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STUDYING CHILD DEVELOPMENT

Identifying variables that underpin development

• Are children’s math achievement associated with their 
executive functioning?

• Are motor skills related to children’s math performance?

• Is socioeconomic status related to children’s executive 
functioning?

• Questions are correlational in nature and can theoretically be 
answered by data collected at the same time point
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Question

Are individual differences in children’s working memory explained 
by family socioeconomic status and parents-related variables?

Working memory

• Corsi, backward digits, animal updating

SES

• Education, income, household size & type, financial sufficiency

Parents

• Psychological distress, parenting style, home learning 
environment
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WM REGRESSED ON THE EXPLANATORY 
VARIABLES
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STRESS, ENVIRONMENT, PARENTING 
STYLES
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Duran et al. (2020)



STUDYING CHILD DEVELOPMENT

• Are children’s math achievement associated with their executive 
functioning?

• Are motor skills related to children’s math performance?

• Is socioeconomic status related to children’s executive functioning?

Implicit in these questions is a more fundamental question: What 
causes development?

• Is children’s math performance causally related to their executive 
functioning or motor skills?

• Does variation in socioeconomic status cause changes in children’s 
executive functioning?
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DETERMINING CAUSATION

At least three conditions need to be satisfied

• Covariation

• Temporal precedence

• Ruling out alternative explanations
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LOGICAL DIFFICULTIES

Causation

At least three conditions need to be 
satisfied

• Covariation

• Temporal precedence

• Ruling out alternative explanations

Cross-sectional designs
• Covariation is established by 

examining the strength and direction 
of the association

• Establishing that X is associated 
with Y, in itself, does not provide any 
empirical evidence of temporal 
relations; X <--> Y ≠ XàY or XßY

• Covariation does it rule out the 
possibility that the association is 
caused by unmeasured variables 
(e.g., weight & height)
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EMPIRICAL DIFFICULTIES

Strength of associations from cross-sectional data are often 
misleading when they are used to depict longitudinal relations

• Maxwell & Cole (2007) Considered optimal 
scenarios where there are complete 
mediation (i.e., addition of M in 
explanatory results in XàY ~ 0)

• All three parameters are negatively or positively
biased depending on the relative stabilities of X and M

• Main problem is that cross-sectional models fail to take
account of correlations between variables across time points
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EXAMPLES OF 
LONGITUDINAL 
DESIGNS



TWO TIMEPOINTS

• Intervention 

• Testing for underpinning processes

• Testing for reciprocity of effects
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Ang et al., 2019

• 6 to 7-year-olds (N = 70) with learning 
difficulties in math assigned to treatment and 
control

• Pretest & posttest

• Working Memory Test Battery for Children ; 
Updating; WISC; WIAT; Schonell; BLAB

• Training

• Four adaptive games based on the running 
span and keep track paradigms

• 30 min/day; twice/week ~ 10 weeks

• Control 

• Passive 

• Active; same dosage as training but no 
mnemonic component

TESTING THE EFFICACY OF 
UPDATING/WM INTERVENTION



TESTING FOR UNDERPINNING 
PROCESSES
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TESTING FOR RECIPROCITY OF 
EFFECTS
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THREE TIMEPOINTS

• Intervention with tests for long-term effects

• Testing for mediation

• Testing for the shape of growth
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INTERVENTION WITH TESTS FOR 
LONG-TERM EFFECTS
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TESTING FOR MEDIATION
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Incomplete 
temporal 
separation



TESTING FOR THE SHAPE OF GROWTH
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TESTING FOR THE SHAPE OF GROWTH
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MORE THAN THREE TIMEPOINTS

• Testing for multi-layered mediation

• Testing for more complex patterns of growth
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TESTING FOR MULTI-LAYERED 
MEDIATION
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TESTING FOR MORE 
COMPLEX PATTERNS OF 
GROWTH
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STATISTICAL 
MODELS



SIMPLE REGRESSION

TITLE: 
this is an example of a linear 
regression for a continuous 
observed dependent variable with 
two covariates

DATA: 
FILE IS ex3.1.dat;

VARIABLE: 
NAMES ARE y1-y6 x1-x4;
USEVARIABLES ARE y1 x1 x3;

MODEL: 
y1 ON x1 x3;

Input examples from Muthen & Muthen (2013) Mplus User’s Guide.

x1

x3

y1

ey1



LOGISTIC REGRESSION

TITLE: 
this is an example of a logistic 
regression for a categorical observed 
dependent variable with two covariates

DATA: 
FILE IS ex3.5.dat;

VARIABLE: 
NAMES ARE u1-u6 x1-x4;
USEVARIABLES ARE u1 x1 x3;
CATEGORICAL IS u1;

ANALYSIS: 
ESTIMATOR = ML;

MODEL: 
u1 ON x1 x3;

Input examples from Muthen & Muthen (2013) Mplus User’s Guide.

x1

x3

u1

eu1



MEDIATION ANALYSIS

TITLE: 
this is an example of a path 
analysis with continuous 
dependent variables

DATA: 
FILE IS ex3.11.dat;

VARIABLE: 
NAMES ARE y1-y6 x1-x4;
USEVARIABLES ARE y1-y3 x1-x3;

MODEL: 
y1 y2 ON x1 x2 x3;
y3 ON y1 y2 x2;

Input examples from Muthen & Muthen (2013) Mplus User’s Guide.



AUTOREGRESSIVE MODEL

Figures from APA ATI 2010

MODEL:
norw4 ON norw3;
norw3 ON norw2;
norw2 ON norw1;



MORE COMPLEX 
MODELS



PARALLEL GROWTH PROCESSES



AUTOREGRESSIVE MODEL WITH LATENT MEASURES



TWO AUTOREGRESSIVE CHAINS



FOUR AUTOGRESSIVE CHAINS WITH LATENT AND MANIFEST 
MEASURES



WE ARE MISSING SOMETHING!



MODELLING STRUCTURED RESIDUALS
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See Lee, Ng, & Bull (2018) Dev Psych



MODEL SPECIFICATION

MODEL:

  !Specify latent measure

  R1 BY NPpct1r FMpct1r (RM) FNpct1r (RN);

  R2 BY NPpct2r FMpct2r (RM) FNpct2r (RN);

  R3 BY NPpct3r FMpct3r (RM) FNpct3r (RN);

  R4 BY NPpct4r FMpct4r (RM) FNpct4r (RN);

  [NPpct1r - NPpct4r] (IP);

  [FMpct1r - FMpct4r] (IM);

  [FNpct1r - FNpct4r] (IN);

! Create Random intercepts/growth terms

  i_r s_r | R1@0 R2@1 R3* R4*; i_r WITH s_r*;

  ! create "phantom factors" to define the time-
specific residuals;

  R1res BY R1@1;R2res BY R2@1;R3res BY R3@1;R4res 
BY R4@1;

  !Estimate variance of phantoms

  [R1-R4@0];R1-R4@0;[R1res-R4res@0];R1res;R2res-
R4res (1);

  !Specify AutoRegression between phantoms

  R2res-R4res PON R1res-R3res;



ACCELERATED DESIGN



MODEL SPECIFICATION

VARIABLE:

USEVARIABLES ARE NOrw1r NOrw2r NOrw3r NOrw4r;

GROUPING = 
level (0 = K2 2 = P2 4 = P4 6 = P6);

MODEL: 

!Autoregression

NOrw4r ON NOrw3r; 
NOrw3r ON NOrw2r; 
NOrw2r ON NOrw1r;

Model K2:
NOrw4r ON NOrw3r (1); NOrw3r ON NOrw2r; NOrw2r ON 
NOrw1r;
Model P2:
NOrw4r ON NOrw3r (5); NOrw3r ON NOrw2r; NOrw2r ON 
NOrw1r (1);
Model P4:
NOrw4r ON NOrw3r (9); NOrw3r ON NOrw2r; NOrw2r ON 
NOrw1r (5);
MODEL P6:
NOrw4r ON NOrw3r ; NOrw3r ON NOrw2r; NOrw2r ON 
NOrw1r (9);



SOME PRACTICAL 
CONSIDERATIONS



ALTERNATIVES FOR CROSS-
SECTIONAL DATA
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RUNNING A MULTI-WAVE LONGITUDINAL STUDY

Funding and duration

• Typically expensive

• Estimate double the amount of time needed

• Consider accelerated, planned missing, intensive multiple 
time point designs if theoretically defensible 

Forming and managing a team

• Admin support

• Small full time team supported by part-timers

Recruitment – keeping participants engaged

• Performance reports,  briefings,  compensation, address 
needs & benefits
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