Testing Indirect Effects for Lower level Mediation Models in HLM

Here we provide syntax for fitting the lower-level mediation model using HLM6 as well as
an excel calculator, HLMEffectsCalc.xls, that performs the computations necessary for evaluating

the average indirect and total effects. In addition, a simulated data file is provided, named

sim2.sas7bdat, to which the lower level mediation model can be fit. Note that this file format is
accepted by both SAS and SPSS, and either program can be used for data management purposes
prior to fitting the model in HLM. Here we show how to rearrange the raw data using SPSS on the
assumption that this may be the most common data management software used by HLM users. SAS
syntax is provided in other online material showing how to structure the data and fit the model

within SAS.

The population model from which the simulated data were generated has the following
form:

M.j = de +anij +€yij

Y; =dy; +b;M; +ci X, +ey;
In the population, the fixed-effects are d,, =d, =0, a=Db=.6and c' =.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 Ty =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 as shown here. We now provide
step-by step instructions for fitting the model to the data in HLM6 using the procedures described in

Bauer, Preacher, and Gil (2006).
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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. A level-2
variable (W) is also included in the rearranged data, although the present model does not include
this variable as a predictor of either Y or M. This rearrangement of the data is shown visually in

Table 1 of Bauer, Preacher, and Gil (2006). The SPSS syntax for restructuring the data is:

*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(2)

/KEEP = m x wid.

EXECUTE .

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 (YY) 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 =m x w id statement indicates which variables should be kept as fixed variables, any variables

that should appear in each row for a given ID value. Our level-2 variable (W) is an example of a
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variable that should appear as the same value for a given ID value. The following page includes

visual representations of the data set with the Md variable and the restructured data set.

First 12 observations of the data set with the Md variable:

d | x| om | v | w ] Md |

1 1 1.55 A1 A7 -88 1

2 1 2.28 211 1.21 -88 211

3 1 79 04 - 25 -88 .04

4 1 -0 48 .75 -88 48

5 1 12 A5 52 -88 55

B 1 1.48 89 - B3 -88 a9

7 1 89 23 15 -88 -23

g 1 92 73 23 -88 73

g 2 1.00 -36 -1.15 A1 -35

10 2 -1.19 297 372 A1 297
11 2 -1.80 365 447 A1 355
12 2 -1.26 -2.30 -3.22 A1 -2.30

Restructured data:

obs | mo | X | w | id |lndext|] Z |
1 1 1 1.55 -85 1| Wd Nl
2 1 1 155 -85 1y 57
3 2 211 228 -85 1| Wd 2.1
4 2 211 228 -85 1y 1.21
5 3 04 79 -85 1| Wd 04
B 3 04 79 -85 1y - 26
7 4 A8 -.05 -8 1| hid 43
8 4 A3 -.06 -85 1y -76
5 5 A8 a2 -85 1| hid 53
10 5 A8 12 -85 1y a2
11 B 83 1.43 -85 1| Wd 83
12 5] =iz 1.43 -8 1y -B3
13 7 =23 83 -85 1| Wd =23
14 7 =23 89 -85 1y 4
15 g 73 a2 -85 1| Wd 73
16 g 73 a2 -85 1y 23
17 g 35 1.00 A1 2|hd -3k
18 9 -36 1.00 11 2y -1.15
19 10 297 -1.18 11 2|Md 297
20 10 2597 -1.18 11 2y -3.72
21 A -3B5 -1.80 11 2|Md -3.B5
22 1 -3.B5 -1.80 A1 2y -4.47
23 12 =230 -1.26 11 2|Md -2.30
24 12 =230 -1.26 11 2y -3.22
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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 level-1 product variables SMX, SYX, and SYM, as well as the
level-2 product variables SYW and SMW:

*Computing variables for analysis.
COMPUTE SmX=Sm * X .
COMPUTE SyX =Sy *X.
COMPUTE SyM =Sy *M .
COMPUTE SyW =Sy *w .
COMPUTE SmW =Sm *w .
EXECUTE .

This data file will serve as both the level 1 and level 2 data file for HLM (it is not necessary to

create separate level 1 and level 2 data files). The final data set should look like this:

ahs | om | x| w ] id indext] Z ] Sy | Sm | Sm¥ | Sy | Sym | Syw | Smw |
1 1 M 1485 -88 1 Md A1 Dol 100) 185 00 OO0 .00 -G8
2 1 R 155 -85 1]y &7 100/ 00| oo 188 11 -&m a0
3 2 2.11 2.28 -85 1 hd 211 00| 100] 228 00 ool .00 -8
4 2 2.11 228 -.68 1]y 121 100/ .00 oo 228 211 -&88 a0
5 3 04 79 -.88 1[hd 04 ool 1ol 78] oa) ool oo -G8
B 3 04 79 -.B8 1y -26/ 100] .00 oo 7@ D4 -&m .o
7 4 48 -06 -.88 1[hd 48| 00| 100/ -06) oo ool 0o -G8
B 4 43 -6 -.B8 1y -76/ 100] 00| oo -0E| 48] -&m .o
9 3 58 12 -85 1[hd 59 ool 100/ 2] ool ool .0of -8
10 5 59 12 -85 1y 52 100 ool oo 12| &3 -&m a0
11 [ a9 1.43 -.68 1| hd 89 00| 100/ 148 ool o0 .00 -8
12 5 a9 1.48 -85 1y -3 100 00| oo 148 &3 -&d a0
13 7 -3 a9 -.B8 1| Md -23| ool 100 89 ool oo 0o -6
14 7 -7 a9 -.88 1y A5 100 oo| oo 89| -23] -&a a0
15 & 73 = -.B8 1| Md 73 oo 100/ %2 ool oof 0o -8
16 8 73 @2 -.88 1y 23| 100 oo oo 82| 73l -ma .o
17 g -36 1.00 R 2 md -36| 00| 1.00) 1000 oo oo o0 N
18 ] -36 1.00 R 2y -115| 100/ .00 oo 100 -3 11 a0
19 10 297 -1.19 ET] 2 md 297 ool 100 -119) ool ol o0 R
20 10 297 -1.19 R 2y -372| 1000 00| oo -1a%) 297 11 a0
21 11 365 -1.80 ET] 2 Md 365 00| 1.00] <180 00| .odl o0 R
22 11 -3E5 -1.80 R 2y -447| 1000 00| o0 <180 -3EE| 11 .o
23 12 2230 126 R 2 Md 230 00| 1.00f <1260 00| odl oo R
24 12 230 126 R 2y -322| 1000 00| oo 126 2300 11 .o
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Creating a MDM file from a SPSS file

After launching HLM, select File > Make new MDM file - Stat package input:
B8 HLM for Windows =13

File

Create a new model using an existing MDM file
Edit/Run old command(. him;' . mim) File

Stephen Raudenbush
Anthony Bryk
Richard Congdon

MMake new MDM File ASCITinput
Make new MDM From old MOM templated mdmt) File Stat package input

Wiew Cutpuk
Graph Equations »
Graph Data »
Preferences

Exit

Mixed

Select HLM?2, which will bring up this screen:
Make MDM - HLM2

MO template file MO File Marme (use mdm suffid)

File Mame:  Uisimdata mdrmt |U:1.Simdata.mdm * 1 ] Name MDM

Open mdmtﬂlel Save mdmtﬂle‘ Edit mdmt file | Input File Type | SPSSMYindows j
Mesting of input data 2 ] Click on
+ persons within groups " measures within persons 'Browse' and select

Level-1 data file
Level-1 Specification

Browse Lewel-1 File Mame: UlSimdata.say Choose Yariahles

Missing Data? Delete missing data when:
# Mo " Yes " making mdm " running analyses 3_] Click on
‘Browse' and select
Level-2 Specification e — Level-2 data file

Browse | Level-2 File Name: UiSimdata.say *" Choose Yariahles
take hiDihd Check Stats Dane

Begin by naming the MDM file (1), then identify the Level-1 (2) and Level 2 (3) data files. These
will both be the same data file that was created within SPSS. The choice of ‘persons within groups’
or ‘measures within persons’ is not important for our example; both will fit the same model, the
only difference is the notation HLM uses to display the model.
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Next click on Choose Variables under “Level-1 Specification” to select Level-1 variables for
analysis. For our analysis the single dependent variable Z, the selection variables SY and SM, as
well as the product variables SMX, SYX, and SYM are included as Level-1 variables. The grouping
variable, in our analysis ID, is chosen as the ID variable.

Choose variables - HLM2

foBs o inwom  [sww [ DT oM

M o inMoM [sww DT oM

« rorComow [ ol

w rrofCewow [ ol

o MolCamwmowm | ol

INDEX? o [ ror

z  Toawmow [ ol

[sv T oFomowm [ ol

E L N e

s T oRnwowm | ol

SvH CoimMom | ol

B T N e
Page 1 of 1 u ﬂ O %‘ Cancel |

Next click on Choose Variables under “Level-2 Specification” to select Level-2 variables for
analysis. For our analysis the grouping variable ID, is chosen as the ID variable and the product
variables SYW, and SMW are included as Level-2 variables. We will not include the Level-2
variables in our example model, but one could include such variables, for instance when wishing to
control for level 2 covariates, or when evaluating moderated mediation (as in the empirical example
in Bauer, Preacher & Gil, 2006). The effect of SYW would represent the effect of Won Y,
whereas the effect of SMW would represent the effect of M on Y.

Choose variables - HLM2

0BS DT imMOM  [Syw T ID W inhDM

M o onmMoMm s D inOM

x  rofCowwm [ ol

w  rofCmwm [ ol

o Mol mwom [ o

INDEX1 o | ror

'z rofCawowm [ ol

lsv o mwom [ o

[ ol awwm [ o

s ol mmMom [ ol

[svx T oCnvom [ ol

SM CoCmwom [ o
Page 1 of 1 g ﬂ OK # Cancel |
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in HLM

After the Level 1 and 2 variables have been specified, you can save the MDM template file by
clicking Save mdmt file. Next select Make MDM(1). This produces the HLM data file and flashes
up some summary statistics for the level 1 and level 2 variables. You can access these again by

clicking on Check Stats (2).

Make MDM - HLM2

MO template file MOM File Mame (use mdm suffix)

File Mame: isimdata.mdmt

|U:'Lsim|:|ata.mdm

Open mdmtﬂlel Save mdmtﬂle| Edit mdmt file ‘

Mesting of input data

Input File Type | SPESMYindows

f* persons within groups i measures within persaons

Level-1 Specification

Brovwse Level-1 File Mame: LASimdata.say

mMissing Data?
s Mo

Delete mizsing data when:

" Yes " making mdm " running analyses

Level-2 Specification

Browse Level-2 File Mame: LASimdata.say

Make MO Check Stats Done

Choose Variahles

il

Choose Variahles

[~

To start building the model click on Check Stats (2). then Done(3).
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Building the model

The model of interest (equivalent the two equations shown in the first paragraph) is given by the

single equation:

Z; =dy; Sy T3 (SMinij)+deSYij +b, (SYU, M;) +c; (SYU, X))+

We begin the construction of this model in HLM by selecting Z as the outcome variable:

B8 WHUM: him2 MDM File: simdata.mdm M=1E3
File:

Outcome
>r Level-1 <<
Level-2

INTRCFT1

Ouktcome vatiable

Mixed

Next select the two selection variables (SY and SM), and the product variables (SMX, SYX and
SYM) as the Level 1 variables:

B3 WHLM: him2 MDM File: simdata.mdm (=3
File Basic Settings  Other Settings  Run Analysis  Help

Outcome
»» Lewvell <<
Level-2

INTRCPTY LEVEL 2 MODEL thold italic: grand-mean centering)
zZ

LEVEL 1 MODEL thold: group-mean centering; hold italic: grand-mean centering) —

L=py+r |

oy [ 8= 10" 4o
oy Cutcome variable

add variable uncentered
Sy addwvarishle group centered by
Sy add varisble grand centered

Mixed |~ .
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Unlike most HLM models this model does not have an intercept. Remove the intercept by clicking
on INTRCPT1 —>Delete variable from model:

B WHLM: him2 MDM File: simdata.mdm =13
File Basic Settings  Other Sektings  Run Analvsis  Help

Outcome LEVEL 1 MODEL (hold: group-mean centering, bold talic: grand-mean centering) -

>> Level-1 << =
Level? L= fig + By (SY] + Po(SM) + [ g(SMK) + B (SYH) + B (SYM) +r

INTRCPT1 1 EVEL % BIARECE dectditalice grand-mean centering)

z

=Y

S

Sl

S Delete variable from model

Mixed| v

To allow the coefficients to have random effects (representing differences across Level-2 units,
select Level-2 and add random components to all Level 1 variables by clicking on all the u
variables:

[l WHLM: him2 MDM File: sim2data.mdm M=E3
File Basic Settings  COther Sethings  Run Analysis  Help

Outcome LEVEL 1 MODEL (bold: group-mean certering; bold italic: grand-mean centering) *
Lewvel-1 =
S5 Lovelz <<| L= FalSY)+BoEM) +Bo(SME) + 5 (872 + py(SYM) +7
INTRCPTZ LEVEL 2 MODEL ibold talic; grand-mean certering)
oYY B, = ., +u
Shdvy (O ™
_ 40
B = Yz
Fs = Ta
Pe = T
Fs = Yo

Mixed |+
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After the fixed and random effects are specified the estimation settings need to be modified in order
to obtain estimates for the heterogeneous o2 values for SY and SM(i.e., different residual variances
for the two outcomes). To change these settings select Other Settings - Estimation Settings:

[ WHLM: him2 MDM File: sim2data.mdm M=
Filz Basic Settings | Other Settings  Run Analysis  Help

Outcome ttin I:I:s an certering; bald talic: grand-mean centering) -
N stimation Settings
3y tz:::_; < Hypathesis Testig k ulx) + ﬁ4[8\(}{:' + |35':SYM) tr
INTRCPTZ Output SEttings -mean centering
S Exploratory &nalysis (level 2)
Sy
M2 = Tzp 7
B3 = T3
Pe = Va0
Bs = s

Mixed|+

Select Full maximum likelihood then click on Heterogeneous sigma”2:

Estimation Settings - HLM2

Type of Likelihood
" RHestricted maximum likelihood f Full maximurm likelihood

LaPlace lteration Contral

[ Maximum number of iterations

Constraint of fixed eﬁects| Heterogeneous sigmaﬂﬁg Flausible values| hultiple imputatiun‘

| Weighting Latent “ariable Regressinn‘
Fix sigma2 to specific value | computed

(Zet to "computed” if you want sigma™2
random or if over-dispersion is desired)

Ok
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This window should appear:

Heterogeneous sigma” 2: Predictors of level-1 variance

Double-click to move variables in and out of Predictors column

Possible choices Predictors of level-1 variance
5Y 5M
SMX [}-,
SYX
SYM

Iteration Contral

Macro lterations 100 Micro Iterations 100

Stopping Criterion |0.0001000000 Stopping Criterion |0.0000010000

Select SM as a predictor of Level-1 variance by double-clicking, then select OK

The final model should look like this:

B8 WHLM: him2 MDM File: simdata.mdm Command File: simHLMmodeL. him M[=1E3

File Easic Settings  Other Settings  Run Analvsis  Help
Outcome LEVEL 1 MODEL tholet: group-mean certering bold italic: grand-mean certering) _
»> Level1 << _
Level? L= By(3Y) + BISM) + SR + B (SYH) + B (SYM) + 0
IZNTRCF'H Varlr) = o and log(a®) = o, + o, (SM)
=4 LEVEL 2 MODEL (hold italic: grand-mean%entering)
S _
S By = 1p T4
S Bo = ., +u
oYM z2 20 z2
Bg = gt s
Pe = tap + ¥y
Bs = s 5
Mixed| v
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The specification of:
Varf) = o and logis?) = ey + o, (SM)
Allows for the estimation of heterogeneous o2 values for SY and SM, such that the level 1 residual
variance of SY is obtained by e *# and the level 1 residual variance of SM is e o Ty
Lastly, the asymptotic covariance matrices of the fixed effect and variance component estimates

need to be requested. These values are required for the computation of the standard errors of the
average indirect and total effects. To obtain these values select Other Settings > Output Settings:

B8 WHLM: him2 MDM File: simdata.mdm Command File: simHLMmodel. him =13
File Basic Sethings | Other Sethings  Run Analysis  Help
Outcome Ikeration Settings an centering, bold talic: grand-mean centering) -
>3 Level-1 << Estimation Settings
Level-2 Hypothesis Testing X1 + [54(8‘”{) + [55(5‘1"[\'1) +r
NTRCET] m o M)
il Exploratory Analysis (level 2)
Sy d-mean centering)
Shd [ —
S | By = ety
SYH fo = wan t U
SYM 2 20 2
By = Y3ty
Pe = tapt 4y
bs = top t s

Mixed |+

This window should appear:

Ouput Settings - HLM2
#of OLS estimates shown | 10

v Print variance-covariance matrices

[ Reduced output Ok [_: |

Select Print variance-covariance matrices, then select OK.

Now that the model, estimation and output settings have been specified select Run Analysis to fit
the model to the data.
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HLM Model Output

An illustration of how the final HLM model is related to the model of interest:

L= B (3Y) + B (5M) + B SMe) + B ISR + B (5YM) +r

Zy = digShy 0 (S Xy) + Sy, +0; (S M)+ (Sy Xy) +ey

The estimates for the fixed and random effects can be found in both the HLM output and the data
files gamvc.dat and tauvc.dat. Fixed effects in the HLM output:

Final estimation of fixed effects:

Standard Approx.
Fixed Effect Coefficient Errar T-ratio d.T. F-value
For sy slope, BL
IMTRZPTZ, Gl0 -0.0%3&6314 0.0&815&5 -1.574 99 0.11%8
For cM slope, B2
a IMTRZPTZ, G20 O,092767 0.085857 1.044 99 0.300
umﬁmﬁhqﬁr SMx slope, B3
IMTRZPTZ, G320 0.&611308 0.04&210 13.242 99 0.000
o For v slope, B4
T INTRCFTZ, G40 0.zz0008 0.036974 C.950 Qg 0.000
For =vM slope, BG
p BRI e e o stre i 27 hen
Covariance estimates in the HLM output:
Tau
v, Bl O.2&&60 0.05&61a 0.0115F -0.01745 —0.00445
SM,EZ O.05&1a 0.&67048 O.0lszs -0.00&10 O.0031&
SM, B3 0.0l11s7 0.0152%8 0.11512 -0.021%8% 0.09551
S, Bd -0.01745 -0.00&10 0O.0218& 0.03110 O.00&12
S%M, BE —0.00445 0.0031& 0.09851 /0.00612 ("D.lﬂﬂla
VAR(a(j)) Immc'un I VAR(b(j))
The estimates for oo and a3 in the HLM output:
ORESULTS FOR HETEROGEWECOUS SIGMA-SQUARED
[macro jteration &)
var(R] = Siagma_squared and
Togisigma_squared) = alphad + alphal(sM])
Model for lewel-1 wariance
Standard
Faramester Coefficient Error Z-ratio P—value
INTRCPTL ,alphan -0.&67489 0.053303 -11.350 0.o0ao
SM ,alphal 0.23376 0.052155 2.915 0.0o04

Thus for our example, the estimated residual variance is e*®"#° = 508965 for SY and
g 007489+0.23970 = 646731 for SM
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At the end of the HLM output there should be a note indicating the creation of 3 data files:

tauvc.dat, containing tau and the wariance-cowvariance matrix of tauhas been created.
gamwvC.dat, containing the wariance-cowvariance matrix of gamma has been created.
gamvsCcr.dat, caontaining the robust wariance-cowvariance matrix of gamma has

been created.

By default, these files are placed into the same directory as the program file used to fit the model.

Calculating Random Indirect and Total Effects:

To calculate the indirect and total effects begin by open the gamve.dat output file from HLM and
the excel effects calculator spreadsheet HLMEffectsCalc.xls. The first row of gamvc.dat provides
the fixed effects estimates for the level 1 coefficients in the order that they were specified in the
model.

Mixed Model

L= g ¥ S oy kS oy SN 4y w50+ SV 0 w5V 4 0w 5M 4 0w SME + w w5V 4 Uk ST+ r

-0.0969142

.F902621E-003
-EFI097SE-004
L26EZ015E-004
«18392133E-005
«1543745E-004

Wl

0.05927&667

-BFZ097SE-004
-9008634E-003
«22333881E-004
«2EEE533E-00E
098647 3E-005

0.&112077

L2EEZ015E-004
L2333E81E-004
1353 704E-003
L0141513E-004
LE017347E-004

-&.
-4,
=2.
L3EFOF05E-003
-4,

0.220008E5
189:21323E-005
8655 33E-0O05
0141513E-004

F303124E-004

0.6112021

L1549745E-004
098647 3E-0D0S
LB017947E-004
LF303124E-004
040837 2E-003

The second and subsequent rows of gamve.dat represent the estimated sampling variances and

covariances of the fixed effect estimates.

The values of interest are the estimated values of 3o, Y40, and yso (Which correspond to a, ¢’ and b,

respectively) and their estimated sampling variances and covariances.
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To better indicate which values 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 gamvc.dat output file and

;he excel calculator.
AEE|

| =

-0.0259142 0.0327667 0.6113077 0.2200085 O.61lz2021
3.7902621E-003  S.&F208F8E-004 1.268201%E-004 -5.18532133E-005 -1.1543743E-004
E.EeFZ0973E-004 F.9008694E-003  3.2333881E-004 -4,9365533E-005  2.0386473E-005
1.2682015E-004 3.2333881E-004 2.12353704E-002 -2.0141513E-004 9.5017347E-004

-5.18592133E-005 -4.59865533E-0058 —2.01415813E-004 1.3670703E-003 -4.7303124E-004
-1.15437453E-004 32.0386473E-005 [ S.8017347E-004 -4.7303124E-004 2.0403372E-003
| B | ¢ | © | E | F |

A
% Calculator for Randorm Indirect and Total Effects in Bultilevel Models
Equations from Bauer, Preacher and Gil, 2006

Fixed Effect and Variance-Covariance Parameter estimates

3 b c'
Garnras | DBT190F7F] 06112021 0.2200085|Frorm GAMYC. DAT
Covariance Matrix of the Fixed effects
3 b c'
a 0.00213557 X X From GAMYC DAT
b 0.00098018| 0.00204084 X
' 000020142 -0.00047303| 0.00136707
Covariance Matrix of Random Slopes
a() () )
alj) 01181218 X X From TALNC DAT
bij) 0.0935145  0.1091324 X
e 00218558 0.0061177 ) 0.0311016

Estimated Sampling Variance for Estimated Covariance Between a(j) with

var[cow(aij),b()][_0.0005208]From TAUVC.DAT

Random Indirect Effect Random Total Effect

[ S T S Y ) [P (SN A U (PRI WY B A PRI PR

eq. 5 eq. b eqy. 7
Average Yariance Awerage
0472513571 018129353 0692522371
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Testing Indirect Effects for Lower level Mediation Models in HLM

The other estimates needed for the calculations are located in the tauve.dat output file from HLM.
Like gamvc.dat the estimates appear in the order that they were specified in the model. The first 5
rows represent the covariance matrix for the random effects. In our example, row 3 corresponds to
the variance/covariance estimates for SMX (a;), while row 4 contains the estimates for SYX (c’j)
and row 5 has the SYM (b;) estimates. The subsequent rows are the asymptotic covariance matrix
for the variance component estimates. (It should be noted that this file has word wrapping so every
2 rows following the covariance matrix for the random effects represents 1 row of the asymptotic
covariance matrix)

B tauvc. dat - Notepad g@@
File Edit Format Yiew Help
| 0.2666021 0.05616l7 0.0118693 -0.0174834 -0, 0044512 A
0.0561617 0.56704540 0.01825832 -0.0061023 0.0091615
0.0118693 0.01825832 0.1181213 -0.0218558 0.0985148
-0.01745834 -0.0061022 -0.0218558 0.0211015 0.0061177
-0.0044512 0.0091615 0.0985145 0.0081177 0.1091824
0.0028850 0.0004297 0.0000657 0.0000973 0.0000150 0.0000028 -0.0000553 -0.0000005
-0.0000032 -0.0001114 -0.0000770 -0.0000163 -0.0000034 0.0000575 -0.0000956
0.0004297 0.0030225 0.0008574 0.0001163 0.0001198 0.0000055 -0.0000206 -0.0000603
-0.0000611 -0.0000021 0.0000250 -0.00005815 -0.0000007 -0.0000004 -0.0000012
0. 0000657 0.0008574 0.0124675 0.00003583 0.0004538 -0.0001337 -0.0000040 -0.00005838
-0.0000070 -0.0000000 0.0000093 0.0001433 0.0000031 -0.0000002 0.0000011
0. 0000372 0.0001163 0.0000388 0.0005141 o, 0001241 0.0000541 -0.0000733 -0.00007&68
-0.0000134 -0.0000002 0.0003701 0.0000532 -0.0000151 -0.0000012 -0.0000244
0.0000150 0.0001196 0.0004593 0.0001241 0.0016216 0.0001328 -0.0000120 -0.0001634
-0.0000186 0.0000020 0.0000567 0.0007756 0.0000515 -0.0000069 0.0000151
0.0000028 0.00000585 -0.0001337 0.0000541 0.0001328 0.0003741 -0.0000051 -0.0000143
-0.000086 0. 0000085 0.0000243 0.0000641 0.0004195 -0.0000396 0.0001923
-0.0n00s89 -0.0000206 -0.0000040 -0.0000733 -0.0000120 -0.0000051 0.0004561 0.0000721
0.0000169 -0.0000218 -0.0001463 -0.00001583 -0.0000025 -0.0000105 0.0000077
-0. 0000005 -0.0000&02 -0.0000838 -0.00007&8 -0.0001&34 -0.000014%9 0.0000721 0.0010893
0.0000402 -0.0000141 -0.0000271 -0.0003705 -0.0000137 0.0000151 -0.0000091
-0.0000032 -0.0000611 -0.0000070 -0.0000134 -0.0000186 -0, 0000866 0.0000163 0.0000402
0.0002835 -0.0000576 -0.0000098 -0.00001732 -0.0001219 0.0001445 -0.0000930
-0.0001114 -0.0000021 -0.0000000 -0.0000002 0.0000020 0.0000055 -0.0000218 -0.0000141
-0.0000576 0.0003199 0.0000130 0.0000051 0.0000213 -0.0000936 0.0000064
-0.0000770 0.0000250 0.0000093 0.0003701 0.0000567 0.0000249 -0.0001463 -0.0000271
-0.0000098 0.0000130 0.0007240 0.0001135 0.0000131 -0.0000084 -0.0000411
-0.0000168 -0.0000818 0.0001433 0.0000532 0.0007756 0.0000641 -0.00001583 -0.0003705
-0.0000173 0.0000051 0.0001135 0.0016066 0.0000745 -0.0000153 0.00003587
-0.0000034 -0.0000007 0.0000031 -0.0000151 0.0000516 0. 0004196 -0.0000025 -0.0000137
-0.0001z212 0.0000218 0.0000121 0.0000745 0.0005322 -0.0000881 0.0004002
0.0000575 -0.0000004 -0.0000002 -0.0000012 -0.0000069 -0.0000396 -0.0000105 0.0000151
0.0001445 -0.0000936 -0.0000054 -0.0000153 -0.0000881 0.0002769 -0.0001736
-0, 0000986 -0.0000012 0.0000011 -0.0000244 0.0000181 0.0001923 0.0000077 -0.0000091
-0.0000230 0. 0000064 -0.0000411 0.00003&87 0.0004002 -0.0001736 0.0007350 2

The estimate that is challenging to identify is the asymptotic variance of the random effect

COV(q, by). This estimate is located in the n row and n column of the asymptotic covariance matrix
for the variance component estimates, where n is the location of the COV(a; , b) in the covariance
matrix for the random effects. For example in our matrix the COV(a; , by) is located in the 13"
element of the asymptotic covariance matrix for the variance component estimates:

SY SM SMX SYX SYM

SY 1
SM 2
SMX 4
SYX 7 10
SYM 11 12 13 14 15

Therefore the asymptotic variance COV(a; , by) is located in the 13" row and 13" column of the
asymptotic covariance matrix for the variance component estimates.

Prepared by Ruth Mathiowetz and Daniel Bauer, 6/2/2008



Testing Indirect Effects for Lower level Mediation Models in HLM

As with the gamve.dat the values 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 tauve.dat output file and the
excel calculator.

P tauvc. dat - Notepad Q@@

File Edit Format  Wiew Help
| 0.2666021 0,0561617 0.01186932 -0.0174834 -0.0044512 ~
0.0561617 0. 6704540 0.0182832 -0.0061023 0.0091615
0.0118693 0.0182832 0.1181216 -0.0218558 0.0985146
ACOQV -0.0174634 -0, 0061023 -0.0218558 0.0311016 0.0061177
. -0.0044512 0.0091615 | D.0885146 0.0061177 0.1091824
matrix -’—? 0.0028850 0,0004257 0.0000857 0.0000975 0.0000150 0.0000025 -0.0000559 -0, 0000005
-0./0000032 -0.0001114 -0.0000770 -0.0000168 -0.0000024 0.0000575 -0. 0000986
row 1 0.0004297 0.0030225 0.0008974 0.0001168 0.0001196 0.0000055 -0, 0000206 -0. 0000603
-0.0000611 -0.0000021 0.0000250 -0.0000818 -0.0000007 -0. 0000004 -0.0000012
0.0000857 0,0008974 0.0124675 0.0000388 0.0004598 -0. 0001337 -0, 0000040 -0.0000538
-0, 0000070 -0,0000000 0.0000099 0.0001439 0.0000031 -0, 0000002 0.0000011
0,0000979 0,0001168 0,0000358 0,0008141 0.0001241 0.0000541 -0, 0000793 -0, 0000768
-0.,0000134 -0.0000002 0.0003701 0.0000532 -0.0000151 -0, 0000012 -0, 0000244
0.0000150 0,0001196 0.0004596 0.0001241 0.0016216 0.0001328 -0, 0000120 -0, 0001634
-0, 0000186 0.0000020 0.0000567 0.0007756 0.0000516 -0, 0000063 0.0000181
0.0000028 0,0000055 -0.0001337 0.0000541 0.0001328 0.0008741 -0, 0000051 -0, 0000143
-0, 000066 0.0000085 0.0000248 0.0000641 0.0004196 -0, 0000396 0.0001923
-0, OnOos &3 -0, 0000206 -0, 0000040 -0.0000753 -0, 0000120 -0, 0000051 0.0004561 0.0000721
0.0000169 -0.0000218 -0.0001469 -0.0000188 -0.0000025 -0, 0000105 0.0000077
-0, 0000005 -0, 0000609 -0.0000838 -0.0000768 -0.0001634 -0, 0000143 0.0000721 0.00108932
0.0000402 -0.0000141 -0.0000271 -0.0003706 -0.0000127 0.0000151 -0. 0000091
-0, 0000032 -0, 0000611 -0.0000070 -0.0000134 -0.0000186 -0. 0000566 0.0000169 0.0000402
0,0002535 -0.0000576 -0.0000098 -0,0000173 -0.0001219 0.0001448 -0, 0000930
-0,0001114 -0, 0000021 -0,0000000 -0,0000002 0.0000020 0.0000065 -0, 0000218 -0, 0000141
-0, 0000576 0.0003199 0.0000130 0.0000051 0.0000218 -0, 0000936 0.0000064
-0, 0000770 0,0000250 0.0000099 0.0002701 0.0000567 0.0000249 -0, 0001463 -0, 0000271
-0, 00000598 0.0000130 0.0007240 0.0001136 0.0000131 -0, 0000084 -0, 0000411
-0, 0000168 -0, 0000518 0.0001439 0.0000532 0.0007756 0.0000641 -0, 0000188 -0, 0003706
ACQV -0, 0000173 0.0000051 0.0001136 0.0016066 0.0000745 -0.0000153 0.00003587
matrix —’-} -0, 0000034 -0, 0000007 0.0000031 -0.0000151 0.0000516 0.0004196 -0.0000025 -0.0000137
0. 0001219 0.0000218 0.0000131 0.0000745 0.0005329 -0. 0000881 0.0004002
row 13 0.0000575 -0, 0000004 -0.0000002 -0.0000012 -0.0000069 -0. 0000396 -0, 0000105 0.0000151
0.0001448 -0.0000936 -0.0000084 -0.0000152 -0.0000861 0.0002769 -0.0001736
-0, 0000986 -0,0000012 0.0000011 -0.0000244 0.0000181 0.0001923 0.0000077 -0. 0000051
-0,0000930 0.0000064 -0.0000411 0.0000387 0.0004002 -0,0001736 0.0007950 2
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A,
% Calculator for Random Indirect and Total Effects in Multilevel Models
Equations frorm Bauer, Preacher and Gil, 2006

Fixed Effect and Variance-Covariance Parameter estimates
3 b '
Garnmas | 06119077 06112021 0.2200085|From GAMYC. DAT
Covariance Matrix of the Fixed effects
a b '
a 0.00213537 X X From GakYC DAT
b 0.00093013 ) 0.00204034 x
' -0.00020142) -0.00047303 0.00136707
Covariance Matrix of Random Slopes
alj) bij) c'()
al]) 01181218 X X
bij) 0. 1091524 X

e DLOETESSE 0.0061177 | 00311016

From TAWC. DAT

Estimated Sampling Variance for Estimated Covariance Between a(j) with

var[cov(a(j),b()] [ D.0005209] From TAUVC. DAT

Random Indirect Effect Fandom Total Effect

eq. 5 eq. B eq. ¥
Awerage “ariance Awarage
0472513871 018129353 06892522571
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Testing Indirect Effects for Lower level Mediation Models in HLM

Once all the estimates from both the gamvc.dat and the tauve.dat data files are input, the
spreadsheet 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 the normal sampling
distribution; the Monte Carlo (MC) method of constructing CI is not available with this calculator.

The final calculations:
A B | C | O | E | F | G | H

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

Fixed Effect and Variance-Covariance Parameter estimates

(o O Tl Il Il el el el Bl B el Bt

a b c'
Gammas | 06119077 06112021 0.2200085|From GAMYVC. DAT
Covariance Matrix of the Fixed effects
3 b c'
a 000213537 X X From GAMYC.DAT
b 0.00033018 0.00204034 X
c' -0.00020142 -0.00047303 0.00136707
Covariance Matrix of Random Slopes
al]) bij) c )
alj) 01181218 X X From TALWC. DAT
bij) 0.0935145 01091824 X
') -0.0218558 00061177 0.0311016

Estimated Sampling Variance for Estimated Covarlance Between a{j) with b{j) Random Effects

var[cov(alj),biji] [ 0.0005208]From TAUVC.DAT

Handom Indirect Effect

Fandom Total Effect

eq. 5 eq. B eq. ¥ eq. 8
Average “ariance Awerage “ariance
0.472513871| 0.18129353 0.692522371 0.19317044
30 [Handom Indirect Effect
3 eq. 5 sgrtfeq. 91 eqg. 1
32| Standard (95 % Caonfidence Interval (alpha=0.05)
33| Awerage Error Lowver Upper Fvalue p-value
34 0472513871 | 0.053115456 | 036840753 067662016 5.895976944 4 9091 E-17
35|
36 |
37 |Handom Total Effect
33 ey, 7 sorifeq. 10y eq. 12
39 Standard (95 % Caonfidence Interval (alpha=0.05)
40 Average Errar Lower Upper Lvalue p-value
41 0.692522371 | 0.057993134 | 0.567885553 0.80618891  11.94145445 7. 4595E-31

A7
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