
1   #~~~~~~~~~~~~~~#
2   # INSTRUCTIONS #
3   #~~~~~~~~~~~~~~#
4   # The following code can be used for calculating RMSEA_u and CFI_u
5   # using approaches (1.1), (1.2), and (2). It can be used for uni- and
6   # multidimensional CFA models. For a more flexible use, the Ffun-
7   # function (lines 24 to 31) needs to be adapted. 
8   # An example data is provided with this article, which contains four
9   # metric variables. Its location needs to be specified in line 37. 

10   # The corresponding parameter estimates (standardized ML loadings)
11   # are entered in line 54. Estimate vectors of multidimensional CFA
12   # models first contain all loadings and then the factor correlations.
13   
14   library(matrixcalc)
15   library(numDeriv)
16   
17   #~~~~~~~~~~~~~~~~~#
18   # basic functions #
19   #~~~~~~~~~~~~~~~~~#
20   #matrix trace
21   tr <- function(x) sum(diag(x))
22   
23   #model implied correlations based on loadings and factor correlations
24   Ffun <- function(x) {
25   LAM <- diag(q) %x% rep(1,p/q)
26   LAM[LAM==1] <- x[(q2+1):(q2+p)]
27   PHI <- diag(q)/2
28   PHI[lower.tri(PHI)] <- x[1:q2]
29   PHI <- PHI + t(PHI)
30   (LAM %*% PHI %*% t(LAM))[lower.tri(diag(p))]
31   }
32   
33   #~~~~~~# 
34   # data #
35   #~~~~~~# 
36   #!!! specify data location !!!
37   X <- read.table('...\\example_data.txt')
38   
39   #settings
40   n <- nrow(X)
41   p <- ncol(X)
42   p2 <- (p*(p-1))/2
43   q <- 1
44   q2 <- (q*(q-1))/2
45   df <- p2 - p - q2
46   
47   #sample correlations
48   S0 <- cor(X)
49   
50   #~~~~~~~~~~~~~~~~#
51   # ML CFA-results # 
52   #~~~~~~~~~~~~~~~~#
53   #std. loading estimates
54   est <- c(0.3177388, -0.3547450,  0.2909282, -0.4468409)
55   
56   #model implied correlations
57   s1 <- Ffun(est)
58   S. <- diag(p)/2
59   S.[lower.tri(S.)] <- s1
60   S1 <- S. + t(S.)
61   
62   #ML test statistic
63   T_ML <- n * (log(det(S1)) + tr(S0 %*% solve(S1)) - log(det(S0)) - p)
64   
65   #ML test statistic (base model)
66   T_B_ML <- n * (tr(S0 %*% diag(p)) - log(det(S0)) - p)
67   
68   #~~~~~~~~~~~~~~~~~#
69   # ULS discrepancy # 
70   #~~~~~~~~~~~~~~~~~#
71   #correlation residuals
72   e <- (S0-S1)[lower.tri(S0)]
73   



74   #model discrepancy
75   F_uls <- sum(e^2)
76   
77   #base model discrepancy
78   F_B_u <- sum(S0[lower.tri(S0)]^2)
79   
80   #~~~~~~~~~~~~~~~~~~~~#
81   # calculate matrices #
82   #~~~~~~~~~~~~~~~~~~~~#
83   #I
84   I <- diag((p*(p-1))/2)
85   
86   #Gamma
87   X2 <- X^2
88   C <- combn(p,2)
89   for(i in 1:ncol(C)) X2 <- cbind(X2, X[,C[1,i]]*X[,C[2,i]])
90   GAM <- var(X2)
91   
92   #W
93   Dp <- duplication.matrix(p)
94   D. <- svd.inverse(Dp)
95   cr <- which(rowSums(D.^2) != 1)
96   W. <- 2 * D. %*% (S0 %x% S0) %*% t(D.)
97   W <- solve(W.)[cr,cr]
98   
99   #Delta

100   DEL <- jacobian(Ffun, est)
101   
102   #~~~~~~~~~~~~~~~~#
103   # approach (1.1) #
104   #~~~~~~~~~~~~~~~~#
105   U_1.1 <- I - DEL %*% solve(t(DEL) %*% DEL) %*% t(DEL)
106   V_1.1 <- (U_1.1 %*% GAM[cr,cr])/n
107   tr_1.1 <- tr(V_1.1)
108   s2_1.1 <- 2 * tr(V_1.1^2) + 4 * t(e) %*% V_1.1 %*% e
109   
110   #corrected RMSEA_u estimate
111   k_1.1 <- 1 - (s2_1.1) / (4*F_uls^2)
112   R_u_1.1 <- 1/k_1.1 * sqrt(max(c(F_uls - tr_1.1, 0))/df)
113   
114   #RMSEA_u standard error 
115   SE_1.1 <- sqrt(s2_1.1/(k_1.1^2*4*F_uls))[1]
116   
117   #CFI_u
118   C_u_1.1 <- 1 - (F_uls-tr_1.1) / (F_B_u-tr_1.1)
119   
120   #output
121   round(
122   c(RMSEA_u_1.1 = R_u_1.1, 
123   low.CI = max(0, R_u_1.1-qnorm(.95)*SE_1.1),
124   upp.CI = R_u_1.1+qnorm(.95)*SE_1.1,
125   CFI_u_1.1 = C_u_1.1), 3)
126   
127   #~~~~~~~~~~~~~~~~#
128   # approach (1.2) #
129   #~~~~~~~~~~~~~~~~#
130   U_1.2 <- I - DEL %*% solve(t(DEL) %*% W %*% DEL) %*% t(DEL) %*% W
131   V_1.2 <- 1/n * (U_1.2) %*% GAM[cr,cr] %*% t(U_1.2)
132   tr_1.2 <- tr(V_1.2)
133   s2_1.2 <- 2 * tr(V_1.2^2) + 4 * t(e) %*% V_1.2 %*% e
134   
135   #corrected RMSEA_u estimate
136   k_1.2 <- 1 - (s2_1.2) / (4*F_uls^2)
137   R_u_1.2 <- 1/k_1.2 * sqrt(max(c(F_uls - tr_1.2, 0))/df)
138   
139   #RMSEA_u standard error 
140   SE_1.2 <- sqrt(s2_1.2/(k_1.2^2*4*df*F_uls))[1]
141   
142   #CFI_u
143   C_u_1.2 <- 1 - (F_uls-tr_1.2) / (F_B_u-tr_1.2)
144   
145   #output
146   round(



147   c(RMSEA_u_1.2 = R_u_1.2, 
148   low.CI = max(0, R_u_1.2-qnorm(.95)*SE_1.2),
149   upp.CI = R_u_1.2+qnorm(.95)*SE_1.2,
150   CFI_u_1.2 = C_u_1.2), 3)
151   
152   #~~~~~~~~~~~~~~#
153   # approach (2) #
154   #~~~~~~~~~~~~~~#
155   s2_2 <- s2_1.2
156   #model ADR
157   ADR <- (T_ML - df) / T_ML
158   #base model ADR (for CFI_u)       
159   ADR_B <- (T_B_ML - p2) / T_B_ML
160   
161   #corrected RMSEA_u estimate
162   k_2 <- 1 - (s2_2)/(8*F_uls^2)
163   R_u_2 <- 1/k_2 * sqrt(max(c(ADR * F_uls, 0))/df)
164   
165   #RMSEA_u standard error 
166   SE_2 <- sqrt((s2_2*ADR)/(k_2^2*4*df*F_uls))[1]
167   
168   #CFI_u
169   C_u_2 <- 1 - (ADR * F_uls) / (ADR_B * F_B_u)
170   
171   #output
172   round(
173   c(RMSEA_u_2 = R_u_2, 
174   low.CI = max(0, R_u_2-qnorm(.95)*SE_2),
175   upp.CI = R_u_2+qnorm(.95)*SE_2,
176   CFI_u_2 = C_u_2),3)
177   


