when the two are compared using the same reflective items in SEM and (ML) (exploratory) common factor analysis (i.e., they differ by only a few points). 

Thus, POV plausibly might be used to help gauge validity in a formative respecification. In particular, a formative respecification probably should be judged for its content and construct validity, and, using POV its convergent and discriminant validity (see "What is the 'validity' of a Latent Variable Interaction (or Quadratic)?" on this web site). (POV should probably be 50% or more--this would suggest the linear combination of the items involved is 50% or more common (presumably formative LV) variance.)  

Forcing Factor 2, etc. items into Factor 1 typically reduces the POV statistic, and it can produce a formative specification with a POV below 50%. This situation is similar to the item weeding that typically occurs with reflective measures, and it suggests another negative for a formative respecification: item weeding still may be required in a formative respecification.

Parenthetically, POV might be improved by dropping cases (see "Is there any way to improve Average Variance Extracted (AVE) in a Latent Variable X?" on this web site).

As implied earlier, experience suggests that the suggested formative respecification can "improve" a measure's validity and external consistency performance.
 Specifically, it may be useful with older well-established measures developed before SEM became popular (e.g., OC). These measures typically are multidimensional, and they require extensive weeding to establish model-to-data fit in a reflective specification. The resulting (sub)measure may have low AVE and may be discriminant invalid (e.g., OC had an AVE of 0.49 in Ping 1997). Experience suggests that the suggested formative respecification usually retains many (and operationally "diverse") items in these measures, compared to a reflective specification. This may improve content validity, and convergent and discriminant validity may be improved (OC specified formatively had a POV of 69%). 

This respecification alternative to extensive weeding to establish acceptable psychometrics also may apply to new measures, even when they are multidimensional. Specifically, the ability to "force" Factor 2, etc. items into a linear combination may provide an alternative to weeding a new measure down to three or fewer items to attain acceptable  psychometrics. 

The suggested formative respecification's single indicator also may reduce external validity problems. Specifically, it might be used to respecify an LV that, although adequately reliable and valid, is not externally consistent enough to avoid model-to-data fit problems.

However, authors have noted that in artificial data, a subsequent reflective specification of indicators that were first specified formatively produces biased structural coefficient(s) for the LV involved (i.e., an upward bias for the LV's exogenous path, and a downward bias for its endogenous path) (see Jarvis, MacKenzie, and Podsakoff 2003; MacKenzie, Podsakoff and Jarvis 2005). It is difficult to generalize these results to the present situations--the formative specifications are different, and in real world data a reflective specification of a "troubled" LV, by definition, cannot be trusted enough to be compared with its formative respecification. Nevertheless, this would suggest that a "reverse" situation--a subsequent formative specification of indicators that were generated reflectively--might attenuate a path from the formative respecification, and inflate a path to the formative respecification). Thus, because the present suggested formative respecification has not been formally investigated for this possible bias and inconsistency, a conservative significance criterion probably should be used with it (e.g., |t-values| probably should be greater than 2.20 to suggest significance). 

If one or more of the first order "indicator" LV's is "troubled," it could use PC factor scores instead of measurement model factor scores (with an argument for its being specified formative, etc. as discussed above). 

As previously noted, other useful formative specification approaches have been suggested. However, the present suggested approach is comparatively simple and straightforward, and it provides plausible reliability and validity statistics. 

In the interests of full disclosure, both sets of structural model results (i.e., reflective and formative) probably should be reported and discussed.

SUMMARY

I have tried to make the distinction, perhaps unsuccessfully, between an LV and its specification. Nevertheless, given the rarity of formative variables in the Social Sciences and the respecification effort/difficulties discussed above (plus, anecdotally, some reviewers' resistance to formative LV's (see "Why are reviewers complaining about the use of PLS in my paper?" on this web site)), most LV's probably should be estimated as reflective. 

However, if poor measure psychometrics occur in a second order LV, or a key first order LV (e.g., because of low reliability or AVE, discriminant invalidity, low external consistency, etc.), or key items must be dropped to attain adequate (reflective) psychometrics, a formative specification might be considered as an alternative to "breaking up" a second order LV into its component ("indicator") first order LV's, or dropping a key LV (and possibly hypotheses) from the model, or omitting key items and impairing face or content validity.
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� Other spec approaches are possible (see for example Jarvis, MacKenzie, and Podsakoff 2003).





� The matter of whether COE actually may "be" formative, not reflective, was not addressed.


� Because OC is a "well established" construct, a model containing OC was reported. However, because OC was more than 50% error variance and it was not discriminant valid, the OC model received limited discussion.


� However, "measurement errors" are present or implied in both specifications. The reflective estimation of an LV produces explicit item measurement errors. These measurement errors are the "measurement-of-the LV" errors for each indicator (the variance in each item that is not "from" its LV). 


The suggested formative specification of the same LV produces no explicit item measurement errors. However, formative indicators' "measurement errors" are "accounted for" implicitly by their "loadings" (weights) in principle components. The weights represent the variance in each item that is contributed to its LV. Thus, its "formation-of-the-LV" errors--the variance in each item not contributed to its LV--is still present. 


� This appears to beg the question, how can respecification make an invalid measure valid? While the answer may lie with itemization differences between the two specifications, in the (rare) case where the specifications have the same items, the items may do a better job of defining an LV than they do reflecting that LV.





� If low AVE is the problem, it might be improved in a reflective specification (see "Is there any way to improve Average Variance Extracted (AVE) in a Latent Variable (LV) X?" on this web site).





