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Intro
d

uctio
n

W
e are evaluating the effi

cacy of an early 
childhood science education curriculum

 
(H

ead Start on Science; Ritz, 2007) and 
teacher professional developm

ent 
program

 for im
proving the follow

ing 
in settings serving low

-incom
e, diverse 

children and fam
ilies:

• Teachers’ attitudes and practices 
related to science instruction.

• Children’s scientific reasoning and 
know

ledge, language, m
ath, and 

socioem
otional outcom

es.
• Parents’ attitudes about the value of 

science education and provision of 
opportunities for exposure to science 
for their children.

O
b

jective
W

e w
anted a reliable m

easure of 
preschool children’s ability to regulate 
em

otions that w
as com

parable both over 
tim

e and across classroom
s. 
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Param
eter Type

Priors
Constraints

Factor loadings
N

(0,1)*
Free for w

ithin tim
e 1; w

ithin tim
e 2; betw

een = w
ithin.

Latent &
 res. variances

IW
(1,3)**

W
ithin res. variances = 1 (theta param

eterization).
Latents vovariances

IW
(0,3)**

Free.
Latent m

eans
N

/A
Fixed = 0

 for identification.
R

es. covariances
IW

(0,3)**
Free longitudinally, else fixed = 0.

Thresholds
N

(0,5)**
Free (constraints not supported).

*Inform
ative, low

ers bias (A
sparouhov &

 M
uthen, 20

10
).   **N

on inform
ative (Liang &

 Yang, 20
14).

Find
ing

s
M

odel fit w
as adequate, but far from

 ideal. A
dding approxim

ate zero 
cross-loadings w

ith inform
ative priors m

ay im
prove m

odel fit (M
uthén &

 
A

sparouhov, 2012). 

O
ur m

odel of regulatory skills and tem
peram

ent m
easures dem

onstrates:
• Substantial non-independence due to classroom

-level variability (ICCs ≥ .15 
for all individual item

s and for the latent factors).
• Sim

ultaneous longitudinal and cross-level m
etric invariance w

ith teachers’ 
ratings of children for both factors.

• H
igh com

posite reliability across tim
e and level for both factors. 

• Bayes factors testing w
hether betw

een-classroom
 residual variances < 0.01 

all suggest thresholds are not invariant across classroom
s

M
odel

Sam
pler

Chains
BITER

Thin
Convergence

# Param
.95%

 Cl ( χ
2O - χ

2R
PPP

C
onfigural M

I
G

ibbs PX
1

4
(10,0

0
0

)
10

0
0.0

1
132

[-14.58, 142.10
]

0.0
56

M
etric M

I
G

ibbs PX
1

4
(10,0

0
0

)
10

0
0.0

1
10

8
[-12.16, 141.96]

0.0
51

Factor/Item
Tim

e 1
Tim

e 2
T1<->T2

ICC
R

2W
R

2B
ICC

R
2W

R
2B

rW
rB

R
egulatory skills (R

S)
1. Transitions w

ell from
 one activity to another

.17*
.78

.80
.18*

.80
.83

.33*
.21

2. C
an recover quickly from

 upset or distress
.18*

.68
.69

.19*
.71

.73
.29*

.34
3. Is able to delay gratification

.31*
.30

.14
.22*

.33
.27

.22*
.76*

4. C
an say w

hen s/he is feeling sad, angry or m
ad, 

fearful or afraid
.15*

.16
.19

.20
*

.18
.16

.33*
.32

Tem
peram

ent (TE)
5. [D

oes not] exhibit w
ide m

ood sw
ings

.18*
.57

.51
.21*

.64
.52

.16
.32

6. Is [not] easily frustrated
.17*

.73
.68

.18*
.78

.77
.0

0
.24

7. Is [not] prone to angry outbursts/tantrum
s easily

.16*
.77

.78
.17*

.82
.85

.30
.0

2
8. Is [not] im

pulsive
.20

*
.46

.34
.22*

.53
.39

.47*
.60

*
N

ote: Likert form
at: 1. R

arely/never; 2. Som
etim

es; 3. O
ften; 4. A

lm
ost alw

ays. *p < .0
5.

D
iscussio

n
The ERC w

as developed w
ith single-

level sam
ples and single-level analyses. 

O
ur w

ork is the first to exam
ine its 

psychom
etric properties in a m

ultilevel 
sam

ple w
ith m

ultilevel analysis. W
e 

constructed tw
o factors (regulatory skills 

and tem
peram

ent) that dem
onstrate 

good reliability and m
etric invariance. 

Single level analyses of parents’ ERC 
ratings of the children yielded a sim

ilar 
factor structure w

ith longitudinal 
m

etric invariance for regulatory skills 
and tem

peram
ent (results om

itted for 
brevity). This increases the utility of the 
m

easures w
e created. 

Softw
are lim

its prevented directly 
testing longitudinal scalar invariance. 
Equivalence tests (M

ascha &
 Sessler, 

2011) on thresholds via inequality 
hypotheses (van de Schoot et al., 2012) 
m

ay be a viable alternative; w
e w

ill 
investigate this option soon. 

Cross-level scalar invariance im
plies 

perfect betw
een-classroom

 reliability  
(ω

 = 1) because residual variances m
ust 

be zero (G
eldhof et al., 2014; Jak et al., 

2014). So, our high reliabilities (ω
 ≥ .78) 

suggest that the cluster bias caused 
by threshold non-invariance across 
classroom

s is sm
all enough to proceed 

w
ith exam

ining intervention effects. 

R
esearch D

esig
n and

 M
etho

d
s

M
ulti-site, cluster random

ized longitudinal design w
ith tw

o 2-year cohorts.
• 8 sites (H

ead Start program
s serving racially/ethnically diverse populations).

• 66 classroom
s random

ly assigned to intervention vs. control. Ten classroom
s dropped out 

before child data collection, leaving 56 for this analysis.
• 522 children w

ere rated by their teachers. Each teacher rated m
ultiple children (M

ean N
j = 9.3).

• 2 sets of ratings per child (Tim
e 1 in Fall, Tim

e 2 in Spring).

Both teachers and parents rated children on the 24-item
 Em

otion Regulation Checklist (ERC; Shields 
&

 Cicchetti, 1997, 1998; M
iller et al., 2004).

• 4-point Likert response form
at (treated as ordinal data).

• W
e could not replicate the published factor structure, so w

e used item
 content to select 8 core 

item
s for further analysis.

M
ultilevel EFA

 w
ith half the Tim

e 1 data suggested tw
o 4-item

 factors: regulatory skills and 
tem

peram
ent. W

e report the final m
ultilevel CFA

 on the full dataset of teachers’ ratings here. 
• U

sed Bayesian estim
ation to better handle sm

all classroom
 sam

ple size (H
ox, Van de Schoot, &

 
M

atthijsse, 2012; M
uthén &

 A
sparouhov, 2012) and ordinal indicators (Liang &

 Yang, 2014). 
• Estim

ated ICC for latent factors and item
s (Jak, O

ort, &
 D

olan, 2014).
• Estim

ated level-specific reliability (ω
) of factors (G

eldhof, Preacher, &
 Zyphur, 2014; Raykov &

 
M

arcoulides, 2011).

W
e tested m

easurem
ent invariance longitudinally (Coertjens et al., 2012) and across levels (Jak et 

al., 2014) sim
ultaneously.

• Longitudinal residual correlations am
ong parallel item

s are m
ethod effects.

• Tested for exact configural invariance first (loadings free across tim
e &

 level).
• Tested for exact m

etric invariance (equal loadings across tim
e &

 level).
• Bayesian estim

ator doesn’t support threshold constraints in m
ultilevel m

odels, preventing tests 
of exact longitudinal scalar invariance. 

B
etw

een C
lassro

o
m

s (J =
 56

 teachers)

W
ithin C

lassro
o

m
s (N

 =
 522 child

ren; M
ean N

j  =
 9

.3)
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d
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 .0
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  CHILD CHARACTERISTICS (N = 522)
Variable n (%)

Female 262 (50.2%)

Hispanic 125 (24%)

Race

AA 74 (16%)

AI/NA 23 (5%)

White 247 (52%)

Other 127 (27%)

Age (years) 3.7 (SD = .48)
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