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Exogenous variable sem

Alpen-Adria-Universität Klagenfurt Middle East Technical University Alpen-Adria-Universität Klagenfurt Structural Equation Modeling (SEM) What is a latent variable? What is an observed (manifest) variable? How does SEM handle mething errors? Why does SEM have an advantage over regression and road analysis when it comes to various indicators? What are the two
submodels in a structural comparison model? What are their features? How are observed correlations linked to the parameters of a structural comparison model (via the diagram, that is)? Why can't we in divert cause and consequence of structural comparison models where there is no manipulation of variables? What is the danger of model viodling? Road analysis is a special case
of SEM. Road analysis contains only observed variables, and has a more restrictive set of assumptions than SEM. Most models you'll see in the literature are SEM rather than road analyses. The main difference between the two types of models is that road analysis assumes that all variables are measured without errors. SEM uses latent variables to account for mething error. Latent
variables A latent variable is a hypothetical construction that is invoked to explain observed covering in behavior. Examples in psychology include intelligence (a.k.a. cognitive ability), Type A personality and depression. In psychometric literature, latent variables are also called factors, and it has a rich history of statistical developments in the literature on factor analysis. The basic
idea is that a latent variable or factor is an underlying cause of various observed behaviors. For example, suppose we have a test of vocabulary. The variance in response to each item in the test reflects individual differences in verbal ability over test takers, plus an error. In factor analysis, we will represent such a test as Where V stands for the latent variable vocabulary, X1 to X4
stands for the items in the test, and e1 to e4 stands for methence errors (unreliability) in each item. [Technical digression - the flaws in factor analysis are actually mething error plus stray causes, but the implications are the same for our purposes.] Points to note: We accept a single latent variable (factor) that corresponds to vocabulary. The factor is assumed to cause the observed
correlation among the 4 items. The correlation among the items would be 1.0 except for the errors. [Remember the beginning of the course when we talked about what happens to correlations when we add random error to the observations.] It seems that the expected correlation between two variables sharing a single factor equals the product of the two pathways of that factor
(analogous to a relentless effect in road analysis). For example, suppose the path from V to X1 is .8 and the path from V to X2 is .9. Then the expected correlation is between X1 and X2 (.72 = .8*.9). Remember that the correlation between X1 and X2 would be 1.0 if there were no using error. Therefore, metering error is responsible for the difference between the correlation of .72
and 1.0. That is, the correlation is reduced to zero by the inclusion of less than perfectly reliable measures. Observed variables typically have some meting error associated with them, and so their correlations with other variables are weakened (too close to zero) due to the presence of this meting error. Latent variables, on the other hand, are not measured directly and do not have
measurement error associated with them. It's kind of a big deal because if we can estimate the association of latent variables, we can estimate the relationships between variables without methance error. [Technical digression. There are ways to account for unreliability of measures for both correlation and regression coefficients, and to do so without estimation roads after accepting
latent variables. That is, we can estimate the consequences of unreliability directly with our observed variables. Both positions (with and without latent variables) have merit.] The other advantage of latent variables is that multiple indicators of the same construct are naturally handled with a structural comparison model. In a regression model, several indicators cause collector's
stability problems and small increments in variance accounted for. LISREL Notation Most people follow the notation that the computer program LISREL (LInear StructURAL RELations) used to talk about structural comparison models. We can use the following diagram to illustrate the main points: The latent variables or factors are indicated by circles. The observed variables are
indicated by squares. The observing exogenous variables are marked as X. The latent exogenous variables are labeled ksi (x). The observed endogenous variables are labeled Y; the latent endogenous variables are labeled eta (h). The paths of the latent to the observed variables are labelled as lamda (l). The paths of the exogenous to the endogenous variables are labeled
gamma (G). The pathways of the endogenous variables to other endogenous variables are labeled beta (b). The correlations among the exogenous variables are labelled phi (f). Finally, there are three types of errors. One kind of mistake is a stray cause of the latent endogenous variables, called psi (z). There are also errors of the observed variables. For the observed exogenous
variables, these errors are called delta (d) and for the perceived variables, these bugs are called epsilon(s). Each of these is marked in the figure. (Not all labels for paths of the latent to the observed variables are included in the figure.) Just as in road analysis, the diagram for the SEM shows the accepted comfortable relationships. If the parameters of the model akovard matrix or a
correlation matrix can be used to estimate the parameters of the model, one parameter corresponding to each arrow in the diagram. A Numerical Example I'm Going to Make Up Numbers for (road) coefficients for the model. Then I'll present them in matrices that match their LISREL notation. Finally, I'll combine them according to the set of comparisons implied by the model to
generate a correlation matrix. The paddiagram looks like this: There are two parts to a structural equation model, the structural model and the meting model. For the structural model, the equations look like this in matrix form: This is a comparison for predicting the values of endogenous variables (DVDs). It says that the DVDs are a function of the endogenous effects on themselves
(the beta-eta part) plus the effects of the exogenous variables on the endogenous variables (gamma times ksi) plus the stray causes. In our example, we have: h 1 0 0 0 0 h 1 g 11 g 12 x 1 z 1 h 2 0 0 0 h 2 0 g 22 x 2 z 2 h 3 = b 2 2 31 b 32 0 0 h 3 0 0 z 3 h 4 0 0 b 43 0 h 4 0 0 z 4 h = b h + G x + z If we replace the numbers of the diagram , it looks like this: h 1 0 0 0 0 h 1 .69 .03 x 1 z 1
h 2 0 0 0 0 h 2 0 .63 x 2 z 2 h 3 = .83 -.27 0 h 3 0 0 z 3 h 4 0 0 .59 0 h 4 0 z 4 h = b h + G x + z Notice that beta (b) and gamma (G) sets of parameters (road coefficients) are. The other entries - eta (h), ksi (x) and psi (z)-- are latent variables. This is the structural part of the model. This indicates how the latent variables are related. The other part of the model is the meting model. The
using model indicates how the latent variables associated with the observed variables. In our example there are two parts, one for the exogenous variables and one for the endogenous variables: X1 l 11 l 12 x 1 d 1 X2 = l 21 l 22 x 2 d 2 X3 l 31 l 32 + d 3 X4 l 41 l 42 d 4 X5 l 51 l 52 d 5 X = : X1 .9 0 x 1 d 1 X2 = .9 0 x 2 d 2 X3 .9 0+ d 3 X4 0 .9 d 4 X5 0 .9 d 5 X = L X x+ d Notification
that we have the road coefficients (L X) leading from the latent exogenous variables to the observation These are the parameters of the model. The other items are variables. For the endogeneous variables, we have: Y1 l 11 l 12 l 13 l 14 h 1 e 1 Y2 = l 21 l 22 l 23 l 24 h 2 e 1 Y3 l 31 l 32 l 33 l 34 h 3 + e 1 Y4 l 41 l 42 l 43 l 44 h 4 e 1 Y5 l 51 l 52 l 53 l 54 e 1 Y6 l 61 l 62 l 63 l 64 e 1 Y7 l
71 l 72 l 73 l 74 e 1 Y8 l 81 l 82 l 83 l 84 e 1 Y = L Y h + e Our parameters were: Y1 .9 0 0 0 h 1 e 1 Y2 = .1 0 0 0 h 2 e 1 Y3 0 .9 0 h 3+ e 1 Y4 0 .9 0 0 h 4 e 1 Y5 0 0 .9 0 e 1 Y6 0 0 .9 0 0 e 1 Y7 0 0 0 .9 e 1 Y8 0 0 0 .9 e 1 Y = L Y h + e Here we look again at the pathways that the latent endogenous variables relate to those endogenous variables. To link the parameters of the model to
the observed correlation matrix, first note that the correlation matrix can be divided into 4 pieces: X with X (5 by 5 in our example) X with Y (5 by 8 in our example) Y with X (8 by 5 in our example; this is the transpose of the upper right part.) Y with Y (8 through 8 in our example). To observe the in each of the four part of the correlation correlation we need a different expression (well,
the top right and bottom left are really the same). In one section we only have X variables, in one we only have Y variables, and in the other two, we need an expression for both X and Y. It seems that the expressions for the correlations are: X having X with Y Y with X Y with Y These comparisons can seem a little ugly (the kind of comparison that only a mother can love) , but
remember that all we have here is a few matrices to add, pull down, multiply or vice ver reverse. All of these except the error terms (theta &amp;psi) are roads. Let's look at some examples. First, let's look at the correlations of the 5 observed X variables. X with X .9 0 .19 .9 0 1 .5 .9 .9 .0 .19 .9 0 .5 1 0 0 .9 .9 .19 0 .9 .19 0 .9 .19 L X f L 'X+q d Note: the column for theta (q d) is
actually a diagonal matrix, which looks like this: .19 0 0 0 0 0 .19 0 0 0 0 .19 0 0 0 0 0 0 0 .19 0 0 0 0 .19 With a matrix of this order, we can add it to the product of the previous three matrices. It won't fit on the same page in the table in its diagonal form, so I showed it as a column. The result of multiplication and addition of the above-mentioned matrices is the correlation matrix of the
observed X variables: X X1 X2 X3 X4 X5 X1 1 X2 .81 1 X3 .81 .81 1 X4 .. 405 .405 .405 1 X5 .405 .405 .405 .81 1 The correlations among the observed variables belonging to the same latent variable, is all .81, because the pathways of the latent variables to the observed variables are all .9 , and we multiply the pathways to get the expected correlation (.9*.9 = .81). The expected
correlations among the observed variables with different latent variables are each equal to the path of the observed variable to the latent variable times the correlation of latent variables returns the path of the latent variable to the other observed variable, that is .9 *.5 *.9 = .81 *.5 = .405. Watch the paddiagram to see how it works in the model. One of the combinations of X and Y is
Y with X The first part of the equation: .9 0 0 0 -1 .9 0 0 0 0 .9 0 0 0 1 0 0 0 0 0 0 .9 0 0 0 0 0 0 1 0 0 - 0 0 0 0 0 .9 0 0 1 0 .83 -.27 0 0 0 0 .9 0 0 0 0 0 1 0 0 .59 0 0 0 0 .9 0 0 0 .9 L Y (I - b ) -1 8 x 4 4 x 4 Res: 8 x 4 The second part of the equation .69 .03 1 .5 .9 . .9 0 0 0 .63 .5 1 0 0 0 .9 .9 0 0 0 G f L 'X 4 x 2 2 x 2 x 2 x 5 Res : 4 x 5 Total result : 8 x 5 (Y by X) If we perform the matrix
operations, we get: X1 X2 X3 X4 X5 Y1 .57 .57 .57 .30 .30 Y2 .57 .57 .57 .30 .3 Y3 .26 .26 .26 .51 .51 .51 Y4 .26 .26 .51 .51 .51 .51 .51 .26 .26 .26 .51 .51 .51 .26 .26 .51 .51 .26 .26 .26 . .51 .26 .26 .51 .51 .51 .26 .26 .51 .51 .26 .26 . 51 .51 .26 .26 .51 .51 .26 .26 .51 .51 .26 .26 .51 .51 .26 .26 .51 .51 .51 .26 .26 .51 .51 .26 .26 .. 41 .41 .41 .11 .11 Y6 .41 .41 .41 .11 .11 Y7 .24 .24
.24 .07 .07 .07 Y8 .24 .24 .24 .07 Remember that there are three observed X variables (X1 the first latent X, and the other two X variables refer to the second latent X. The Y variables come in pairs, one pair for each latent Y. To find the correlation between each X and each Y, we track from one to the other, multiply coefficients on a detection and addition over detections. (See the
paddiagram.) For example, suppose suppose want to know the correlation between X1 and Y1. There are two ways to get there - one direct path and one by the correlated cause. For the direct path we have .9*.69*.9 = .5589. For the indirect path, we have .9*.50*.03*.9 = .01215. When we add it together, we have .57105. Within rounding error, it's .57, which is shown in the table.
The point of this exercise is to show you that SEM, just like road analysis, has a paddiagram that implies a set of comparisons. The comparisons imply a set of correlations that can be tested against data you collect. On the other hand, you can collect data (correlations) that will allow you to estimate the parameters contained in the equations. Causal modeling revisited Can you draw
causal conclusions from an ordinary regression comparison if the data was not collected from a design where the independent variable was manipulated? (No, no, no, no.) Path analysis is just a series of regresses that are applied sequentially to data. Can you draw causal conclusions from road analysis where no variables have been manipulated? [It's just regression...] SEM is
basically just road analysis with latent variables. Can you draw causal distractions without manipulation in SEM? By the way, strictly speaking, manipulation does not allow one to draw causal distractions. It just helps to rule out many alternative explanations. In SEM, we can match the data with parameters, but we rarely should never rule out alternative explanations. SEM: the good,
the bad and the ugly If you work in an area in which non-exceeding designs are common (industrial/organizational psychology and clinical psychology to name two), you should study SEM because it is widely used and is required by reviewers for data analysis. Never mind that the reviewers are almost clueless about how to do it properly or even what it means. You still have to do it.
All I could do is introduce you to SEM concepts at an elementary level. You have to take a course in it. The great advantage of SEM. SEM allows for tests of theoretical statements in non-outward data. You can test whether the factor structure of job satisfaction or the relationships among personality traits is the same in the U.S. versus Japan with this. You can test whether a mutual
path is responsible for a specific relationship in your data better than a one-way causal flow. You can test quantitative predictions (e.g., the theory says that the path is .80) against data. These are powerful things. What most people don't recognize. The power of the technique is rarely realised. It is very strong when you have parameters in mind and you want to test them against the
data. People generally have no parameters in mind; rather, they treasure them. To identify the problem (that is, to solve the identification problem so that all parameters have unique values), researchers assume that some zero in the population. The test of the model becomes a test of those parameters are zero in the population. This is generally not true (they're not zero in the
population) and generally not very interesting (we're really interested in the parameters we've estimated but haven't tested). That's not why these things were developed, but that's how everyone uses them. As far as I can tell, the situation is unlikely to change that. Model Fiddling. People develop a model, collect data, estimate the parameters, look at the fitting metrics to see how
well their data fits the model, and discover that the data fits the model rather poorly. It's roughly analogy to spending a year doing an experiment and having non-insignificant results. When that happens, it's definitely not good. What are you doing? Well, people start viodling with the model to make it fit. It usually takes a minimum of 1 month, and the resulting good fitting model is
generally not something you would have specified in advance. For this reason, I try to avoid doing SEM when I can. In my opinion, we generally do not have enough information to use the technique properly, that is, to conduct specific tests of meaningful hypotheses. However, my views on SEM are less enthusiastic than those of most researchers, who feel that its benefits outweigh
its problems. Problems.
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