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DOES NUMBER OF LEVEL-2 UNITS IN MULTILEVEL STRUCTURAL
EQUATION MODELING MATTER?
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Abstract: How to determine the number of level-2 units in multilevel structural equation modeling (MSEM) as a standard applied to
nested or hierarchical data structure was still unknown. This research used Canada data in the large database “Programme for Interna-
tional Student Assessment 2003” (PISA 2003) to check the model-fit indexes and parameters stability in our proposed empirical
example processed by MSEM under different numbers of level-2 units. Our proposed example model was first be handled to fit Canada
data (26884 students, 948 schools), and then the stabilities of the estimated parameters in the example model under 120, 240, 360, 480,
600, 720, 840 level-2 units were compared. Level-1 units in each school less than 10 students will be crossed out in advance. Besides,
intraclass correlations of all variables were controlled in a specified range in different numbers of level-2 units. Finally, we found the
ratio of the number of level-2 units relative to the number of estimated parameters of between-level in the multilevel model were 8:1.
Keywords: Multilevel structural equation modeling, Intraclass correlation, PISA 2003

1. INTRODUCTION

“Multilevel” is an important concept in survey data
collection and analyses. When research data are collected
from hierarchical sampling design, or when nested data
structure are obtained due to cluster sampling or multi-
stage sampling, traditional statistical analysis methodology
would be improper for these data [1, 2, 3]. This kind of
data derived from clustered or hierarchical sampling
designs should be better analyzed by the statistical meth-
ods considering data property with clustered, hierarchical
or multilevel characteristics. When multilevel characteris-
tics of data are dealt with traditional statistical analysis,
the chi-square test of model fit is often inflated, particu-
larly for data with large intraclass correlation (ICC), large
group sizes, and highly correlated variables; therefore
better fit statistics can not be provided [4, 5, 6, 7].

In this study, we would focus on the number of level-2
units in multilevel analysis. When number of between-
level groups gradually increased, the inadmissible
solutions gradually decreased [8]. Although more level-2
units could be beneficial to obtain admissible solutions
and to reduce biases of estimates and standard errors [8],
there were no guidelines for us to follow. As a matter of
fact, even the appropriate sample size in the traditional
structural equation modeling analysis thus far has been
inconclusive. An exhaustive examination of the effects on
structural equation modeling based on maximum likeli-
hood estimator by Monte Carlo simulation showed that
samples fewer than 100 subjects were destructive to ML
estimator and larger than 200 subjects were suggested [9].
Tanaka pointed out that there was some agreement on
sample-size appropriateness by considering the ratio of
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the number of subjects to the number of parameters esti-
mated in structural equation modeling with latent
variables[10]. Although he did not offer a suggestion
about the ratio, he actually explained why the transforma-
tion from concerning the ratio of the number of subjects to
the number of variables in multiple regression analysis to
concerning the ratio of the number of subjects to the
number of parameters estimated. Kline indicated that
although no absolute standards in the literature of struc-
tural equation modeling were offered on the ratio, he
suggested the ratio 20:1 be a desirable goal and the ratio
of 10:1 be a more realistic target [11].

In regard with the number of level-2 units in multilevel
structural equation modeling, in general, though no
conclusive suggestion is followed, a larger sample size
was usually recommended and preferred [12] that ICC
calculated from a small number of groups might not
produce reliable estimates and it would be most useful
when calculated based on beyond 30 groups. In addition,
some studies suggested 50 to 100 groups with at least two
individuals nested within each group for multilevel cova-
riance structure modeling [3, 4], but the complexity of
model was not taken into account in their suggestions.
Hence, even groups less than 50 may be enough to get a
good model fit. For example, in a study [6] where multi-
level confirmatory factor analysis model was used to
extract one factor from four measurement items on moti-
vation, and a surprising good model fit of group-level
structure based on only 39 groups. However, in another
study where two factors with six measurement indexes
were modeled in within-level model and only one factor
in between-level model, the finding showed that inadmis-
sible estimate problem occurred in the between-level



model when group-level sample size was small (50 groups
in his research) and ICC was low [8]. Hence, A conclusion
was made that the group-level sample size at least 100
would be a better way to deal data with unbalanced groups
under Muthén’s pseudo-balanced solution [8].

In sum, it seemed that the number of level-2 groups at
least larger than 30 and the number that did not result in
failure in iteration procedures were necessary conditions
for multilevel data analysis, but the complexity of model
was still not be taken into account to guide reasonable
number of level-2 units. Maybe larger level-2 units were
good suggestion, nonetheless, just as the chi-square value
would be inflated in conventional structural equation
model when the number of subjects was too large. Ratio-
nally, too large number of level-2 units might also result in
inflated chi-square value. Therefore, to formulate an easy
regulation for researchers to execute sampling work was
an important and meaningful event.

Before checking the number of level-2 units, we had to
decide a multilevel model. We adopted “the direct consen-
sus model” based on variable type [15] to extend the same
relationships from within-level structure to between-level
structure. This was consistent to “homologous multilevel
model” [16], which meant that both constructs and func-
tional relations of these constructs in different level were
identical. The structure part of the multilevel model was
shown in Figure 1, symbol “TEACHSU” represented
teacher support perceived from students, “INTMAT”
represented interest and enjoyment for learning mathemat-
ics, “MATHEFF” represented mathematics self-efficacy,
“INSTMOT” represented instrumental motivation to learn
mathematics, and “MATH” represented mathematics
performance.
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2. METHOD

Subjects

All subjects in this study were obtained from Canada in
PISA 2003 [17]. Totally, 26,884 15-year-old students from
948 schools were used in multilevel analysis. We deleted
some schools with students fewer than 10 in advance to
avoid some outlier cases. Hence, there were at least 11
students in each retrieved school. The reason why we
chose Canada data was there were enough level-2 units to
process between-level structural equation modeling.

We used all 26,884 subjects from 948 schools for multi-
level structural equation modeling analysis to fit the
proposed model. Next, we randomly sampled seven
different samples from 948 schools with replacement.
These seven samples were of different number of schools
as 120, 240, 360, 480, 600, 720, 840 schools with 3358,
6959, 10542, 13440, 17160, 20583, and 23900 subjects,
respectively.

Instrument

The measurement indicators were retrieved from student
questionnaires in PISA 2003 database. We used all items
involving five main factors in my proposed structural
equation models, and then exhibited their intraclass corre-
lation (ICC) as shown in Table 1. All analyses were
handled with statistical software Mplus 4.0 [18].

3. RESULTS

The multilevel structural equation modeling analysis
was processed simultaneously based on Spy and 2,
matrixes in respective level. The important parameter
estimates were presented in Figure 2. Note that all param-

eter estimates were under admissible solutions in
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Figure 1: Two-level structural model of the homologous multilevel model.
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student-level model and school-level model except that
two of four mathematics grades indicators in school-level
model were fixed as 0.002 for identification purposes. The
degrees of freedom of the multilevel model could be
calculated with respective level and then they were
combined together. That is, [25x(25+1)/2-60]+
[25%(25+41)/2-60+2]1=265+267=532.

Since the multilevel structural equation model using
948 schools gave a good model fit as shown in Table 2, the
effects of level-2 sample sizes were in turn assessed under
seven different sets of school-level samples, which were
randomly derived with replacement from 948 schools of
Canada from PISA 2003 database. These seven sets of
samples were arranged to suit the multilevel structural
equation model respectively. We would first focus on the
comparisons of model-fit indexes in these different level-2

sample sizes, and then the parameter estimates and their
estimated standard errors of the multilevel structural
equation model were compared in different level-2 sample
sizes. In order to have a reference we also listed the results
from 948 schools.

As school-level sample sizes increased from 120 to 948,
the total sample sizes inevitably became larger gradually.
But the average school size and average ICC of the twenty-
five variables were controlled within a limited range. As
shown in Table 2, as the school-level sample sizes
increased, the average school sizes were almost the same
at 28 students or so and the average ICC values were
similar with few changes from 0.064 to 0.071. In addition,
as expected, the y* values gradually increased as total
sample sizes or school-level sample sizes increased.
However, the model-fit indexes CFI, TLI, RMSEA and

Table 1: ICC for each indicator of the five factors

Mathematics INTMAT INSTMOT MATHEFF TEACHSU
content ICC item ICC item ICC item ICC item ICC
Gl 0.133 11 0.037 12 0.033 El 0.060 T1 0.078
G2 0.171 13 0.050 15 0.042 E2 0.062 T2 0.072
G3 0.166 14 0.041 17 0.032 E3 0.047 T3 0.074
G4 0.142 16 0.049 18 0.035 E4 0.045 T4 0.079
ES 0.055 TS5 0.059
E6 0.055
E7 0.045
E8 0.043
-0.009/0.072
0.035/-0.005
\ X 0.897/0.914 0.137/0.562
0.863/0.446
-0.175/0.181
ol >
0.130/0.232
0.407/0.144 0.096/0.147

/

Figure 2: Two level structural model.

Note. Parameter estimates denote: between-level figure/within-level figure
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within-level SRMR almost did not change as school-level
sample sizes increased; namely, they were almost compa-
rable in different school-level sample sizes. The exception
was SRMR model-fit index for the between-level model.
As school-level sample sizes increased, the school-level
SRMR gradually decreased.

Moreover, although total sample sizes were large, the
CFI, TLI, RMSEA and student-level SRMR were almost
no change as school-level sample sizes increased, this
might suggest that these model-fit indexes were insensi-
tive not only to the different school-level sample sizes but
also to the total sample sizes. Besides, since different
school-level sample sizes were manipulated and some
confounding sources were controlled in the experiment,
and the school-level SRMR with obvious changes was the
only corresponding outcome, the school-level sample
sizes actually determined the degree of goodness-of-fit of
between-level model. Hence, only school-level SRMR
could help to determine how many level-2 units were
sufficient to process the level-2 structural equation model-
ing under multilevel structural equation modeling
condition. Note that if the SRMR below 0.08 was consid-
ered to be regular standard guideline, as mentioned earlier,
a sample of level-2 units at least about 480 schools was
necessary in this study. From the regular standard of the
school-level SRMR of 0.08, the ratio of school-level units
to the number of parameter estimates would be 480/(58 or
60), equal around to 8 in this study. That is, there is at least
eight times or so for the level-2 units relative to the number
of parameter estimates. The ratio is close to the “ten times”
regular standard guideline in conventional structural equa-
tion modeling as suggested in Kline’s book [11].

Thus far the degree of goodness-of-fit in multilevel
structural equation modeling had been checked. In what
follows, the parameter estimates and their estimated stan-
dard errors were compared in different school-level
sample sizes. The stability of parameter estimates was
emphasized especially for between-level model part.

In regard with within-level model, the estimates of
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factor loadings and residual variances, and their estimated
standard errors for the within model of multilevel struc-
tural equation modeling were presented in Table 3 and
Table 4. All parameter estimates in Table 3 and Table 4
were significant. The factor loadings and residual vari-
ances in within model were almost the same across the
different school-level sample sizes, and their estimated
standard errors, as expected, gradually decreased as
school-level sample sizes increased. Similar findings also
occurred to other parameter estimates in within model,
such as structural paths, factor variances, and their esti-
mated standard errors, as shown in Table 5. Although there
existed one or two estimates with relatively change across
the different school-level sample sizes in Table 5, such as
the relationship of MATHEFF regressed on TEACHSU,
the significances of the estimates were of consistence. In
sum, the stabilities of parameter estimates in within-level
model represented that the number of level-2 units actu-
ally did not affect level-1 parameter estimates even in the
size of 120 schools.

As for between-level model, the estimates of factor
loadings and residual variances, and their estimated stan-
dard errors for the between-level model of the multilevel
structural equation modeling were listed in Table 6 and
Table 7. These estimates in Table 6 and Table 7 were all
significantly different from zero at 0.05 significance level
and their estimated standard errors, as expected, roughly
decreased as school-level sample sizes increased. Note
that these parameter estimates were a little unstable when
school-level samples were lower than 240 schools, such as
factor loading of item I3, 14, 16, I8, and residual variances
of item G1, 16, E1, E4, E7, and T3. Besides, it was still
several estimates were unstable at the 360 school-level
sample size, such as factor loadings of item I3 and IS8.

Next, we checked for other parameter estimates in
between-level model, such as structural paths, factor vari-
ances, and their estimated standard errors in Table 8.
These parameter estimates in Table 8 changed dramati-
cally as school-level sample size varied, especially as

Table 2: Model-fit indexes of different school-level sample sizes.

1
T e shoolape MRICC i cR T RMSEA iR
120 3358 27.871 0.071 3123.947 0.953 0.948 0.038 0.092/0.035
240 6959 28.935 0.066 6123.788 0.952 0.946 0.039 0.090/0.037
360 10542 29.248 0.064 9184.205 0.952 0.946 0.039 0.084/0.036
480 13440 27.980 0.070 11220.048 0.953 0.947 0.039 0.076/0.036
600 17160 28.581 0.071 14616.772 0.952 0.946 0.039 0.073/0.036
720 20583 28.570 0.067 17378.802 0.952 0.946 0.039 0.075/0.036
840 23900 28.439 0.067 19687.186 0.953 0.947 0.039 0.069/0.036
948 26884 28.346 0.068 22150.368 0.953 0.946 0.039 0.069/0.036
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school-level sample sizes were small. Specifically, most
structural paths were quite unstable when school-level
samples were fewer than 360 schools, and other parameter
estimates were unstable when school-level samples were
fewer than 240 schools. Therefore, the number of schools
beyond 480 or so would be a good choice to have rela-
tively stable parameter estimates. Take the structural path
from INSTMOT to MATH for example, the path coeffi-
cient unstably changed from 3.250, 1.758, to 0.672 when
corresponding school-level sample sizes were 120, 240,
and 360 respectively, and then stably changed from 1.096,
1.025, 0.837, 1.241, to 1.147 when corresponding school-
level sample sizes were 480, 600, 720, 840 and 948
respectively. As for all estimated standard errors of these
estimates still, as expected, roughly decreased as school-
level sample sizes increased.

As a matter of fact, it was not easy to determine the
plausible number of level-2 units based on the stabilities
of between-level parameter estimates. As found in Table
8, the changes in structural paths were rather irregular.
Nonetheless, the number of 480 schools was the best
choice for all. Now the ratio of between-level sample sizes
to the number of parameter estimates could be calculated
as 480/(58 or 60), equal to around 8. That is, at least eight
times for the number of level-2 units to the number of
parameter estimates was warranted for stable estimates.

In sum, from the outcomes of the model-fit indexes and
the stabilities of parameter estimates in multilevel struc-
tural equation modeling analysis, the plausible ratio of the
number of level-2 units to the number of parameter esti-
mates was 8:1.
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Table 3: Estimates of factor loadings and their standard errors of the within-level model.

Number of Schools

120 240 360 480 600 720 840 948
MATH
Gl 1.000" 1.000" 1.000" 1.000" 1.000" 1.000" 1.000* 1.000"
G2 1.055 1.058 1.060 1.064 1.064 1.063 1.061 1.062
(0.010) (0.007) (0.006) (0.005) (0.005) (0.004) (0.004) (0.004)
G3 1.033 1.040 1.045 1.042 1.046 1.044 1.040 1.043
0.011) (0.007) (0.006) (0.005) (0.005) (0.004) (0.004) (0.004)
G4 1.035 1.042 1.037 1.039 1.041 1.040 1.039 1.040
0.011) (0.008) (0.006) (0.006) (0.005) (0.005) (0.004) (0.004)
INTMAT
I1 1.000" 1.000" 1.000" 1.000" 1.000" 1.000" 1.000" 1.000"
13 1.146 1.128 1.098 1.106 1.109 1.114 1.110 1.112
(0.023) (0.015) (0.012) (0.011) (0.010) (0.009) (0.008) (0.008)
14 1.243 1.246 1.235 1.230 1.222 1.238 1.229 1.231
(0.024) (0.016) (0.013) (0.011) (0.010) (0.009) (0.008) (0.008)
16 1.110 1.108 1.116 1.100 1.104 1.112 1.107 1.108
(0.023) (0.015) (0.012) (0.011) (0.010) (0.009) (0.008) (0.008)
INSTMOT
12 1.000° 1.000" 1.000" 1.000" 1.000" 1.000" 1.000" 1.000"
15 0.949 0.938 0.943 0.965 0.975 0.959 0.965 0.961
(0.018) (0.012) (0.010) (0.009) (0.008) (0.007) (0.007) (0.006)
17 1.101 1.108 1.116 1.123 1.131 1.114 1.120 1.120
(0.021) (0.014) (0.011) (0.011) (0.009) (0.008) (0.008) (0.007)
I8 0.954 0.957 0.955 0.976 0.976 0.961 0.963 0.964
(0.019) (0.013) (0.011) (0.010) (0.009) (0.008) (0.007) (0.007)
MATHEFF
El 1.000" 1.000" 1.000" 1.000" 1.000" 1.000" 1.000° 1.000"
E2 1.137 1.139 1.121 1.137 1.157 1.141 1.137 1.142
(0.036) (0.026) (0.020) (0.018) (0.016) (0.015) (0.014) (0.013)
E3 1.316 1.303 1.285 1.305 1.310 1.293 1.297 1.298
(0.040) (0.028) (0.022) (0.020) (0.017) (0.016) (0.015) (0.014)
E4 1.022 1.039 1.043 1.053 1.052 1.045 1.046 1.046
(0.034) (0.024) (0.019) (0.017) (0.015) (0.014) (0.013) (0.012)
ES 0.946 0.932 0.983 0.953 0.964 0.948 0.941 0.946
(0.032) (0.022) (0.018) (0.016) (0.014) (0.013) (0.012) 0.011)
E6 1.202 1.202 1.217 1.224 1.223 1.227 1.239 1.235
(0.040) (0.028) (0.022) (0.020) (0.018) (0.016) (0.015) (0.014)
E7 1.076 1.081 1.137 1.107 1.107 1.101 1.104 1.104
(0.038) (0.026) (0.021) (0.019) 0.017) (0.015) (0.014) (0.013)
E8 1.022 1.039 1.040 1.067 1.067 1.051 1.069 1.066
(0.037) (0.026) (0.021) (0.019) (0.017) (0.015) (0.015) (0.014)
TEACHSU
Tl 1.000" 1.000" 1.000" 1.000" 1.000" 1.000° 1.000" 1.000*
™ 1.074 1.042 1.012 1.006 1.009 1.013 1.013 1.012
(0.028) (0.019) (0.016) (0.014) (0.012) (0.011) (0.010) (0.010)
T3 1.005 1.004 0.995 0.975 0.981 0.989 0.990 0.985
(0.025) (0.017) (0.015) (0.012) (0.011) (0.010) (0.009) (0.009)
T4 1.120 1.108 1.107 1.087 1.077 1.091 1.094 1.091
(0.030) (0.020) (0.017) (0.015) (0.013) (0.012) 0.011) (0.010)
TS 0.977 0.964 0.977 0.958 0.958 0.959 0.957 0.957
(0.029) (0.020) 0.017) (0.015) (0.013) (0.012) 0.011) (0.010)

“ They were fixed 1.000 as reference indexes.

92



DOES NUMBER OF LEVEL-2 UNITS IN MULTILEVEL STRUCTURAL EQUATION MODELING MATTER?

Table 4: Estimates of residual variances and their standard errors of the within-level model.

Number of Schools

120 240 360 480 600 720 840 948

Gl 0.171 0.166 0.167 0.167 0.169 0.169 0.168 0.169
(0.005) (0.003) (0.003) 0.002) (0.002) 0.002) (0.002) (0.002)

- 0.036 0.037 0.035 0.035 0.035 0.035 0.035 0.035
(0.002) (0.001) (0.001) 0.001) (0.001) 0.001) (0.001) (0.001)

- 0.072 0.071 0.071 0.070 0.069 0.071 0.070 0.070
(0.002) (0.002) 0.001) 0.001) 0.001) (0.001) (0.001) 0.001)

o 0.092 0.092 0.096 0.096 0.098 0.097 0.096 0.097
(0.003) (0.002) (0.002) (0.001) (0.001) 0.001) (0.001) 0.001)

I 0.268 0.265 0.266 0.263 0.258 0.263 0.260 0.260
(0.008) (0.005) (0.004) (0.004) (0.003) (0.003) (0.003) (0.003)

3 0.187 0.194 0211 0.199 0.199 0.200 0.198 0.197
(0.006) (0.004) (0.004) (0.003) (0.003) (0.003) (0.002) (0.002)

u 0.157 0.150 0.154 0.146 0.148 0.147 0.150 0.149
(0.006) (0.004) (0.003) (0.003) (0.003) (0.002) (0.002) (0.002)

6 0.202 0.203 0.202 0.208 0.204 0.204 0.204 0.203
(0.006) (0.005) (0.004) (0.003) (0.003) (0.003) 0.002) (0.002)

b 0.179 0.187 0.186 0.189 0.189 0.181 0.183 0.183
(0.006) (0.004) (0.003) (0.003) (0.003) (0.002) (0.002) (0.002)

s 0.165 0.167 0.169 0.164 0.163 0.163 0.164 0.164
(0.005) (0.004) (0.003) (0.003) (0.002) (0.002) (0.002) (0.002)

b 0.227 0.224 0.225 0.226 0.221 0.224 0.226 0.224
(0.008) (0.005) (0.004) (0.004) (0.003) (0.003) (0.003) (0.003)

8 0216 0.219 0.224 0.219 0217 0.216 0.219 0218
(0.007) (0.005) (0.004) (0.003) (0.003) (0.003) (0.003) (0.002)

. 0.378 0.372 0.359 0.354 0.353 0.358 0.359 0.357
(0.010) 0.007) (0.006) (0.005) (0.004) (0.004) (0.004) (0.003)

0 0.329 0.322 0.323 0314 0.303 0.314 0314 0.313
(0.009) (0.006) (0.005) (0.004) (0.004) (0.004) (0.003) (0.003)

" 0.312 0.308 0.308 0.298 0.295 0.301 0.301 0.300
(0.010) 0.007) (0.005) (0.005) (0.004) (0.004) (0.003) (0.003)

- 0.315 0.315 0.295 0.208 0.295 0.297 0.299 0.298
(0.009) (0.006) (0.005) (0.004) (0.004) (0.003) (0.003) (0.003)

o 0.300 0.287 0277 0277 0.272 0.275 0.272 0.272
(0.008) (0.005) (0.004) (0.004) (0.003) (0.003) (0.003) (0.003)

B 0.429 0.434 0.416 0.422 0.416 0418 0.419 0.418
(0.012) (0.008) (0.007) (0.006) (0.005) (0.005) (0.004) (0.004)

- 0.446 0.419 0.395 0.404 0.402 0.400 0.403 0.402
(0.012) (0.008) (0.006) (0.006) (0.005) (0.004) (0.004) (0.004)

58 0.472 0.469 0.453 0.459 0.454 0.455 0.453 0.453
(0.013) (0.009) (0.007) (0.006) (0.005) (0.005) (0.005) (0.004)

- 0.361 0.361 0.372 0.368 0.363 0.369 0.371 0.367
©.011) 0.007) (0.006) (0.005) (0.005) (0.004) (0.004) (0.004)

- 0.302 0.294 0.307 0.305 0.294 0.299 0.208 0.296
(0.010) (0.006) (0.005) (0.005) (0.004) (0.004) (0.004) (0.003)

- 0.215 0.195 0.209 0.198 0.201 0.199 0.195 0.197
(0.007) (0.005) (0.004) (0.004) (0.003) (0.003) (0.003) (0.002)

4 0.350 0.341 0.344 0.352 0.347 0.345 0.351 0.350
©.011) (0.007) (0.006) (0.006) (0.005) (0.004) (0.004) (0.004)

Ts 0.474 0472 0.468 0.482 0.484 0477 0.483 0.478
0.013) (0.009) (0.007) (0.007) (0.006) (0.005) (0.005) (0.005)

MATH 0.621 0.643 0.648 0.635 0.638 0.644 0.639 0.638
0.019) (0.014) ©.011) (0.010) (0.009) (0.008) (0.007) (0.007)

0.124 0.123 0.119 0.118 0.120 0.119 0.116 0.118
MATHEFF 4 407) (0.005) (0.004) (0.003) (0.003) (0.003) (0.003) (0.002)
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Table 5: Estimates of structural paths, factor variances, factor correlations and their standard errors of the within-level model.

Number of Schools

120 240 360 480 600 720 840 948
Structural
paths
MATHon  -0.023" -0.020° 20032 -0.015" -0.014° -0.012" -0.014° -0.007"
TEACHSU  (0.028) (0.019) 0.016) (0.014) 0.012) 0.012) 0.011) (0.010)
MATH on 0.226 0211 0.253 0.243 0.238 0.234 0.248 0.242
INTMAT (0.035) (0.024) (0.020) 0.017) (0.015) 0.014) 0.013) 0.012)
MATH on 0.183 0216 0.197 0.188 0.202 0.205 0.187 0.191
INSTMOT  (0.034) (0.023) 0.019) 0.017) (0.015) (0.014) (0.013) 0.012)
MATHEFF 0.255 0.244 0.252 0.251 0.249 0.246 0.243 0.245
onMATH  (0.011) (0.008) 0.006)  (0.005) (0.005) (0.004) (0.004) (0.004)
MATHEFF 0.095 0.073 0.059 0.053 0.054 " 0.053 0.056 0.055
on TEACHSU  (0.014) (0.010) (0.008) (0.007) (0.006) (0.006) (0.005) (0.005)
MATHEFF 0.202 0.188 0.179 0.171 0.174 0.172 0.166 0.170
on INTMAT  (0.018) 0.012) 0.010) (0.008) (0.008) (0.007) (0.006) (0.006)
MATHEFF 0.089 0.094 0.093 0.109 0.100 0.108 0.110 0.107
on INSTMOT ~ (0.017) 0.012) (0.009) (0.008) (0.007) (0.007) (0.006) (0.006)
Factor
variances
TEACHSU 0.356 0.359 0.349 0.356 0.358 0.351 0.355 0.354
0.016) 0.011) (0.009) (0.008) (0.007) (0.007) (0.006) (0.006)
INTMAT 0.367 0.376 0.393 0.388 0.390 0.388 0.394 0.390
0.015) (0.010) (0.009) (0.008) (0.007) (0.006) (0.006) (0.005)
INSTMOT 0.384 0.406 0413 0.388 0.389 0.401 0397 0.395
(0.014) (0.010) (0.008) (0.007) (0.006) (0.006) (0.005) (0.005)
factor
correlations
TE/:v?t}h{SU 0.117 0.119 0.124 0.124 0.124 0.125 0.127 0.126
INTMAT (0.008) (0.006) (0.005) (0.004) (0.004) (0.003) (0.003) (0.003)
TE’:V?tI:SU 0.118 0.127 0.125 0.123 0.119 0.125 0.125 0.124
INSTMOT (0.008) (0.006) (0.005) (0.004) (0.004) (0.003) (0.003) (0.003)
INVTV?;IAT 0.240 0.250 0.264 0.242 0.247 0.253 0253 0.251
NoTMor  (0.010) (0.007) (0.006) (0.005) (0.004) (0.004) (0.004) (0.004)

* They were not statistically significant at p<0.05; all other parameter estimates were significant.
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Table 6: Estimates of factor loadings and their standard errors of the between-level model.

Number of Schools

120 240 360 480 600 720 840 948
MATH
Gl 1.000° 1.000" 1.000* 1.000" 1.000" 1.000" 1.000° 1.000°
G2 1.170 1.164 1.141 1.148 1.152 1.137 1.144 1.144
(0.036) (0.025) (0.019) (0.017) (0.014) (0.013) (0.012) (0.011)
G3 1.174 1.161 1.120 1.138 1.140 1.119 1.128 1.130
(0.037) (0.025) (0.019) (0.017) (0.014) (0.013) (0.012) (0.012)
G4 1.174 1.059 1.049 1.051 1.048 1.040 1.048 1.046
(0.037) (0.024) (0.019) (0.017) (0.014) (0.013) (0.012) (0.012)
INTMAT
Il 1.000* 1.000" 1.000° 1.000" 1.000" 1.000" 1.000" 1.000°
3 0.389 0.638 0.789 0.870 0.959 0.944 0.908 0.939
(0.236) (0.237) (0.131) (0.111) (0.079) (0.080) (0.078) (0.070)
4 1.778 1.812 1.350 1.338 1.250 1.213 1.268 1.229
(0.307) (0.280) (0.124) (0.108) (0.070) (0.070) (0.070) (0.061)
16 2.142 2.344 1.445 1.517 1.329 1.196 1.286 1.263
(0.397) (0.400) (0.146) (0.133) (0.081) (0.076) (0.078) (0.069)
INSTMOT
12 1.000" 1.000" 1.000" 1.000" 1.000° 1.000" 1.000" 1.000"
15 0.991 1.127 1.043 1.048 1.090 1.068 1.180 1.110
(0.123) (0.122) (0.087) (0.061) (0.054) (0.056) (0.060) (0.050)
17 0.922 0.971 1.013 1.005 0.995 1.053 1.047 1.027
(0.141) 0.116) (0.086) (0.063) (0.053) (0.057) (0.056) (0.049)
I8 0.670 0.888 0.873 0.932 0.953 0.946 0.938 0.952
(0.124) (0.112) (0.085) (0.062) (0.055) (0.056) (0.054) (0.048)
MATHEFF
El 1.000° 1.000° 1.000° 1.000" 1.000" 1.000" 1.000° 1.000°
B2 1.016 1.009 1.130 1.080 1.067 1.076 1.044 1.055
(0.147) (0.104) (0.085) (0.076) (0.062) (0.057) (0.053) (0.051)
E3 1.109 1.028 0.960 0.935 0.942 0.886 0.937 0.938
(0.158) (0.107) (0.072) (0.065) (0.056) (0.051) (0.048) (0.046)
E4 0.912 0.938 0.828 0.897 0.871 0.882 0.897 0.906
(0.141) (0.098) (0.065) (0.063) (0.052) (0.048) (0.044) (0.043)
ES 0.892 0.906 0.815 0.815 0.848 0.798 0.826 0.841
(0.129) (0.094) (0.066) (0.060) (0.053) (0.047) (0.044) (0.042)
E6 0.749 0.645 0.580 0.677 0.733 0.596 0.685 0.677
(0.157) (0.112) (0.082) (0.076) (0.066) (0.059) (0.056) (0.053)
E7 0.780 0.795 0.604 0.682 0.688 0.600 0.695 0.685
(0.137) (0.104) (0.074) (0.068) (0.060) (0.052) (0.050) (0.047)
B8 0.523 0.479 0.449 0.526 0.495 0.370 0.523 0.466
(0.150) (0.107) (0.075) (0.071) (0.060) (0.053) (0.051) (0.048)
TEACHSU
T1 1.000" 1.000" 1.000" 1.000° 1.000" 1.000" 1.000" 1.000°
T 1.259 0.960 0.972 0.873 0.890 0.936 0.900 0.903
(0.152) (0.076) (0.066) (0.053) (0.047) (0.046) (0.040) (0.038)
T3 1.152 0911 0.923 0.877 0.900 0.921 0.911 0.898
(0.127) (0.065) (0.053) (0.044) (0.041) (0.039) (0.035) (0.033)
T4 1.309 1.199 1.102 1.182 1.156 1.111 1.095 1.104
(0.157) (0.086) (0.068) (0.059) (0.053) (0.049) (0.044) (0.041)
TS 0.961 0.905 0.873 0.887 0.885 0.885 0.905 0.904
(0.148) (0.082) (0.064) (0.055) (0.049) (0.047) (0.043) (0.040)

" They were fixed 1.000 as reference indexes.
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Table 7: Estimates of residual variances and their standard errors of the between-level model.

Number of Schools
120 240 360 480 600 720 840 948

Gl 0.006 0.004 0.002 0.002 0.002 0.002 0.002 0.002
(0.002) (0.001) (0.001) (0.001) (0.001) (0.000) (0.000) (0.000)
G2 0.002" 0.002° 0.002" 0.002" 0.002" 0.002" 0.002" 0.002"

G3 0.001 0.000 0.001 0.001 0.001 0.001 0.002 0.002
(0.001) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

G4 0.002° 0.002° 0.002° 0.002 0.002" 0.002" 0.002" 0.002°

1 0.007 0.005 0.005 0.007 0.005 0.004 0.005 0.005
(0.002) (0.002) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)

3 0.018 0.025 0.020 0.020 0.020 0.020 0.020 0.020
(0.004) (0.003) (0.002) (0.002) (0.002) (0.002) (0.001) (0.001)

14 0.002 0.003 0.002 0.002 0.002 0.003 0.002 0.002
(0.002) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)

6 0.002 0.001 0.007 0.005 0.006 0.007 0.006 0.006
(0.003) (0.002) (0.002) (0.001) (0.001) (0.001) (0.001) (0.001)

n 0.001 0.002 0.002 0.002 0.001 0.002 0.002 0.002
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)

15 0.002 0.003 0.002 0.002 0.003 0.003 0.002 0.003
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)

17 0.006 0.004 0.002 0.004 0.003 0.003 0.003 0.003
(0.002) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)

18 0.004 0.004 0.004 0.005 0.005 0.005 0.004 0.004
(0.002) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)

El 0.017 0.014 0.008 0.012 0.009 0.009 0.009 0.010
(0.004) (0.003) (0.002) (0.002) (0.001) (0.001) (0.001) (0.001)

E2 0.009 0.009 0.014 0.015 0.011 0.012 0.012 0.012
(0.003) (0.002) (0.002) (0.002) (0.001) (0.001) (0.001) (0.001)

E3 0.011 0.010 0.007 0.008 0.008 0.009 0.009 0.009
(0.003) (0.002) (0.002) (0.001) (0.001) (0.001) (0.001) (0.001)

4 0.011 0.007 0.006 0.008 0.006 0.006 0.005 0.005
(0.003) (0.002) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)

Es 0.005 0.006 0.008 0.009 0.009 0.009 0.008 0.008
(0.002) (0.002) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)

E6 0.027 0.026 0.025 0.028 0.025 0.026 0.026 0.025
(0.006) (0.004) (0.003) (0.003) (0.002) (0.002) (0.002) (0.002)

E7 0.010 0.015 0.018 0.019 0.018 0.016 0.016 0.016
(0.004) (0.003) (0.003) (0.002) (0.002) (0.002) (0.002) (0.001)

E8 0.028 0.025 0.020 0.025 0.020 0.019 0.021 0.020
(0.006) (0.004) (0.003) (0.003) (0.002) (0.002) (0.002) (0.002)

Ti 0.008 0.008 0.010 0.011 0.013 0.012 0.012 0.012
(0.003) (0.002) (0.002) (0.002) (0.002) (0.002) (0.001) (0.001)

™ 0.010 0.009 0.016 0.016 0.014 0.014 0.013 0.013
(0.003) (0.002) (0.002) (0.002) (0.002) (0.002) (0.001) (0.001)

T 0.001 0.003 0.004 0.005 0.006 0.005 0.005 0.005
(0.002) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)

T4 0.009 0.006 0.011 0.008 0.008 0.009 0.008 0.008
(0.004) (0.002) (0.002) (0.002) (0.002) (0.002) (0.001) (0.001)

Ts 0.016 0.012 0.012 0.013 0.013 0.012 0.013 0.012
(0.005) (0.003) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002)

MATH 0.103 0.119 0.113 0.115 0.124 0.120 0.114 0.117
(0.033) (0.016) 0.011) (0.010) (0.009) (0.008) (0.007) (0.007)

MATHEFF 0.003 0.003 0.002 0.003 0.003 0.004 0.004 0.004
(0.002) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)

" They were fixed 0.002 for identification purposes.
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Table 8: Estimates of structural paths, factor variances, factor correlations and their standard errors of the between-level model.

Number of Schools

120 240 360 480 600 720 840 048
Structural
paths
MATH on 0.189* 0.072° 0.107* 0.062° -0.012° 0.071° 0.038" 0.058"
TEACHSU  (0.419) (0.196) (0.131) 0.117) (0.110) (0.097) (0.090) (0.085)
MATHon  -3.449" 2.128" -0.146" -0.797 -0367" -0.183" -0.404° -0.501
INTMAT (2.303) (1.183) (0.429) (0.390) 0.311) (0.255) (0.239) (0.236)
MATH on 3.250° 1758 0.672° 1.096 1.025 0.837 1241 1.147
INSTMOT  (1.956) (0.824) (0.391) (0.290) (0.293) (0.248) (0.243) (0.224)
MATHEFF 0316 0.364 0.402 0.399 0.381 0.395 0.382 0.385
onMATH  (0.065) 0.037) (0.028) (0.026) 0.021) (0.020) (0.019) 0.017)
MATHEFF  0.130° 0.093" -0.026" -0.047° 0.003" 0.007° -0.007° -0.007"
on TEACHSU  (0.102) (0.054) (0.041y (0.037) 0.032) (0.031) (0.028) (0.026)
MATHEFE  -0.057° 0.067° 0.344 0.333 0.220 0.097* 0.193 0.166
onINTMAT  (0.609) 0.311) (0.137) (0.126) (0.092) (0.082) 0.075) 0.072)
MATHEFF 0418’ 0.176" 0.146" 0.086" 0.094° 0.110° 0.142° 0.120°
on INSTMOT  (0.543) (0.226) (0.123) (0.095) (0.088) (0.081) (0.078) 0.071)
Factor
variances
TEACHSU 0.028 0.040 0.044 0.048 0.048 0.044 0.046 0.047
(0.007) (0.006) (0.006) (0.005) (0.005) (0.004) (0.004) (0.004)
INTMAT 0.009 0.005 0.012 0.012 0.018 0.016 0.015 0016
(0.004) (0.002) (0.003) (0.002) (0.002) (0.002) (0.002) (0.002)
INSTMOT 0.014 0.011 0.014 0.019 0.019 0.017 0.014 0.016
(0.004) (0.003) (0.003) (0.003) (0.002) (0.002) 0.002)  (0.002)
factor
correlations
TE""N%ISU 0.008 0.007 0.010 0.012 0.016 0.012 0.012 0.014
INTMAT (0.003) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
TE’:V?;[SU 0.010 0.010 0.010 0.013 0.015 0.012 0.012 0.013
stmor (0004 (0.003) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
IN;%IAT 0.009 0.006 0.009 0011 0.014 0.012 0.010 0.011
N (0.003) (0.002) (0.002) (0.002) (0.002) (0.002) (0.001) 0.001)

* They were not statistically significant at p<0.05; all other parameter estimates were significant.
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