Testing Indirect Effects for Lower level Mediation Models in SPSS
Here we provide syntax for fitting the lower-level mediation model using the MIXED
procedure in SPSS as well as an excel calculator, SPSSEffectsCalc.xls, that performs the
computations necessary for evaluating the average indirect and total effects. In addition, a
simulated data file is provided, named sim.sas7bdat, to which the lower level mediation model can
be fit. The population model from which the simulated data were generated has the following form:
M =dy; +2; X, +ey;
Y; =dy; +b;My +ci X +ey,
In the population, the fixed-effects are d,, =d, =0, a=b = .6 and ¢' = .2 and the variances of the
random effects are VAR(d,,;) =.6, VAR(d,;) =.4, VAR(a;) =VAR(b;) =.16 and VAR(c) =.04.

The covariance between a; and bj is Oy =113, and all other random effects are uncorrelated.

These values imply that the average indirect and total effects in the population are .473 and .673,

respectively. Last, the Level 1 residual variances are VAR(e,;;) =.65 and VAR(e;;) =.45. Inthe

simulated data, the number of Level 2 units (indicated by j) is N = 100, the number of observations
within each Level 2 unit (indicated by i) is n; = 8. We recommend saving the simulated data file to a
directory on the users computer (e.g., c:\example\) to be analyzed using the provided syntax. We
now show the SPSS syntax for fitting the model to the data using the procedures described in Bauer,
Preacher, and Gil (2006).

Restructuring Data in SPSS

The data must first be prepared for the analysis through the creation of a single dependent
variable (Z) from the values of the mediator (M) and the distal outcome (Y). Two selection
variables are also created, labeled Sy and Sm, to indicate when Z represents M versus Y. This
rearrangement of the data is shown visually in Table 1 of Bauer, Preacher, and Gil (2006). Here we

show how to accomplish this rearrangement using SPSS. SAS syntax is provided in other online
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material showing how to structure the data and fit the model within SAS. The SPSS syntax for

restructuring the data is as follows:

*Creating Md variable to use in data restructuring.
COMPUTE Md =m .
EXECUTE .

*Restructuring data for multilevel analysis.
VARSTOCASES /ID = obs

/MAKE Z FROM Md y

/INDEX = Index1(Z)

/KEEP = m x id.

The first part of the syntax generates Md as the dependent M variable to be used to construct the
single dependent variable (Z). Although Md is redundant with M, this redundancy allows for the
creation of Z from Y and M (now Md) and the retention of M as a predictor of Y within Z. The
VARSTOCASES statement begins the data restructuring, with /ID = obs creating a variable (obs) to
identify the row at which the observations were located in the original data file. The /MAKE Z FROM
Md y statement creates the single dependent variable (Z) by stacking the values of the dependent
mediator (Md) and the distal outcome (Y) so each measurement appears on a separate row. The
statement /INDEX = Index1(Z) creates a variable (Index1) to distinguish Y from M values. The
IKEEP = mxid statement indicates which variables should be kept as fixed variables, any variables
that should appear in each row for a given observation. The following page includes visual

representations of the data set with the Md variable and the restructured data set.
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IFirst 12 observations of the data set with the Md variable:

(]

EHE I wh é T EER %

1-id 1

id | o« ] om ]y ] hd |

1 1 155 1 57 KR
2 1 228 2.1 1.21 2.1
3 1 74 04 - 26 04
4 1 -0B 48 -76 48
g 1 12 A8 a2 A8
B 1 148 a9 -B3 a9
7 1 a9 -23 15 -23
B 1 92 73 23 73
] 2 1.00 -3 115 -3
10 2 1139 297 372 297
11 2 -1.80 -3.65 -4.47 -3.65
12 2 126 230 322 230

Restructured data:
File Edit Y“iew Data Transform Analvze Graphs  Utilities  Window Help

EHE I ® =h M = BLEE % @

1: obs 1

obs m | x| id | Indext | z |
1] 1 11 1.55 1/Md 11
2 1 11 1.55 1y &7
3 2 211 278 1 [hd 211
4 2 2.11 2.28 1y 1.21
5 3 04 79 1/hd 04
B 3 04 79 1ly - 7B
7 4 48 -.0B 1[hdd 45
8 4 48 -.0B 1y - 76
g 5 A8 12 1 [hd A8
10 5 et 12 1y 52
11 B a9 1.48 1/hd a9
12 B A9 148 1ly - B3
13 7 - 23 a9 1[hdd - 23
14 7 -3 a9 1y 15
15 ) 73 92 1 [hd 73
15 g 73 g2 1y 23
17 ] -36 1.00 2 md -36
15 ] -36 1.00 2y 115
19 10 -2.97 -1.19 2 hd -2.97
20 10 -2.97 -1.19 2y -3.72
21 11 -3 65 -1.80 2 hd -3 685
22 11 -3.B5 -1.80 2y -4 47
23 12 -2.30 -1.26 2 md -2.30
24 12 -2.30 126 2y 322
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The following syntax creates the two selection variables labeled Sy and Sm, to indicate when Z

represents M versus Y:

*Creating Sy indicator variable.
RECODE

Index1

('Md'=0) ('y'=1) INTO Sy.
VARIABLE LABELS Sy 'Sy
EXECUTE .
*Creating Sm indicator variable.
RECODE

Index1

('Md'=1) ('y'=0) INTO Sm.
VARIABLE LABELS Sm 'Sm'.
EXECUTE .

The following syntax creates the product variables SMX, SYX, and SYM for the analysis:

*Computing variables for analysis.
COMPUTE SmX =Sm * X .

EXECUTE .
COMPUTE SyX = Sy * X .
EXECUTE .
COMPUTE SyM =Sy * M .
EXECUTE .

The final data set should look like this:

File Edit Wiew Data Transform Analyze Graphs  Utilities  Window  Help

EHE I & mh M EEEER % @

1: obs 1 Yis

obs | m | x| id | Index | z | Sy | St | Smd | Sy |

1 1 11 1.55 1|hd N .ao 1.00 1.55 oo
2 1 11 155 11y A7 1.00 0o 0o 1.55
3 2 21 228 1|hd 21 .ao 1.00 2.25 oo
4 2 2N 228 11y 1.1 1.00 oo oo 2.28
5] 3 04 79 1|hd .04 .ao 1.00 79 oo
B 3 04 79 1y -26 1.00 oo oo 79
7 4 43 06 1|Md A5 .ao 1.00 -.06 .0o
8 4 43 05 1y -7B 1.00 oo oo -.06
9 5 Ra] A2 1 |mid Rl .00 1.00 2 0o
10 5 59 A2 1y 52 1.00 oo oo A2
11 B 89 1.48 1 |mid .89 .00 1.00 1.48 0o
12 B 89 1.45 1y -B3 1.00 oo oo 1.45
13 7 23 a9 1|kAd -23 oo 1.00 a9 i}
14 7 23 g9 11y 15 1.00 oo oo 89
15 8 73 92 1|hd 73 .ao 1.00 o2 oo
16 8 73 92 11y 23 1.00 oo oo 92
17 9 -.36 1.00 2 |md -3 .ao 1.00 1.00 oo
18 9 -.36 1.00 2y -1.15 1.00 .0o .0o 1.00
19 10 -2.97 1.18 2 |Md -2.97 .ao 1.00 -1.19 oo
20 10 257 1.19 2y -372 1.00 0o 0o -1.19
21 11 -3.65 1.80 2 |Md -3.65 .ao 1.00 -1.80 oo
22 11 -365 1.80 2y -4 47 1.00 i} i} -1.80
23 12 -2.30 1.26 2 |Md -2.30 .ao 1.00 -1.26 oo
24 12 -2.30 1.26 2y 3.2 1.00 oo oo -1.26
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Building the model

The model of interest is given by this equation:
Zj =y Sy 8, (S Xij) +dy; Sy, +b; (Sy, Myy) +C5(Sy, X)) +ey

The syntax for fitting this model in SPSS:

*Multilevel model.
MIXED
Z WITH Sy Sm SmX SyX SyM
/FIXED = Sy Sm SmX SyX SyM | NOINT SSTYPE(3)
/IMETHOD = REML
/PRINT = COVB G SOLUTION TESTCOV
/RANDOM Sy Sm SmX SyX SyM | SUBJECT(ID) COVTYPE(UN)
/REPEATED Index1 | SUBJECT(obs*id) COVTYPE(DIAG) .
EXUCUTE .

The statement z WITH Sy Sm SmX SyX SyM specifies the outcome variable (Z) and the covariates
(Sy sm smx Syx SyM). The /FIXED statement identifies the fixed effects of the two selection
variables (SY and SM), and the product variables (SMX, SYX and SYM). The NOINT option
removes the intercept from the model and SSTYPE(3) is the default Sums of Squares test of
significance. The /RANDOM statement identifies the coefficients that should have random effects and
SUBJECT(ID) indicates the grouping variable. COVTYPE(UN) requests an unstructured covariance
matriX. The /REPEATED statement is necessary to obtain a different Level 1 residual variances for Z
when Z represents M versus Y (i.e., allowing for different residual variances for M and Y). The
/PRINT statement requests estimates for the fixed effects (SOLUTION), the covariance matrix of the
random effects (G), asymptotic covariance matrices for the fixed effects and covariance parameter
estimates (COVB) (necessary for computing standard errors for the average indirect and total

effects), and tests for the covariance estimates (TESTCOV).
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SPSS Output

Here we will describe the SPSS Output and which elements of the output are necessary to
calculate the indirect and total effects. We will also identify where to put those values into the excel
calculator, SPSSEffectsCalc.xls, to generate the estimated indirect and total effects, as well as their
95% confidence intervals. As stated previously the /REPEATED statement in our SPSS syntax allows
for the estimation of heterogeneous 62 values for SY and SM. The estimates for the residual

variance can be found in the Estimates of Covariance Parameters SPSS Output.

Estimates of Covariance Parameters=

Parameter Estimate Std. Errar Wiald £
Repeated Measures  Var: [Index1=md] F4RT 3 O26RF2 17631

Var: [Index1=y] A02965 030674 16.593

The output indicates that the level 1 residual variance of SM is .647 and the residual variance of SY

is .509, which are similar to the values used to generate the data (VAR(e,;) =.65, VAR(e;) =.45).
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To better indicate which values in the Estimates of Fixed Effects and Covariance Matrix for Estimates of
Fixed Effects are used in the calculations as well as where the values should be entered into the
calculator the values have been highlighted in both the SPSS output file and the excel calculator.

Estimates of Fixed Effects®

495% Confidence Interval
Parameter | Estimate Std. Error df t Sig. Lower Bound | Upper Bound
Sy -.09EE52 JOE1958 88.074 -1.563 A -.219804 026101
Sm 093215 | 089432 99.015 1.042 300 -084236 270666
ST E118457 04F495 101266 13160 Rufili] ATHEZA Jnaosa
| c' Syl 220812 037247 71122 5928 Rujili] 46544 2850749
Syt 10563 045536 892.064 13.408 Rujili] A20124 Joood
b 2. Dependent Variable: £
Covariance Matrix for Estimates of Fixed Effects®
Parameter Sy Sm S Sy Syhd
Sy 003834 000a7e 000127 -BE-005 -ooo114 ) VAR(a)
gm 000576 007998 oonazz -FE- E-005
S 000127 oon3zz 00262 ""-.'I-JTJ—IEI‘ELS?, Rulalui=]=iog — VAR(c')
Sy -GE-00% -GE-00% -.0oo1ar 001387 000484
Sy -.0oo114 9 3E-00% 000984 -.0on4g4 002074 4—] VAR(b)
4. Dependent Variable: £
A B | ¢ | Db | E | F |

Calculator for Randarn Indirect and Total Effects in Multilevel Models
Equations from Bauer, Preacher and Gil, 2006

Fixed Effect and Variance-Covariance Parameter estimates

3 b c'
Gammas | 0.611857] 0.610563) 0.220812|From Estimates of Fixed Effi
Covariance Matrix of the Fixed effects
3 b c'
a 0.002152 X X From Covariance Matrix for
b 0.000335 0.00207 4 X
c' -0.000197 |  -0.000484| 0.001387
Covariance Matrix of Random Slopes
al]) bij) =3l
alj) 0.1204583 X X from Random Effect Covaris
bij) 0.023955 0.111872 X
') -0.021423 0.005422  0.032437

Estimated Sampling Variance for Estimated Covariance Between a{j) with b
var{cov(al]),biji] 0.000521|From Covariance Matrix for Estimates o

Bandorm Indirect Effect

eq. 5

VIikalkalkalralralralraltol = = = = = | o o s s | —
R RS i N e s e e e g P e e ) e e A el B e L R el e

Average
0472532245 0184001364

eq. B

“ariance
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Bandorn Total Effect

eq. 7

=}

Average
0623344245 C
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The other estimates needed for the calculations are located in the Random Effect Covariance Structure
(G) and Covariance Matrix for Estimates of Covariance Parameters output from SPSS. As with the other
SPSS output, the values used in the calculations and where those values should be entered into the
calculator have been highlighted in both the Random Effect Covariance Structure (G) SPSS output and
the excel calculator.

Random Effect Covariance Structure {(G)=

LY

VAR(a(j)) I
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Sy | id Sm|id Sm | id S | id Sl | =

Sy | id 270234 066812 0118381 -018276 | —~tMa284

Sm | id 056812 | 679434 | 018161 | - 4| 009322 | VAR(c'(j))

Smi | id 011881 018161 1204383 -021496 (_QES&S'EJ

Sy | id - 018276 - Q06ET4 -.021496 032437 005422 I VAR(b(j)) I

Syh | id -.004284 00a322 088955 005422 11872

Unstructured

a. Dependent Yariable: 7.
A E | C | D | E | F |

1
2 Calculator for Randorn Indirect and Total Effects in Multilevel Models
3 Equations from Bauer, Preacher and Gil, 2006
4
]
b |Fixed Effect and Variance-Covariance Parameter estimates
7 a b c'
8 |Garmas | 0.611857 0610563 0.220812|Frorm Estimates of Fixed Effi
9 |Covariance Matrix of the Fixed effects
10 3 b c'
11 |a 0002162 X X From Covariance Matrix for
12 [k 0000335 0.002074 X
13 |c' -0.000197 0000484 0.001387
14 [Covariance Matrix of Random Slopes
15 al) () S0,
16 alj) 0.120453 X X frorm Random Effect Covarii
17 biji 0098955 O111872 X
18 c'if 0021493 DO0S422  0.032437
19
20 |Estimated Sampling Variance for Estimated Covariance Between al(j) with b
21 war[cow(ai]),bij] Fraom Covariance Matrix for Estimates o
22
23 |Handom Indirect Effect Randorm Total Effect
24
25 By. 5 eq. B eq. 7 e
26 Average Yariance Awerage
27 0472532245 0.184001364 0 B353344245 C
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The estimated sampling covariance matrix for the covariance parameter estimates are found in the
Covariance Matrix for Estimates of Covariance Parameters table of output. For our example, the column
labeled UN(3,3) corresponds to the 3 row and 3 column of the Random Effect Covariance Structure
(G) which is the variance of the random effect of SMX (VAR(g;)). Thus the column labeled
UN(3,3) contains the sampling variance of the estimate for VAR(a;) as well as the sampling
covariances of this estimate with all other variance/covariance parameter estimates (indicated by the
row index). Similarly the column labeled UN(4,4) contains the sampling (co)variances for estimates
for the variance of the random effect of SYX (VAR(c’j)) and the column labeled UN(5,5) refers to
the estimated variance of the random effect of SYM (VAR(b;)). What is needed for our calculations
is the asymptotic variance of the covariance parameter COV(g; , b;), which is labeled as UN(5,3).
The sampling variance for this estimate will then be in the UN(5,3) row and column of the
Covariance Matrix for Estimates Covariance of Matrix Parameters SPSS output. It has been highlighted in
both the SPSS output and the excel calculator.

Fixed Effect and Variance-Covariance Parameter estimates

Calculator for Random Indirect and Total Effects in Multilevel Models
Equations from Bauer, Preacher and Gil, 2006

\r\ Sy + Sm + S + Syl + SyMl [subject = id
Farameter LL//éz) UM | UMM [ UN@D | UM@® | UM | UNGED | UM | UMD
Repeated Measures  Var: [Index1=Md] 1.0E-006 | 2.5E-005 | 3.5E-005 -BE-00B | -.000155 -2E-005 -1E-005 -5E-00B
war: [Indext=y] -000118 | 1.6E-D05 | 7.8E-006 -3E-004 -BE-006 -FE-006 -GE-006 | 1.6E-00%
Sy + 5m + Smi+ LN {1,1) -3E-007 -7E-005 -4E-005 -2E-005 -4E-005 -3E-005 | 9.7E-005 | 1.4E-005
S+ SN [sublect= LN (2,1) -E-007 | -9E-D05 | -000122 | 000220 | GE-004 | 9.8E-005 | T.SE-005 | -4E-00%
id] LN (2,2) -000143 | -.000106 -8E-005 000154 | 4.2E-005 | 4.1E-005 aon11e | -.000108
LN (3,1) 9.8E-004 -9E-008 | 1.4E-005 -3E-004 -2E-004 000393 | 65E-005 | 1.7E-005
UN(3,2) 000121 | 1.1E-005 -5E-005 -3E-005 -2E-005 | A.4E-005 000735 | 81E-005
LN (3,3) ao0asg -7E-006 -5E-006 -9E-0058 | 7GE-006 | 3.1E-005 | 9.7E-005 aon4z28
UN{4,1) -FE-006 000544 000125 -2E-004 -9E-005 | -.000133 | 1.3E-005 | 6.3E-005
LN {4,2) -5E-006 000124 001191 | 3.2E-005 -GE-008 | 11E-005 | -.000331 | 2.3E-005
UN(4,3) -9E-004 -2E-005 | 3.2E-005 000354 -5E-005 | 6.1E-005 -8E-006 | -.000107
LN {4,4) 7.9E-006 -9E-0045 -BE-005 -5E-004 000402 | 1.3E-005 | 5BE-006 | 1.2E-006
UN{5,1) 31E-005 | -000133 | 1.1E-0058 | 61E-005 | 1.3E-005 000774 | 65E-005 | 1.4E-005
LN {5,2) 9.7E-005 | 1.3E-005 | -.000331 -8E-006 | S5GE-006 | 6.5E-005 01521 | 7.3E-005
UN(5,3) 000428 | G3E-005 | 2.3E-005 | -000107 | 1.2E-006 | 1.5E-005 | 7.3E-005 000521
UM (5.4} -4E-005 | 2.0E-005 | 6.5E-005 000167 | -.000139 | 2.7E-005 -1E-005 -7E-005
LN (5,5) 000196 | 4.1E-005 -3E-005 -G6E-005 | 2.3E-005 -4E-005 | 1.4E-005 000398
A B | C D E | |

a b c'
Gammas | 0.611857 0610563 0.220812|From Estimates of Fixed Effe
Covariance Matrix of the Fixed effects
£ b c'
a 0.002162 X X From Covariance Matrix for
b 0.0009585 0.002074 X
' 0.000197  -0.000454 0.001357
Covariance Matrix of Random Slopes
afj) b e
al) 0120453 X X fram Randoem Effect Covari:
bij) 0.098955 0111872 X
c'fj) -0.021493 0.005422  0.032437

Estimated Sampling Variance for Estimated Covariance Between afj} with v
var[cov(al)), b)) 0000521 From Covariance Matrix for Estimates of
Random Indirect Effect Random Total Effect
eq. 5 eq. B
Average Warance
0.472532245 0.184001364

eq. 7 =1
Average
0.693344245 0
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Once all the estimates from all of the SPSS output are in the spreadsheet, it will calculate the
formulas for the average (fixed) indirect and total effects (equations 5 and 7) and the standard errors
(equation 9 and 10) and 95% confidence intervals (equations 11 and 12) of these average effect
estimates. The variances of the random indirect and total effects are also computed (equations 6
and 8). The 95% Cls in this calculator are based on normal sampling distribution; the Monte Carlo
(MC) method of constructing CI is not available with this calculator.

The final calculations:

A | B8 | ¢ [ o | E [ F [ 6 | H |

o e | e e | o | o | oo | o | oo oo oo o ko e ko ko ko ko ko ra koo | = = o 2 o = s s = = .
=Sl e s G e s s s = e A e e e e e s e = s e e e e N T Y = e e R e Rl e

Calculator for Random Indirect and Total Effects in Multilevel kodels
Equations from Bauer, Preacher and Gil, 2006

Fixed Effect and Variance-Covariance Parameter estimates

A 1] c'
Garmras | 0.611857 0.610563  0.220812|From Estimates of Fixed Effects
Covariance Matrix of the Fixed effects

3 b c'
a 0.002162 X X From Covariance Matrix for Estimates of Fixed Effects
b 0.000955 0.00207 4 X
c' -0.000197 . -0.000484  0.001357
Covariance Matrix of Random Slopes
al]) bij) cj)
alj) 0.120453 X X fram Random Effect Covariance Structure (G)
bij) 0.098955 0.1115872 X
¢l -0.0214593 0.005422 0.032457

Estimated Sampling Variance for Estimated Covariance Between alj) with b{j} Random Effects
var[covial]l b 0.000521)|From Cowvariance Matrix for Estimates of Covariance Parameters

Fandom Indirect Effect Fandom Total Effect
eq. 5 eq. b By. 7 eq. 8
HAverage “ariance HAverage “ariance
0.472532245 0.154001 364 0.695344245 019682157

Random Indirect Effect

eq. 5 sqrtieg. 9 eg. 11
Standard |95 % Confidence Interval (alpha=0.05)
HAverage Error Lower Upper

0.472532245 0.053336747 | 036799222 057707227

Random Total Effect

eq. 7 sgrifeq.10)  eg. 12
Standard 95 % Confidence Interval (alpha=0.05)
Average Error Lowver Upper

0.693344245 0.055300679 0.57907492 | 0.80761355
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SPSS Syntax

*Creating Md variable to use in data restructuring.
COMPUTE Md =m .
EXECUTE .

*Restructuring data for multilevel analysis.
VARSTOCASES /ID = obs

IMAKE Z FROM Md y

/INDEX = Index1(Z)

/KEEP = m x id

/INULL = KEEP.

EXECUTE .

*Creating Sy indicator variable.
RECODE

Index1

('Md'=0) ('y'=1) INTO Sy.
VARIABLE LABELS Sy 'Sy'.
EXECUTE .

*Creating Sm indicator variable.
RECODE

Index1

(‘'Md'=1) ('y'=0) INTO Sm.
VARIABLE LABELS Sm 'Sm'.
EXECUTE .

*Computing variables for analysis.
COMPUTE SmX =Sm * X .

EXECUTE .
COMPUTE SyX = Sy * X .
EXECUTE .
COMPUTE SyM =Sy * M .
EXECUTE .

*Multilevel model.
MIXED
Z WITH Sy Sm SmX SyX SyM
/FIXED = Sy Sm SmX SyX SyM | NOINT SSTYPE(3)
/IMETHOD = REML
/PRINT = COVB G SOLUTION TESTCOV
/RANDOM Sy Sm SmX SyX SyM | SUBJECT(ID) COVTYPE(UN)
/REPEATED Index1 | SUBJECT(obs*id) COVTYPE(DIAG) .
EXECUTE .

Prepared by Ruth Mathiowetz and Daniel Bauer, 4/21/2008



