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ORIGINAL ARTICLES 

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 than10 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

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
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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 Muthen'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.

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 Spw and ‡”B 

matrixes in respective level. The important parameter 

estimates were presented in Figure 2. Note that all param-

eter estimates were under admissible solutions in

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,[25×(25+1)/2-60]+

[25×(25+1)/2-60+2]=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 x2 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

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

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, I4, I6, I8, and residual variances 

of item G1, I6, El, 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 I8. 

 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.
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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.

a They were fixed 1
.000 as reference indexes.
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Table 4: Estimates of residual variances and their standard errors of the within-level model.
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Table  5: Estimates of structural paths, factor variances, factor correlations and their standard errors of the within-level model.

a They were not statisticall
y 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.

a Th
ey 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 .

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.

a Th
ey were not statistically significant at p<0.05; all other parameter estimates were significant.
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