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Abstract

Background: The Multiple-indicator, multiple-cause model (MIMIC) incorporates covariates of interest
in the factor analysis using structural equation modeling framework. The model provides rigorous
results and becomes broadly available in multiple statistical software. The current study introduces
the MIMIC model and how it can be implemented using statistical software SAS CALIS procedure, R
lavaan package, and M plus version 8.0.

Methods: In this paper, we first discussed the formulation of the MIMIC model with regard to model
specification and identification. We then demonstrated the empirical application of the MIMIC model
with the Midlife in the United States Il (MIDUS II) Study (N=4,109) using SAS CALIS procedure, R
lavaan package and M plus version 8.0 to examine gender disparities in cognitive functioning. The
input, output, and diagram syntaxes of the three statistical software programs were also presented.
Results In terms of data structure, all three statistical programs can be conducted using both raw
data and empirical covariance matrix. While SAS and R are comprehensive statistical analytic
packages and encompass numerous data manipulation capacities, M plus is designed primarily for
structural equation modeling and therefore is limited in data manipulation. Differences in model
results from the three statistical programs are trivial. Overall, the results show that while men show
better performance in executive function than women, women demonstrate better episodic memory
than men.

Conclusions: Our study demonstrates the utility of the MIMIC model in its empirical application, fitted
with three popular statistical software packages. Results from our models align with empirical findings
from previous research. We provide coding procedures and examples with detailed explanations in
the hopes of providing a concise tutorial for researchers and methodologists interested in
incorporating latent constructs with multiple indicators and multiple covariates in their research

projects. Future researchers are encouraged to adopt this flexible and rigorous modeling approach.
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Figure 1
A one-factor MIMIC model
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Figure 2

The path diagram of the MIMIC model - Initial Specification



ods graphics onr
=proc calis data = rdata modification method = ml;

path

/¥ measorement model for Episodic Memory™®/

FL --——> UniItemI = lambdal,

Fl --—> Unilteml = lambdaZ,

/¥ measurement model for Executive Function®/

F2 —-——> DgCSpan =lambdas ,

F2 ---& UniltemF = lambdad,

F2 -——> HmSr = lambdal,

F2 ---» BmZorr = lambdag,

F2 ---» 3GE5T = lambda?,

7 stractural model =/

age ---> Fl = gammall,

age ---»> F2 = gammall,

gender —-» FI = gammalZ?,

gender ---> F2 = gammalz,

“--» F1 = 1.0

<> F2' = 1.0 ,

<--* age = vage,

<-—» gender = wgender,

«<--* UniltemI UniltemD DgtSpan UniltemP HmSr MmCorr SGST =

episll episl? episll episld epislh episle episll:

¢* gepclfy Che error {disturbance) covariance®*/
jal=leyl

FL F2 = cowrFlF2,

age gender = covhgedsendar:
pathdiagram

diagram = unstandard exogoow

title = " MIMIC MODEL"®

labsl [ F1 = "Episodic Memory®™

F2 = "Executive Functisning"]

fitindex = [nobs chisg df prebchi srmr rmsea cfl aic]s
fitindex onfenly]l = [chisg d4f probchi 11 _rmsea ul_rmsea rmsea srmr bentlercfi]:
Eun;
ods graphics cffy

Figure 3

SAS syntax for the MIMIC model
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Figure 4

SAS Diagram generated from the pathdiagram statement in SAS syntax

Title: MIMIC modsl
data: Tile is "C:\Uaers\chisg\Drophox\MIDTS\DatalSetCleanedivdaTtalNA.oxC":
variable: HNamea are Age Gender ¥r ItemT HuBepl HnIntI ItemD HomBepD HoIntD
DgtSpan ItemF NmBEepF MmIntTF NmSr l=tim NmFrr NmCorr S5G5T:
usevariables arze Age Gender ItemI ItemD TtemP Dgtdpan Hmdzxz NmCorx 3G3T;
modeld :

Ex=Fun by ItemB™ Dgtipan Hm3r HmCorxr 3G3T:

EpiMen by ItemI* LtemD;

EpiMem E1:

ExaFun 3d1:

ExzeFun EpiMem on Age G=nderc;

output: tcechl modindices;

Figure 5

Mplus input code for the MIMIC model
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Mplus Diagram for the MIMIC model
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# write out the measuremert mode]l and the structure model
model <- °

EpiMem =- uniIteml + UniLltemD

EXeFun =~ Dgtspan + UniItemF + NmS- + NmCOrr + SGST
EpiMem + ExeFun ~ Age + Gender

# fit 3em uing sem function in the 'Tavaan' packaope
fit «- sem(model, data = datal, std.lv = T)
summary (fit, fit.measures = T, standardized = T)

Figure 7

R code for the MIMIC model




# plot the diagram
= semPaths{fit, what = "mod". whatLabels = "Parameters”, styvle = "OpenMx", edgewidth =

0.1, edge color = "black™)

Figure 8

R code for the MIMIC model diagram
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Figure 9

the MIMIC model Diagram from R semPlot package




