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 Philip Hyland
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Outline
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 Methods of EFA
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 Interpreting Output of EFA in Mplus
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Factor Analysis
 Psychologists use factor analysis for two main purposes:
 1. Development of psychometric measures (Exploratory Factor Analysis - EFA)
 2. Validation of psychometric measures (Confirmatory Factor Analysis – CFA).
 This lecture will explain EFA in a straightforward, non-technical manner, and provide detailed instructions on how to carry out an EFA using the Mplus software.
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Factor Analysis
 A Psychologist may well be interested in a particular phenomenon - Criminal Social Identity (CSI).
 If we are interested in measuring this construct, we might well develop a series of questions that reflect the behavioural and cognitive features of CSI.
 These questions will likely have been developed based upon our theoretical knowledge of the construct.
 But if we select a large group of items to tap into CSI, we may well be left with an unwieldy amount of data.
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Factor Anlaysis
 Factor analysis can be used to find meaningful patterns within a large amount of data.
 It’s possible that we will find that a certain group of questions seem to cluster together, while another group of questions also cluster together, and yet another set also cluster together.
 We might then infer that the first set of questions is tapping into one particular aspect of CSI (Centrality), while the other set of questions in tapping into a distinct aspect of CSI (affect).
 This process simplifies our data and allows for the development of a more parsimonious presentation of our data.
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3 Stages
 The process of conducting an EFA involves three stages:
 1. Extraction
 2. Rotation
 3. Interpretation.
 We will consider each one of these separately.
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Extraction
 Extraction simply refers to the process of determining how many factors best explains the observed covariation matrix within the data set.
 Because we are scientists, we are concerned with issues of parsimony:
 We want the fewest number of factors that explains the largest amount of variation (among the observed variables).
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Extraction
 Mplus will extract as many factors as there are items in the data (in this case 8).
 By what method then can we determine the appropriate number of factors to Extract?
 Eigenvalues
 Scree plot
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Eigenvalue
 Remember, higher factor loadings suggest that more of the variance in that observed variable is attributable to the latent variable.
 An eigenvalue is simply the sum of the squared factor loadings for a given factor.
 So, because we have 8 indicators, we would check each indicator’s factor loading for a given factor, square this value, and then add them all up.
 This gives us our eigenvalue for that factor.
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Eigenvalue
 The eigenvalue for each factor tells us something about how much variance in the observed indicators is being explained by that latent factor.
 Because we are interested in explaining as much variance in observed indicators as possible, with the fewest latent factors, we can decide to retain only those latent factors with sufficiently high eigenvalues.
 The common practice is to retain factors that have eigenvalues above 1
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Eigenvalue
 Is this an arbitrary figure? Why yes it is!
 Important therefore not to hold rigidly to this criterion.
 What if we were to find one factor with an eigenvalue of 1.005 and another with an eigenvalue of 0.999998?
 A rigid adherence to the “only eigenvalues above 1” rule may lead to some nonsensical decision.
 As always, your decisions should be theoretically determined, not statistically determined!
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Scree Plot
 An alternative method of determining the appropriate number of factors to retain is to consider the relative size of the eigenvalues rather than the absolute size.
 One way of doing this is by inspecting a scree plot.
 Welcome to the realms of fuzzy science!
 Determining the appropriate number of factors to retain by inspecting a scree plot is subjective and open to different interpretations.
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Scree Plot
 If you can remember your geography classes, the scree is the small rocks that accumulate at the base of mountain slope.
 When we inspect a scree plot we fit a line through the all the “scree factors” and a line through the “mountain-side factors”.
 This creates an elbow. We ignore the scree factors - meaningless as each
 factor explains far too little variance in the observed indicators to be of any explanatory value
 Focus only on the factors above the elbow point - factors which explain a sufficient degree of variance in the observed indicators.
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Scree Plot
 If you only extract one factor than your data set is best explained by a unidimensional solution and you don’t need to worry about rotation.
 If you extract two or more factors, you must decide whether or not your factors are correlated.
 This requires a good deal of psychological knowledge.
 You will need to figure out, based on theory, whether your factors should be related or unrelated to each other.
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Rotation
 Rotation then is a method that allows for the creation of a simple structure.
 Note that all the items in this example load onto all three factors – cross factor loadings.
 Rotation simply maximises the factor loadings for the items that best measure their respective factor.
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Rotation
 If you decide that your factors should be correlated then you select an oblique solution (e.g. direct oblimin) – Mplus will produce factor correlation values.
 If you decide that your factors should not be correlated then you select an orthogonal solution (e.g. varimax).
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Interpretation
 The final stage of the EFA process is Interpretation. This involves making sense of everything Mplus has provided you with.
 The place to start is by determining which of our specified models is the best representation of our observed covariation matrix.
 A model that includes 1 factor, 2 factors, or 3 factors?
 There are a multitude of model fit statistics produced in Mplus
 Will we cover what each means and how to interpret them when we work through our example!
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Interpretation
 Once we have decided on the best factorial solution, we need to decide what these factors reflect.
 Mplus will not tell you what each of these factors are. More psychological knowledge required!
 We need to look at the factor loadings to determine the most appropriate interpretation of this factorial solution.
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Factor Loadings
 Mplus will provide you with factor loadings for each item on each factor.
 You inspect this factor loading matrix and determine which items load more strongly on what factor.
 If an item loads more strongly onto factor 1 than factor 2 or factor 3, then that item can be said to be measuring factor 1.
 Once you have determined which items are measuring which factors, you have to figure out what each factor represents.
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Meaning
 This is best achieved by investigating each of the items and using your theoretical knowledge to ascertain what all of these items relate to.
 You are looking for the commonality among all items for Factor 1.
 The commonality among all items for Factor 2 The commonality among all items for Factor 3
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Meaning
 It is worth noting that it can often be very difficult to easily interpret your solution.
 Items can share similar factor loadings onto multiple factors.
 It may be difficult to precisely determine the common feature among all items.
 Finally, if you have selected an oblique solution (correlated factors) you inspect the factor correlations to identify how strongly related are your factors.
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Limitations
 EFA can provide an infinite number of possible solutions.
 The method of determining the appropriate number of factors to retain is very subjective.
 EFA is also a highly data-driven rather than a
 theory-driven method of investigation.
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Conclusion
 Carrying out EFA involves three stages:
 1. Extraction – determination of the appropriate number of factors. Concerned with parsimonious solutions. The number of factors to be retained can be based on eigenvalues and/or the inspection of a scree-plot.
 2. Rotation - Specifying the nature of relationship between the factors. Factors can be deemed to be correlated (oblique) or uncorrelated (orthogonal).
 3. Interpretation - Naming the factors. Using your psychological knowledge to provide a meaningful understanding of the common feature among the relevant items.
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EXPLORATORY FACTOR ANALYSIS IN MPLUS
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STEP 1
 Moving data from SPSS to Mplus Good idea to create a separate data set with only the
 variables you are concerned with for a given study. Mplus cannot read in character data, so any character
 variables in your dataset must be either converted to numeric or omitted.
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Moving data from SPSS to Mplus
 Mplus needs to know whether or not your data contains missing values and if so, what values are used for (-9).
 Mplus can easily read Tab delimited data, so we can save our dataset as a .dat file. This can be done by choosing File, Save as.
 We will save the variable names quickly from SPSS by copying them from the Variable View window and pasting them into a new text editor or directly into an Mplus input file.
 Ready to open a new Mplus window and start writing syntax (don’t panic!).
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Mplus Syntax for EFA
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Mplus Syntax for EFA
 First we have to provide a TITLE for our analysis (Criminal Social Identity)
 To read our DATA we indicate the location of the .dat file we saved
 Under the VARIABLE heading after ‘names are’ you paste in your variable names from your SPSS data set.
 In the next line, we indicate which values should be considered missing in each variable. In our example missing are all (-9).
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Mplus Syntax for EFA
 In USEVAR enter those variables which are to be used for the current analysis (e.g., CI1C CI2C CI3C CI4IA CI5IA CI6IT CI7IT CI8IT).
 The CATEGORICAL option is used to specify which variables are treated as binary or ordered categorical (ordinal) variables in the model and its estimation.
 Not applicable in this case so we place an ! In front – this eliminates this option
 Under the ANALYSIS heading we must indicate what ESTIMATOR we will be using and the TYPE of analysis to be conducted.
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Mplus Syntax for EFA
 Because our observed variables are measured on 5-point Likert scale we will use Maximum Likelihood (ML) estimation. If your observed variables are categorical use Estimator =
 WLSMV
 Type = EFA 1 3 -This indicates that Mplus will run exploratory factor analysis including results for models with 1, 2 and 3 latent factors
 Allows us to assess the most appropriate model.
 Under the OUTPUT we write MODINDICES.
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Things to Check
 All commands must end with a semicolon - omitting the semicolon will lead to error messages.
 Commands can take up more than one line as the semicolon marks the command end.
 Finally, Mplus is not case sensitive; capital and lowercase letters can be used interchangeably.
 Once you have created syntax for exploratory factor analysis press to run exploratory factor analysis.
 Save as an input file under a particular name e.g., CSI.inp in the same folder as the .dat file.
 This produces a text output (.out) file stored in the working directory with the results. For this model the output file looks like the following:
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Output for EFA
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Output for EFA
 Summary of analysis includes a variety of important information;
 Number of groups (1), Number of observations (participants included in the
 analysis, N=294) Number of items included in the exploratory model
 (number of dependent variables = 8).
 Furthermore, Mplus gives more info which you do not need to report except what Estimator was used (in this example it was ML=maximum likelihood) and method of rotation applied (oblique - allowing the factors to correlate).
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Output for EFA
 Scroll down to RESULTS FOR EXPLORATORY FACTOR ANALYSIS.
 The Eigenvalues for sample correlation matrix part of the above output suggests that the first three factors are meaningful - Eigenvalues > 1 and relatively higher than all other factors.
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Output for EFA
 Next we can inspect our scree plot.
 Click on graphs on the main tab.
 Click on view graphs
 Eigenvalues for exploratory factor analysis will be highlighted
 Click ‘View’
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Output for EFA
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Output for EFA
 The next step is to investigate the best factorial solution – 1, 2, or 3?
 We have to assess the fit between the data and pre-established theoretical models – Mplus provides a range of goodness of fit statistics.
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Chi-Square (2)
 The 2 statistic is the most frequently cited index of absolute fit.
 The probability of the 2 should be greater than the chosen alpha level (0.05).
 Compares the observed covariance matrix with our theoretically proposed covariance matrix.
 A non-significant result indicates no statistically significant difference between the actual covariance matrix and our proposed model to explain this covariance matrix.
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Chi-Square (2)
 The 2 statistic should be interpreted cautiously! Most criticisms of the 2 test are concerned with the effects
 of sample size. The power of a test is positively related to sample size Poor models produce non-significant results with low
 sample sizes while good models can produce statistically significant results when sample sizes are high.
 Klein (1994) recommends evaluating the 2 result in relation to the degrees of freedom (df).
 2:df values of less than 3:1 suggest good model fit. Despite the limitations of the 2 test researchers are
 advised to always cite the value in their reports (Hoyle & Panter, 1995).
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CFI & TLI
 Comparative Fit Index (CFI; Bentler, 1990) and Tucker Lewis Index (TLI; Tucker and Lewis, 1973) are incremental fit indices.
 CFI and TLI indicate how much better a model fits the data compared to a baseline model where all variables are uncorrelated.
 Values can range from 0-1 For these indices values above .90 indicate reasonable fit Values above .95 indicated good model fit (Bentler, 1990;
 Hu & Bentler, 1999).
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RMSEA
 The Root Mean Square Error of Approximation (RMSEA) is a measure of “discrepancy per degree of freedom” in a model (Browne & Cudeck, 1993).
 This fit index recognises that models can only ever be approximately correct.
 A flexible index based on chi-square yet takes parsimony into account
 The addition of a parameter which reduces the chi-square by a substantial degree will cause a decrease in the RMSEA.
 Produces calculation of confidence intervals and significance tests.
 Values < 0.05 suggest good model fit. Values < 0.08 suggest reasonable model fit.
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SRMR
 The standardized root mean-square residual (SRMR: Joreskog & Sorborn, 1981) is an absolute measure of fit
 Is defined as the standardized difference between the observed correlation and the predicted correlation.
 This measure tends to be smaller as sample size increases and as the number of parameters in the model increases – no penalties for model complexity.
 Values < 0.05 indicate good model fit Values < 0.08 indicate reasonable model fit
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AIC
 The Akaike Information Criterion (AIC; Akaike, 1974) is a comparative measure of model fit
 Only meaningful when multiple models are estimated.   Lower values indicate a better fit and so the model with the
 lowest AIC is the best fitting model. The AIC also contains explicit penalties for model
 complexity.
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Conclusion
 Good model fit is indicated by: A non-significant 2, or a 2:df ratio of less than 3:1 (Kline,
 2005) CFI and TLI values above .95 (Hu &Bentler, 1999;
 Vandenberg & Lance, 2000). However, for CFI and TLI, values above .90 indicate
 adequate fit (Bentler, 1990; Hu & Bentler, 1999). RMSEA and SRMR values less than .05 suggest good fit and
 values up to .08 indicate reasonable errors of approximation in the population (Browne & Cudeck, 1989).
 AIC is used to compare alternative models, with the smallest value indicating the best fitting model.
 The CFI, RMSEA and the AIC all have explicit penalties for model complexity.
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Interpretation
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Interpretation
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Interpretation
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Interpretation
 Which is the best fitting model? Why?
 The three factor model is the best fit
 Now we are interested in looking at the factor loadings for each item.
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Interpretation
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Interpretation
 Items 1, 2, and 3 clearly show very high factor loadings on Factor 1
 4 and 5 on Factor 2 6, 7, and 8 on Factor 3
 We now have to determine what these factors are.
 Inspect the items and find what is common.
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Interpretation
 The GEOMIN FACTOR CORRELATION shows that factors 1, 2 and 3 are all statistically correlated.
 Correlations are positive, and weak-to-moderate.
 If you score high on factor 1, there’s a chance (small) that you’ll score high on factor 2 and 3.
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Interpretation
 Also have the Standard Errors of the rotated factor loadings.
 And standard errors for correlations between factors.
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Table
 Table 1
 Fit Indices for Exploratory Factor Models of the Measure of Criminal Social Identity
 Measure χ2 df CFI TLI RMSEA SRMR AIC
 MCSI
 1 Factor
 1078.735*
 20
 .52
 .33
 .42
 .33
 6361.824
 2 Factors 363.697* 13 .84 .66 .30 .10 5660.786
 3 Factors 5.356 7 1.00 1.00 .00 .00 5314.445
 Note. χ2 = chi square goodness of fit statistic; df = degrees of freedom; RMSEA = Root-Mean-Square Error of Approximation; AIC = Akaike Information Criterion; CFI = Comparative Fit Index; TLI = Tucker Lewis Index; SRMR = Standardized Square Root Mean Residual. * Indicates χ2 are statistically significant (p < .001).
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