Example 4: CFA of Forgiveness of Situations (𝑵 = 1103) using MplusAutomation in R
Created by Geraldo “Bladimir” Padilla

This example comes from the Heartland Forgiveness Scale (Yamhure Thompson et al., 2005). Here we focus on the Forgiveness of Situations Subscale includes six items, three of which are reverse-coded, each on a 7-point scale:
1. When things go wrong for reasons that can’t be controlled, I get stuck in negative thoughts about it. (R)
1. With time I can be understanding of bad circumstances in my life.
1. If I am disappointed by uncontrollable circumstances in my life, I continue to think negatively about them. (R)
1. I eventually make peace with bad situations in my life.
1. It’s really hard for me to accept negative situations that aren’t anybody’s fault. (R)
1. Eventually I let go of negative thoughts about bad circumstances that are beyond anyone’s control.

Response Anchors:
1 = Almost Always False of Me,
2=?,
3 = More Often False of Me,
4 = ?,
5 = More Often True of Me,
6 = ?,
7 = Almost Always True of Me

Specifically, this document shows how to estimate some models of Example 4 using the MplusAutomation package, which allows to perform analysis in the Mplus software from the R console.


[bookmark: Xbcfa7f74431afb50b7058ea3113c9f0c383736c]Syntax for Model 1: Single Factor Using Fully Z-Scored Factor Scaling (Factor Variance = 1, Factor Mean = 0, So All Item Loadings and Intercepts Estimated)
# if (!require("MplusAutomation")) install.packages("MplusAutomation")
library(MplusAutomation) # To conduct analysis in Mplus from R console.

# if (!require("readxl")) install.packages("readxl")
library(readxl) # To import xls or xlsx data as table
# setwd('C:/Users/.../Example4_MplusAutomation') This is the folder where you saved the data and this document
Example4 <- data.frame(read_excel("Example4_Data.xlsx")) # we load the data directly as a data frame
Example4_Sit <- Example4[, c('PersonID', 'Sit1r', 'Sit2', 'Sit3r', 'Sit4', 'Sit5r', 'Sit6')] # new data frame with the variables of interest

# After loading the data, we should check the variables and inspect if everything is OK. Here are some commands you can use:

# summary(Example4_Sit)
# head(Example4_Sit)

# Now, we can define our model as we would do in Mplus, but using the mplusObject() function.
Mod1 <- mplusObject(
  TITLE = '
  CFA of Situation Factor',
  VARIABLE = '
  USEVARIABLES = PersonID Sit1r Sit2 Sit3r Sit4 Sit5r Sit6;
  MISSING = ALL (99999);
  IDVARIABLE = PersonID;',
  ANALYSIS = '
  TYPE = GENERAL;
  ESTIMATOR = MLR;',
  OUTPUT = '
  MODINDICES (6.635);
  STDYX;
  RESIDUAL;',
  MODEL = '
  Sit BY Sit1r* Sit2* Sit3r* Sit4* Sit5r* Sit6*;
  [Sit1r* Sit2* Sit3r* Sit4* Sit5r* Sit6*];
  Sit1r* Sit2* Sit3r* Sit4* Sit5r* Sit6*;
  Sit@1; [Sit@0];',
  rdata = Example4_Sit)

Res_Mod1 <- mplusModeler(Mod1,
                    modelout = 'Results_Model1.inp',
                    run = 1L)
## Warning in is.na(columnNames) || is.null(columnNames): 'length(x) = 7 > 1' in
## coercion to 'logical(1)'
# read.delim("results_model1.out")

The results of the model will be saved in the work folder. I recommend reviewing the results by clicking on the file, then it will open in a new window.

# Sometimes we want to report specific parts of the model, such as global fit indicators. For this, we can select the information we need in our object with the results and use functions to transform that data and then create tables or graphs. In this example, I am creating a table.

fit_summ <- function(mod_results){
  fit_stats <- data.frame(mod_results$results$summaries)
  fit_stats <- fit_stats[, c('Observations', 'ChiSqM_Value', 'ChiSqM_DF', 'ChiSqM_PValue', 'RMSEA_Estimate', 'RMSEA_90CI_LB', 'RMSEA_90CI_UB', 'RMSEA_pLT05','CFI', 'TLI', 'SRMR')]
  colnames(fit_stats) <- c('N', 'Chi–Square Test_Value', 'Chi–Square Test_DF', 'Chi–Square Test_p–value','RMSEA_Estimate', 'RMSEA_LCI', 'RMSEA_UCI', 'RMSEA_p–value', 'CFI', 'TLI', 'SRMR')
  fit_stats <- round(fit_stats, digits = 3)
  fit_stats
}

fit_summary <- fit_summ(Res_Mod1)

# if (!require("flextable")) install.packages("flextable")
library(flextable) # To display results in tables

flex_tab <- function(df_tab){
  myft <- flextable(df_tab)
  myft <- theme_vanilla(myft)
  myft <- separate_header(myft)
  fit_to_width(myft, max_width = 8)
}

flex_tab(fit_summary)

An important advantage of the MplusAutomation package is that it saves all model results in an object that can be manipulated and used in the R environment for further analysis. For example, we can look at the model summary or modification indices:

Res_Mod1$results$summaries
Mplus.version                                     8.10                  
Title                                                     CFA of Situation Factor      
Analysis Type                                     GENERAL        
Data Type                                           INDIVIDUAL       
Estimator                                            MLR

Observations                                      1103       
NGroups	                               1              
NDependentVars	                               6                
NIndependentVars                             0
NContinuousLatentVars                    1

Parameters                                         18
ChiSqM_Value                                  307.814         
ChiSqM_DF                                      9             
ChiSqM_PValue                                0                   
ChiSqM_ScalingCorrection              1.3902

ChiSqBaseline_Value                        1128.693                            
ChiSqBaseline_DF                            15
ChiSqBaseline_PValue                      0 
LL                                                       0 -11536.4

UnrestrictedLL                                    -11322.43                  
LLCorrectionFactor                            1.4159                         
UnrestrictedLLCorrectionFactor        1.4073                                    
CFI                                                      0.732     
TLI                                                      0.553
AIC                                                     23108.81   
BIC                                                     23198.91
aBIC                                                   23141.74
RMSEA_Estimate                              0.173                                     
RMSEA_90CI_LB                             0.157
RMSEA_90CI_UB                             0.19
 RMSEA_pLT05                                 0
SRMR                                                 0 0.086       
AICC                                                   23109.44      
Filename                                              Results_Model1.out

Res_Mod1$results$mod_indices
  modV1  operator  modV2      MI           EPC         Std_EPC       StdYX_EPC
  SIT2     WITH      SIT1R       49.626     -0.464      -0.464            -0.316
  SIT3R  WITH      SIT1R       143.634   1.023        1.023             0.827
  SIT3R  WITH      SIT2          34.894     -0.357      -0.357            -0.300
  SIT4     WITH      SIT1R       36.287     -0.403      -0.403            -0.280
  SIT4     WITH      SIT2         161.336    0.702       0.702             0.509
  SIT4     WITH      SIT3R       29.220     -0.336      -0.336            -0.288
  SIT6     WITH      SIT1R       24.083     -0.358      -0.358            -0.224
  SIT6     WITH      SIT2          63.899     0.486       0.486             0.317
  SIT6     WITH      SIT3R       22.398     -0.319      -0.319            -0.246
  SIT6     WITH      SIT4          46.545     0.415       0.415             0.276

For more details on the capabilities of this package, you can review the notes for each function or watch these videos (https://www.youtube.com/watch?v=L1cZPPdQ14E&ab_channel=IMMERSETrainingProgram, https://www.youtube.com/watch?v=1x3HW1RczAo&ab_channel=CasparvanLissa).
[bookmark: Xf06cb8c4da42a2587d394343ffcdc27eb59f57b]

Model 4. Model with Two Fully Z-Scored Factors (adding labels to the end of each parameter to use in computing omega reliability per factor)
Mod4 <- mplusObject(
  TITLE = '
  CFA of Situation Factor',
  VARIABLE = '
  USEVARIABLES = PersonID Sit1r Sit2 Sit3r Sit4 Sit5r Sit6;
  MISSING = ALL (99999);
  IDVARIABLE = PersonID;',
  ANALYSIS = '
  TYPE = GENERAL;
  ESTIMATOR = MLR;',
  OUTPUT = '
  MODINDICES (6.635);
  STDYX;
  RESIDUAL;',
  MODEL = '
  SitP BY Sit2*  Sit4*  Sit6*  (L1-L3);
      SitN BY Sit1r* Sit3r* Sit5r* (L4-L6);
      [Sit2*  Sit4*  Sit6*]   (I1-I3);
      [Sit1r* Sit3r* Sit5r*]  (I4-I6);
      Sit2*   Sit4*  Sit6*    (E1-E3);
      Sit1r*  Sit3r* Sit5r*   (E4-E6);
      SitP@1 (VarP); SitN@1   (VarN);
      SitP WITH SitN*  (FactCov);
      [SitP@0 SitN@0]  (MeanP MeanN);',
   MODELCONSTRAINT = '
  ! NEW(OmegaP OmegaN);
  ! OmegaP = (1*(L1+L2+L3)**2) / ((1*(L1+L2+L3)**2) + (E1+E2+E3));
  ! OmegaN = (1*(L4+L5+L6)**2) / ((1*(L4+L5+L6)**2) + (E4+E5+E6));',
  rdata = Example4_Sit)

Res_Mod4 <- mplusModeler(Mod4,
                    modelout = 'Results_Model4.inp',
                    run = 1L)
## Warning in is.na(columnNames) || is.null(columnNames): 'length(x) = 7 > 1' in
## coercion to 'logical(1)'
# read.delim("results_model4.out")

Again, the model results will be saved in a file with the same name we used in modelout ('Results_Model4.out).
