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Abstract  
The purpose of this article is to present the application of 
Hierarchical Linear Models (HLMs) in reanalyzing fourth 
grade math student achievement by using 1996 SIMCE 
data. This article is part of a study that represents a first 
attempt to explore more sophisticated statistical tech-
niques— other than those techniques commonly applied 
thus far— in order to obtain a better understanding of stu-
dent achievement and the effects of schools in Chile. To 
achieve this goal, two types of school administration are 
analyzed: municipal and private subsidized schools, respec-
tively, utilizing the One-Way ANOVA Model and the Ran-
dom-Intercept Model as the primary HLMs. Results indi-
cate that there are significant differences not only within, 
but also between municipal and private subsidized schools 
in math achievement. However, the significant variation 
among students and schools remains to be explained. 

Resumen 
El objetivo de este artículo es presentar el uso de Modelos 
Jerárquicos Lineales (HLM) para reanalizar el rendimien-
to en matemáticas de estudiantes de cuarto grado, usando 
datos del SIMCE (Sistema de Medición de la Calidad de 
la Educación de Chile) de 1996. Este artículo es parte de 
un estudio que representa una primera tentativa de explo-
rar técnicas estadísticas más sofisticadas – diferentes de 
las técnicas comúnmente aplicadas hasta ahora - para ob-
tener una mejor comprensión del logro de estudiante y del 
efecto escuela en Chile. Para alcanzar este objetivo, se 
analizan dos tipos de administración escolar : municipal y 
privada subvencionada, respectivamente, utilizando el 
Modelo de ANOVA de una vía y el Modelo Intercepto-
Aleatorio como principales análisis de tipo jerárquico. 
Los resultados indican que hay diferencias significativas 
no sólo dentro de, sino también entre escuelas municipa-
les y privadas subvencionadas en el rendimiento en ma-
temáticas. Sin embargo, una variación significativa entre 
estudiantes y escuelas queda aún por ser explicada. 
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Introduction 

During the early 1980s, the Chilean gov-
ernment developed and implemented an edu-
cational reform based on decentralization 
and privatization policies. The decentraliza-
tion of the central government and the priva-
tization of public goods and services were 
important strategies for improving the qual-
ity and efficiency of public institutions[i]. In 
education, these political strategies allowed 
the government to increase the amount of 
decision-making done by local governments 
and to foster the participation of the private 
sector in the educational system.  

As a result of these political changes, a 
new Chilean educational reform was imple-
mented to increase the quality of education 
and to achieve efficiency in the use of educa-
tional resources. To help achieve the goals of 
this educational reform, new components 
were introduced into the educational system. 
For example, the component of “devolution” 
was established to diminish bureaucracy and 
promote decision-making to better represent 
local characteristics. That is, devolution 
strove to give the responsibility of decision-
making back to the community. This devolu-
tion process was called municipalization and 
led to the creation of the Municipal Common 
Fund (FCM), which concentrated on trans-
ferring public schools into municipalities, 
giving these municipalities greater profes-
sional and technical support, and diminishing 
the inequality of resources between munici-
palities. 

Since the execution of this measure, mu-
nicipalities have had control of educational 
expenditures. However, the central govern-
ment has continued allocating financial and 
technical support. In this case, the most im-
portant hypothesis was that the quality of 
educational services might be improved by 
increasing the overall level of expenditures 
and by appropriately matching expenditures 
with local requirements (Hevia, 1982; 

Jimenez, 1984; Latorre & Nunez, 1987; and 
Rounds Parry, 1997). 

In relation to the “privatization policies”, 
the Chilean Ministry of Education gave sub-
ventions to public and private schools, which 
provided a per-student payment or voucher. 
In this case, the principal purpose was to 
encourage the private sector to create “tui-
tion-free” private schools and to make them 
more competitive with public schools. In 
1987, the element of subvention was created 
by the Ministry of Education to ensure the 
equal distribution of vouchers to both free 
private schools and public schools. Accord-
ing to Barr (1993): 

“Subsidies to education may be justifiable 
for both efficiency and equity reasons. In a 
libertarian world, individuals pay for the 
private benefits they receive from education, 
but are subsidized to the extent that external 
benefits are thereby conferred upon others” 
(p. 346).  

As noted earlier, several measures were in-
troduced to implement decentralization and 
privatization policies. These measures are 
summarized as follows: (1) public schools 
were transferred to the authority of munici-
palities (2) the Ministry of Education en-
couraged the creation of private subsidized 
schools, as well as provided subsidies based 
on average monthly student attendance for 
municipal and private subsidized schools; 
and (3) teachers, who for many years worked 
in the public sector, became private sector 
employees. Furthermore, a national system 
of school supervision was developed in order 
to give schools technical and pedagogical 
support, and the curricula were reformulated, 
aimed at being more flexible and better at-
tune to local conditions.  
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In order to obtain valid information to de-
scribe the quality of Chilean education and 
explain issues related to decentralization and 
privatization policies, a national assessment 
system was implemented. This assessment 
system was named the System of Assessing 
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the Quality of Education in Chile (SIMCE). 
From the time when SIMCE was created, 
different educational reports have revealed 
that students who attended municipal schools 
tended to have lower academic achievement 
than those who attended private subsidized 
schools at the mid-low and low socio-
economic status (SES) student levels, and 
those who attended non-subsidized private 
schools continued to have the highest 
SIMCE scores at the high and mid-high SES 
student levels. In part, these results run 
counter to assumptions about the effective-
ness of decentralization and privatization 
policies in education. 

In addition to the aforementioned issue, 
several problems have been found to stem 
from the analysis and report of SIMCE in-
formation. This is because the ways in which 
SIMCE results are analyzed and reported 
tend to be very broad in nature. For instance, 
to obtain summarized and illustrative school 
information at the local and the national 
level, SIMCE regroups some school vari-
ables (e.g. type of city and school accessibil-
ity are clustered in the geographic indicator). 
By using this clustered information, SIMCE 
builds eighteen theoretical structures in order 
to group Chilean elementary schools, which 
have similar characteristics (The Theoretical 
Structures of School Groups, SIMCE 1996). 
Moreover, SIMCE usually summarizes stu-
dent test outcomes by using three types of 
average percentages. These are: (1) the aver-
age percentage of correct answers per stu-
dent group, (2) the average percentage of 
correct answers in comparison to other 
schools which have similar characteristics, 
and (3) the average percentage at the national 
level (the SIMCE Report Form, 1996).  

These two ways in which SIMCE staff 
uses SIMCE information reveals important 
issues. In particular, the manner in which 
SIMCE results are analyzed and reported is 
extremely broad-based for adequately ex-
plaining the nuances and variability of stu-
dent test scores and understanding the com-

plexity of Chilean education at the local con-
text level (Gomez and Edwards, 1995). Cor-
respondingly, when we use clustered vari-
ables, the meaning of these clustered vari-
ables may change in comparison to their sin-
gle meaning (Murchan & Sloane, 1994). In-
deed, by using excessive clustered informa-
tion, we may have limited opportunity for 
developing in-depth explanations in relation 
to particular variables that affect student 
achievement. 

Another crucial issue in SIMCE assess-
ment is related to the analysis of the SIMCE 
Math Test. Through the use of this math test, 
Chilean educators can obtain a general pro-
file about student math achievement in rela-
tion to the average percentage at the school 
level, at the national level, and at other simi-
lar schools. However, there are not enough 
statistical analyses to allow us to explain 
differences in math scores at the student and 
school levels. For these reason, we can see 
that it is necessary to develop further statisti-
cal analyses in order to explain the relation-
ship between student and school variables, 
and their effect on math achievement. 

More recent SIMCE information reveals 
that although the 1996 SIMCE results show 
an increase in math scores, differences per-
sisted with regard to the type of school ad-
ministration. However, there is not enough 
evidence to account for the scope of differ-
ences in math achievement between munici-
pal and private subsidized schools. Further 
limiting our understanding of such differ-
ences is the fact that other SIMCE variables, 
such as the geographic accessibility to a 
school, school size, school population area, 
and Chilean geographic region, are analyzed 
in an isolated way.  
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As you may have noted in the previous ex-
planations offered here, most of the SIMCE 
analyses are essentially descriptive. For more 
sophisticated statistical analyses, some Chil-
ean researchers use Multiple Regression and 
Analysis of Variance (ANOVA). Tradition-
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ally, linear models are based on the assump-
tion that subjects respond independently to 
educational programs. Nevertheless, this 
assumption of independence is regularly vio-
lated because an educational system is an 
organizational structure and a multilevel en-
terprise. In other words, we can see that stu-
dents are nested within teachers and classes, 
teachers and classes are nested within types 
of schools, and schools are nested within a 
particular geographic location (Burstein, 
1980; Bryk & Raudenbush, 1992; Murchan 
& Sloane, 1994).  

In sum, all of these traditional statistical 
analyses do not provide a full explanation of 
the quality of Chilean education. In fact, 
when we examine the SIMCE reports, we 
can find some conflicting conclusions. Bryk 
& Raudenbush (1989) state that: “When 
[school effects and instruction] vary among 
individuals and the contexts in which they 
are educated, traditional data analysis ap-
proaches can be very misleading” (p.163). 
The issues presented here reveal the need for 
evaluating the quality of the past SIMCE 
statistical analyses. Actually, contemporary 
educational studies are recommending the 
application of multilevel analyses for obtain-
ing more accurate standard errors, and exam-
ining how/whether the relationship of inter-
est (e.g. the relationship between SES and 
student achievement) varies across contexts. 
Moreover, multilevel techniques allow us to 
simultaneously analyze the effect of school 
or classroom variables at different levels 
upon student outcomes. Further, researchers 
are putting together data sets, which will 
enable them to reanalyze or replicate prior 
analyses, and to obtain more information.  

Based on previous explanations, four ques-
tions led to the development of this article 
aiming at examination of the application of 
HLMs for reanalyzing 4th grade students’ 
math achievement. These questions are:  

● With respect to 4th grade students, how 
much do Chilean elementary schools vary 
in their mean math achievement?  

● What is the extent of difference in math 
achievement between schools? 

● What is the extent of difference in math 
achievement between schools after control-
ling for the students’ SES at the school 
level? 

● With respect to geographic accessibility 
to a school, school population areas, and 
school size, what is the extent of difference 
in math achievement between schools? 

Method 

Data Source and Participants 
Two sets of math data were used to run de-

scriptive and inferential analyses, which 
come from the System of Assessing the 
Quality of Education in Chile (SIMCE). 
These are: SIMCE Math Test for fourth 
grade and the SIMCE School Questionnaire  

Given constraints of time and space for this 
article, I chose to concentrate on the fourth 
grade student population, with a focus on the 
1996 math test for the purpose of this study. 
This is because 1996 is one of the years in 
which SIMCE took into consideration certain 
kinds of information at the student level. 
Taking into consideration municipal and 
private subsidized schools, there are 227,283 
students, which were nested within 5,065 
Chilean elementary schools.  
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In relation to the 1996 SIMCE data, it is 
important to explain that this data is limited 
in order to develop HLM analysis. One of 
the most important limitations is at the stu-
dent level (Level-1 model), in which the stu-
dent achievement is the primary variable. In 
other words, the majority of SIMCE vari-
ables are at the school level. For instance, 
SES is a variable usually related with student 
`s characteristics, however, the SIMCE data 
takes this variable as a school variable be-
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cause it computes the SES average per 
school. With on these limitations, the 
SIMCE data allows us to examine school 
effect on student math achievement in which 
only the intercept parameter in the Level-1 
model is varying at the Level-2 model. 

Variables 
- The 4th grade students’ math achievement: 

Math achievement of 4th grade student is 
assessed through the application of the 
SIMCE math test. The SIMCE math test 
has 45 items where the first 12 items are 
related to basic math skills, and the next 
33 items are related to specific math cur-
riculum for fourth grade. The SIMCE 
math test scored on a scale of 0 to 100.  

- The type of school administration[ii]: 
The type of school administration is clas-
sified into two categories: 
Municipal schools: These schools are 
managed by municipalities and obtain 
subvention from the Chilean government. 
Private subsidized schools: These schools 
are managed by particular enterprises and 
obtain subvention from the Chilean gov-
ernment. 

- The students’ SES at the school level: 
To determine the socio-economic status of 
the student population at the school level, 
the Ministry of Education and the SIMCE 
program request information regarding the 
average of educational expenditures per 
family and the average level of parents’ 
education for each school. The categories 
are: Low-SES, Mid-low SES, Mid-high 
SES, and High-SES. 

- School size: 
This variable represents the total student 
enrollment at a school. It is divided into 
four categories: Small-size (less than 100 
students); Medium-small size (between 
101 and 500 students); Medium-large size 
(between 501 and 1000 students); and 
Large-size (more than 1000 students). 

- School population areas: 

This is a dummy variable related to popu-
lation areas in which the school is located. 
Its categories are: (0) Rural areas: These 
are schools located in countryside areas, 
and (1) Urban areas: These are schools lo-
cated in cities or towns areas.  

- Geographic accessibility to a school: 
This variable is related to the difficulty or 
facility of entering the geographic area in 
which the school is located. This indicator 
is divided into four categories: Limited 
accessibility, Poor accessibility, Moderate 
accessibility, and Good accessibility. 
Data analysis 
The analysis of school effects on math 

achievement for fourth grade is divided into 
two types of statistical analyses, descriptive 
and inferential analyses[iii]. The descriptive 
analysis allows us to develop an exploratory 
examination of the SIMCE variables. The 
inferential analysis allows us to examine the 
HLMs developed. 

For the inferential analysis, I developed 
two types of Hierarchical Linear Models, the 
One-Way ANOVA Model and the Random-
Intercept Model. The first Hierarchical Lin-
ear Model allows us to obtain information 
about how much variation in the math out-
come lies within and between Chilean ele-
mentary schools, particularly in the 4th 
grade. The second Hierarchical Linear 
Model allows us to examine school effect on 
student math achievement in which only the 
intercept parameter in the Level-1 model is 
varying at the Level-2 model.  

Revista ELectrónica de Investigación y EValuación Educativa   [ www.uv.es/RELIEVE ]  pag. 79 

It is important to explain my decision to 
use the Random-Intercept Model because 
several crucial predictors in the SIMCE as-
sessment are measured at the school level 
rather than at the student level. This type of 
Hierarchical Linear Model allows us to avoid 
the following methodological dilemmas: (a) 
To examine the data only at the student level 
and to ignore the fact that students are nested 
in school. As a result of this inappropriate 
methodological approach we could have 
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problems with the estimated standard error 
because it could potentially be too small. (b) 
To examine the data at the school level and 
to use the means of student responses as the 
outcome. As a result of this approach, we 
could have problems with the estimation of 
school effect. Also, we may have problems 
including other level-1 predictors into the 
analysis.  

Results 

Descriptive analyses 
In 1996, 5,592 Chilean elementary schools 

participated in the SIMCE assessment and 
248,364 students took the SIMCE math test. 
The general descriptive analysis reveals that 
the mean math score of Chilean schools is 
68.4 and the standard deviation is 11.6. The 
most frequently occurring math score value, 
mode, is 60, and the minimum and maximum 
student math scores are 25 and 99. Finally, 
the middle score, median, is 68.9.  

a. Municipal schools 

In municipal schools, the mean math score 
of 4th grade students is 65.5, and the standard 
deviation is 10.28. The middle of the math 
score distribution, median, is 66.2. More-
over, the minimum math score is 25 and their 
maximum is 96. As valuable information, it 
is necessary to explain that the mean math 
score of municipal schools is lower than the 
national average (65.5at the municipal level < 68.4at 

the national level).  

In table 1, we can observe that municipal 
schools located in urban areas have a higher 
mean math score (66.4) than those schools 
located in rural areas (62). In comparison to 
the national average for rural schools, mu-
nicipal schools tend to have a slightly higher 
mean math score (62at the municipal level > 60.9at 

the national level). On the contrary, municipal 
schools tend to have a lower math math 
score in comparison to the national average 
for urban schools (66.4at the municipal level < 
69.7at the national level). In relation to the standard 
deviation, municipal schools in rural areas 
have a greater standard deviation than 
schools in urban areas.  

 
TABLE 1 - The 1996 SIMCE math test by Municipal Schools 

Variables Categories Mean Std. 
Dev. 

Min - Max Range n 

 Rural areas 62 13 30 - 96 66 690 School population areas 
 Urban areas 66.4 9.2 25 - 95 70 2746 

SES  Low-SES 61.7 12.6 25 - 96 71 956 
  Mid-low-SES 66.3 8.8 34 - 92 58 2162 
  Mid-high-SES 71.8 7.2 49 - 89 40 318 
  High-SES *      

 Limited-accessibility 59.4 14.5 31 - 93 62 201 
 Poor-accessibility  63.1 12.1 32 - 96 64 498 

Geographic accessibility to
a school 

 Moderate-accessibility 64.6 11.1 25 - 95 70 723 
  Good-accessibility  67 8.4 36 - 94 58 2014 

School size  Small-size  62 12.8 25 - 96 71 935 
  Medium-small size 65.6 9.6 34 - 91 57 1400 

   Medium-large size  67.4 7.2 47 - 88 41 747 
   Large-size  70.3 6.8 46 - 85 39 354 
    Total of Municipal Schools 3436 

* There are no municipal schools whose students have high-SES. 
 

Revista ELectrónica de Investigación y EValuación Educativa   [ www.uv.es/RELIEVE ]  pag. 80 

In the table above, we can also see that 
municipal schools in which students have a 
mid- high SES obtain the highest mean in 
math and the smallest standard deviation. 
Additionally, it is important to note that 4th 

grade students with mid-high-SES at the 
national level have better math achievement 
than students with the same SES at the mu-
nicipal level (75.5mean score at the national level > 
71.8mean score at the municipal level). Similar to the 
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results obtained at the national level, munici-
pal schools in which students have low-SES 
continue to obtain the lowest mean math 
score (60.7 mean score at the national level < 61.7 mean 

score at the municipal level) and the greatest standard 
deviation.  

In relation to the geographic accessibility 
to a school, results reveal that students who 
attend municipal schools with limited geo-
graphic accessibility tend to have the lowest 
mean scores in the SIMCE math test (59.4), 
while students who attend municipal schools 
with good geographic accessibility tend to 
have the highest mean (67) and the lowest 
standard deviation (8.4) in the math test. 

The final SIMCE variable in this part of 
the descriptive analysis is the school size. 
We can observe that municipal schools that 
are medium-large-or large in size tend to 
have higher mean math scores (67.4medium-

large-size and 70.3large-size) than other schools of 
smaller size (62small-size and 65.6medium-small-

size). They also have smaller standard devia-
tions than those smaller schools. 

b. Private Subsidized Schools 

In private subsidized schools, the mean 
math score of 4th grade students is 69.4; the 
standard deviation is 11.59; the median is 
71.18; the minimum math score is 26 and the 
maximum is 99. In relation to the school 
population areas, we can see that private 
subsidized schools located in urban areas 

have a higher math mean score than those 
schools located in rural areas (table 2). Fur-
thermore, private subsidized schools tend to 
have lower mean math scores (55.8) in com-
parison to the national average of Chilean 
schools located in the same rural areas 
(60.9). In contrast, private subsidized schools 
tend to have higher math mean score (70.7) 
in comparison to the national average of 
Chilean schools located in the same urban 
areas (69.7). For private subsidized schools, 
the standard deviation tends to be greater in 
rural areas than in urban areas. It is also sig-
nificant to see that private subsidized schools 
located in rural and urban areas tend to have 
similar standard deviations (13.6rural and 
10.4urban) compared to the entire population 
of Chilean schools located in rural and urban 
areas, respectively (13.3rural and 10.8urban).  
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In table 2, we can observe that private sub-
sidized schools in which students have a 
high-SES obtain the highest mean in math 
and the smallest standard deviation (80.6 math 

mean score and 7.1 standard deviation), while those 
schools in which students have a low-SES 
obtain the lowest mean math score and the 
greatest standard deviation (55.8 math mean score 
and 14.1 standard deviation). As additional infor-
mation, it is interesting to observe that 4th 
grade students with low-SES at the national 
level tend to have better math achievement 
than students with the same SES at the pri-
vate subsidized level (60.7mean score at the national 

level > 55.8mean score at the private subsidized level).  
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TABLE 2 - The 1996 SIMCE math test by Private Subsidized Schools 
Variables Categories Mean Std. 

Dev. 
Min - Max Range n 

 Rural areas 55.8 13.6 26 - 92 66 146 School population areas 
 Urban areas 70.7 10.4 33 - 99 66 1483 

SES  Low-SES 56.3 14.1 26 - 99 73 214 
  Mid-low-SES 67.2 9.6 29 - 93 64 743 
  Mid-high-SES 75.2 7.2 50 - 91 41 574 
  High-SES 80.6 7.1 47 - 91 44 98 

 Limited-accessibility 55 16 30 - 92 62 55 
 Poor-accessibility  56.5 12 26 - 84 58 93 

Geographic accessibility to
a school 

 Moderate-accessibility 61.4 14 33 - 99 65 105 
  Good-accessibility  71.4 9 36 - 95 59 1376 

School size  Small-size  56.3 14.1 26 - 99 73 194 
  Medium-small size 68.5 10.5 29 - 93 64 783 

   Medium-large size  73.4 8.4 44 - 91 47 431 
   Large-size  76.2 7.1 54 - 91 37 221 
  Total of Private Subsidized Schools 1629 

 
 

In relation to the geographic accessibility 
to a school, it is important to explain that the 
distribution of math scores in private subsi-
dized schools tends to follow the same na-
tional trend in which an appropriate geo-
graphic accessibility allows 4th grade stu-
dents to have better math achievement. The 
results show that students who attend private 
subsidized schools with limited geographic 
accessibility tend to have the lowest mean in 
SIMCE math test (55), while students who 
attend those schools with good geographic 
accessibility tend to have the highest math 
mean score (71.4) and the lowest standard 
deviation (9). 

The fourth SIMCE variable is school size. 
The descriptive analyses reveal that private 
subsidized schools of medium-large and 
large-size tend to have higher mean math 
scores (73.4medium-large-size and 76.2large-size) 
than the other schools of smaller sizes 
(56.3small-size and 68.5medium-small-size). Also, 
those schools with medium-large and large-
size tend to have smaller standard deviations 
than those schools of smaller sizes. 

In sum, we observe that 4th grade students 
vary in their math achievement among Chil-
ean schools. The 1996 SIMCE math test re-
veals that the SIMCE variables analyzed can 

help contribute to explaining an important 
portion of the variation of math scores.  

Inferential Analyses: Hierarchical Linear 
Models 

Based on the descriptive analyses of the 
SIMCE variables alone, however, we cannot 
say that these differences in math achieve-
ment are significant. The following inferen-
tial analyses will allow us to determine 
whether or not these differences in math 
achievement are statistically significant, par-
ticularly in relation to municipal and private 
subsidized schools. To achieve this purpose, 
two types of Hierarchical Linear Models are 
developed in this section. 

a. The One-Way ANOVA Model 
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The One-Way ANOVA Model allows us to 
obtain information about the grand mean, 
and the partitioning of the total variation in 
math achievement into variation between and 
within schools. Furthermore, this model al-
lows us to examine the hypothesis that all 
Chilean schools have the same mean math 
achievement. In this analysis, the key ques-
tion is: With respect to 4th grade students, 
how much do Chilean elementary schools 
vary in their mean math achievement? In this 
case, the Hierarchical Linear Model (HLM) 
is: 
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Level-1 Model (Student Level): 

Yij = β0j + rij

Yij = the 4th grade math outcome score for student (i) in school (j) 

β0j = the intercept for each school’s mean math achievement. 

rij ~ N(0, σ2 ) in which σ2 is the student-level variance 

 

Level-2 Model (School Level): 

β0j = γ00 + u0j

β0j = each school’s mean math achievement 

γ00 = this is the grand mean 

u0j ~ N(0, τ00 ) = the random error in which τ00 is the school-level variance 

As noted in the previous explanation, this 
is an unconditional model in which there are 
no predictors at either Level 1 or 2. In table 

3, we can see the primary results from One-
Way ANOVA Model.  

 
TABLE 3 - Results from One-Way ANOVA Model 

 Fixed effect Coefficient se   
 Average school mean, γ00 67.26 0.14   
 Random Effect Variance Component df X2 p value 
 School mean, u0j ( ) 91.23 5064 66335.02 0.000 
 Level-1 effect, rij ( 2) 293.46    
 
 

In the table above, we can observe that the 
estimate for the grand-mean math achieve-
ment is 67.26 with a standard error of 0.14. 
This estimate is statistically significant at the 
0.001 level (0.000<0.001). In relation to the 
estimates of the variance components, we 
can see that the estimate for the within-
school or Level-1 variance ( 2) is 293.46, 
while the overall variability among the true 
school means on math achievement ( ) is 
91.23. Based on these estimates, we can in-
dicate that most of the variation in the out-
come is at the student level, although a sig-

nificant proportion is between Chilean 
schools.  
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In order to determine the proportion of 
variance in Y between Chilean elementary 
schools, which is the intra-class correlation, 
the estimated variance components are sub-
stituted for their parameters. In this case, the 
intra-class correlation is equal to 
91.23/(91.23+293.46)= 0.24. This result re-
veals that about 24% of the variance in math 
achievement is between schools. 
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For this analysis, the crucial hypothesis is 
H0: τ00 = 0. That is, we assume that all Chil-
ean Elementary schools have the same mean 
math achievement. In the table above, we 
can observe that the Chi-Square statistic (X2) 
takes on a value of 66335.02 with 5064 de-
grees of freedom (J= 5065), and its p-value is 
0.000. This means that it is highly implausi-
ble to have the same mean math achievement 
among schools. Therefore, the evidence indi-
cates that significant variation among 
schools in their math achievement remains to 
be explained.  

b. The Random-Intercept Model 

The Random-Intercept Model allows us to 
examine school effect on student math 
achievement in which only the intercept pa-
rameter in the Level-1 model varies in the 
Level-2 model. In this analysis, the Level-1 

model is the same as in the One-Way 
ANOVA Model. That is, student math 
achievement scores will be modeled as vary-
ing around their school means. In relation to 
the Level-2 model, each school’s mean will 
be predicted by the socio-economic status of 
the student population at the school level 
(MEANSES), the type of school administra-
tion (ADM), school size (SCHSIZE), geo-
graphic accessibility to a school (ACCESS), 
and school population areas (URB_RUR). 

In order to better explain the effects of the 
crucial SIMCE variables on math achieve-
ment, three primary Random-Intercept Mod-
els are presented. The first model takes into 
consideration only the type of school ad-
ministration (ADM) in which municipal and 
private subsidized schools are the primary 
categories. For this analysis, the Hierarchical 
Linear Model is: 

 

Level-1 Model (Student Level): 

Yij = β0j + rij 

Level-2 Model (School Level): 

β0j = γ00 + γ01(ADM) j + u 0j

β0j = each school’s mean math achievement 

γ00 = the intercept 

γ01 = this is the effect of ADM on b 0j 

u0j ~ N(0, τ00 ) = Residual. That is, β0j - γ00 - γ01(ADM)j

τ00 = the residual variability at the school level (conditional model) 
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In the table below, the results from the 
Random-Intercept Model are presented. The 
results reveal that there is a highly significant 
association between the type of school ad-
ministration (ADM) and mean math 

achievement. For example, we can see that 
private subsidized schools have significantly 
higher mean achievement than municipal 
schools (γ01 = 4.22, t= 14.06). 



Cádiz, J. (2006).Reanalyzing fourth grade math student achievement in Chile: Applying hierarchical linear 
models (HLMS). RELIEVE, v. 12, n. 1, p. 75-91. http://www.uv.es/RELIEVE/v12n1/RELIEVEv12n1_2.htm  

TABLE 4 - Results from the Random-Intercept Model (I) 
 Fixed effect Coefficient se t-ratio p-value 
 Model for school means     
 INTERCEPT, γ00

65.87 0.17   

 ADM, γ01
4.22 0.30 14.06 0.000 

 Random Effect Variance 
Component 

df X2 p value 

 School mean, u0j ( ) 86.43 5063 60719.15 0.000 
 Level-1 effect, rij ( 2) 293.52    

 

 

In relation to the residual variance between 
schools, this Random-Intercept Model dis-
plays a smaller variance than the One-Way 
Anova Model (τ 00 (Random-Intercept Model) = 86.43 
< τ  00 (One-Way Anova Model) = 91.23). In this part 
of analysis, it is important to remember that 
τ  00 (One-Way Anova Model= unconditional model) repre-
sents the total parameter variance in the 
school means that is potentially explained by 
alternative level-2 models for B0j. 

By computing the proper equation[iv], we 
observe that the estimated proportion of 
variance between schools explained by the 
model with type of school administration 
(ADM) is 0.05. That is, 5% of the true be-
tween-school variance in math achievement 
is accounted for by the type of school ad-
ministration. 

Another important analysis is related to the 
conditional intra-class correlation. As noted 
in the One-Way Anova Model, the intra-
class correlation was 0.24. In the Random-
Intercept Model, after removing the effect of 
the type of school administration, the corre-
lation between pairs of math scores in the 
same school is now reduced to 0.22.  

The final analysis refers to the homogene-
ity of residual school means. For this type of 
analysis, the null hypothesis is τ00 = 0, where 
τ00 is now the residual variance. In this case, 
the crucial question is: do school achieve-
ment means vary significantly once the type 
of school administration is controlled? In the 
table above, we can see that the value of the 
Chi-Square (X2) is 60719.15 with 5063 de-
grees of freedom (J= 5065), and its p-value is 
0.000. This result indicates that the null hy-
pothesis is easily rejected. Therefore, after 
controlling for the type of school administra-
tion, significant variation among school 
mean math achievement remains to be ex-
plained. 

The second Random-Intercept Model takes 
into consideration the type of school admini-
stration (ADM) and the MEAN SES of 
school. For this analysis, Level-1 and Level-
2 are structurally similar to the previous 
model. The only difference is that this model 
includes one more predictor, which is 
MEAN SES. 

Level-1 Model (Student Level): 

Yij = β0j + rij 
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Level-2 Model (School Level): 
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β0j = γ00 + γ01(ADM) j + γ02(MEANSES) j u 0j

Table 5 presents the primary results from 
the second Random-Intercept Model. We can 
observe that the type of school administra-
tion (ADM) and MEAN SES are positively 
related to students’ math achievement. That 
is, there is a highly significant association 
between the type of school administration 
and mean math achievement (γ01 = 0.91, t= 
3.12); and between the school MEAN SES 

and mean math achievement (γ02 = 6.54, t= 
31.90). It is also important to emphasize that 
private subsidized schools continue to have 
higher mean achievement than municipal 
schools after controlling for the effect of 
MEAN SES. However, the differences be-
tween these types of schools in math 
achievement tend to decrease when MEAN 
SES is incorporated into the analysis. 

 
TABLE 5 - Results from the Random-Intercept Model (II) 

 Fixed effect Coefficient se t-ratio p-value 
 Model for school means     
 INTERCEPT, g00 66.52 0.15   
 ADM, g01 0.91 0.29 3.12 0.002 
 MEANSES, g02 6.54 0.20 31.90 0.000 
 Random Effect Variance 

Component 
df X2 p value 

 School mean, u0j ( ) 69.10 5062 47908.67 0.000 
 Level-1 effect, rij ( 2) 293.55    

 

 

With respect to the residual variance be-
tween schools, this second Random-Intercept 
Model shows a smaller variance than the 
One-Way Anova Model (τ 00 (Random-Intercept 

Model) = 69.10 < τ  00 (One-Way Anova Model) = 
91.23). The estimated proportion of variance 
between schools explained by the model 
based on the type of school administration 
(ADM) and MEAN SES is 0.24. That is, 
24% of the true between-school variance in 
math achievement is accounted for in this 
model. 

As mentioned in the previous analysis, the 
intra-class correlation for the One-Way 
Anova Model was 0.24. In this Random-
Intercept Model, after removing the effects 
of the type of school administration and 
MEAN SES, the conditional intra-class cor-
relation is 0.19. In other words, the results 
reveal that the correlation between pairs of 
math scores in the same school is now re-
duced from 0.24 to 0.19. 

Here, it is also important to determine the 
homogeneity of residual school means. In 
other words, it is essential to determine how 
much school achievement means vary when 
the type of school administration and MEAN 
SES are controlled. Here, the null hypothesis 
is τ00 = 0, where τ00 is now the residual vari-
ance. In table No 4, we can observe that the 
value of the Chi-Square (X2) is 47908.67 
with 5062 degrees of freedom (J= 5065), and 
its p-value is 0.000. By using these results, 
the null hypothesis is once again easily re-
jected. Therefore, we can say that significant 
variation among school mean math achieve-
ment remains to be explained, after control-
ling for the type of school administration and 
MEAN SES.  
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The third Random-Intercept Model takes 
into consideration the following SIMCE 
variables: the effect of the accessibility to a 
school (ACCESS), the MEAN SES of school 
(MEAN SES), school population area 
(URB_RUR), school size (SCHSIZE), and 
the type of school administration (ADM). 
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For this analysis, the Level-1 and Level-2 are: 

Level-1 Model (Student Level): 

Yij = β0j + rij 

 

Level-2 Model (School Level): 

β0j = γ00 + γ01(ACCESS)j + γ02(MEAN SES)j + γ03(URB_RUR)j + γ04(SCHSIZE)j + γ05(ADM) j+ u 0j

β0j = each school’s mean math achievement 

g00 = the intercept 

γ01 = this is the effect of ACCESS on b 0j 

γ02 = this is the effect of MEANSES on b 0j 

γ03 = this is the effect of URB_RUR on b 0j 

γ04 = this is the effect of SCHSIZE on b 0j 

γ05 = this is the effect of ADM on b 0j 

u0j ~ N(0, τ00) = Residual. That is, β0j - γ00 - γ01(ACCESS)j- γ02(MEAN SES)j - γ03(URB_RUR)j- 
γ04(SCHSIZE)j- γ05(ADM)j

τ00 = the residual variability at the school level (conditional model) 
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In Table 6, the results from the third Ran-
dom-Intercept Model are presented. We can 
observe that the schools’ MEAN SES, school 
size, and the type of school administration 
are positively related to students’ math 
achievement. In other words, there is a 
highly significant association between the 
schools’ MEAN SES and mean math 
achievement (γ02 = 5.33, t= 20.91); between 
school size and mean math achievement (γ04 

= 1.23, t= 6.77); and between the type of 
school administration and mean math 
achievement (γ05 = 1.16, t= 3.984). In rela-
tion to the type of school administration, 
private subsidized schools still have signifi-
cantly higher mean achievement than mu-
nicipal schools. The effect of the accessibil-
ity to a school (ACCESS) and the school 
population area (URB_RUR) are not statisti-
cally significant.  
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TABLE 6 - Results from the Random-Intercept Model (III) 
 Fixed effect Coefficient se t-ratio p-value 
 Model for school means     
 INTERCEPT, γ00

66.71 0.12   

 ACCESS, γ01
0.15 0.36 0.43 0.666 

 MEANSES, γ02
5.33 0.25 20.91 0.000 

 URB_RUR, γ03
0.56 0.79 0.71 0.475 

 SCHSIZE, γ04
1.24 0.18 6.77 0.000 

 ADM, γ05
1.16 0.29 3.98 0.000 

 Random Effect Variance 
Component

df X2 p value 

 School mean, u0j ( ) 67.81 5059 46141.38 0.000 
 Level-1 effect, rij ( 2) 293.57    

 
 

In this Random-Intercept Model, we can 
see that the residual variance between 
schools is smaller than the One-Way Anova 
Model (τ 00 (Random-Intercept Model) = 67.81 < τ  00 

(One-Way Anova Model) = 91.23). Furthermore, by 
using the variances obtained in the One-Way 
ANOVA model (the unconditional model) 
and the Random-Intercept Model (the condi-
tional model), we can look at the estimated 
proportion of variance between schools, 
which is explained by the predictors at level-
2. In this case, the estimated proportion of 
variance between schools explained by the 
type of school administration, school size 
and schools’ MEAN SES is 0.26. That is, 
26% of the true between-school variance in 
math achievement is accounted for by these 
SIMCE variables. 

In relation to the conditional intra-class 
correlation, after removing the effect of the 
type of school administration, school size 
and schools’ MEAN SES, the correlation 
between pairs of scores in the same school, 
which had been 0.24 for the One-Way 
Anova Model, is now reduced to 0.18 

As a final point, it is important to deter-
mine how much school achievement means 
vary when the type of school administration, 
school size and schools’ MEAN SES are 
controlled. In table No 4, the value of the 
Chi-Square (X2) is 46141.38 with 5059 de-
grees of freedom (J= 5065), and its p-value is 

0.000. By using these results, the null hy-
pothesis (τ00 = 0) is, as we have seen with 
the two other models presented here, easily 
rejected. Therefore, we can say that signifi-
cant variation among school mean math 
achievement remains to be explained, after 
controlling for the type of school administra-
tion, school size and schools’ MEAN SES.  

Discussion 

Based on the previous analyses, we ob-
serve that most of the variation in the math 
outcome is at the student level. However, a 
significant portion of the variation in the 
math outcome is at the school level, particu-
larly in relation to municipal and private sub-
sidized schools. The results reveal that 4th 
grade students who attend private subsidized 
schools have higher math achievement 
scores than those who attend municipal 
schools. In fact, private subsidized schools 
continue to show higher mean achievement 
than municipal schools after controlling for 
the effect of MEAN SES.  
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In relation to the other SIMCE variables, 
we observe that school size is positively re-
lated to students’ math achievement. Al-
though the effect of the accessibility to a 
school (ACCESS) and the school population 
area (URB_RUR) are not statistically sig-
nificant, these are crucial SIMCE variables. 
In this case, it is important to continue de-



Cádiz, J. (2006).Reanalyzing fourth grade math student achievement in Chile: Applying hierarchical linear 
models (HLMS). RELIEVE, v. 12, n. 1, p. 75-91. http://www.uv.es/RELIEVE/v12n1/RELIEVEv12n1_2.htm  

veloping alternative analyses to determine 
the real contribution of these variables. 

In sum, the type of school administration, 
school size and schools’ MEAN SES explain 
an important proportion of variance between 
schools. Moreover, after removing the effect 
of these SIMCE variables, the correlation 
between pairs of scores in the same school is 
substantively reduced. However, , these ex-
ploratory analyses tell us that significant 
variation among students and schools re-
mains to be explained.  

In future studies, it will be necessary to 
identify other variables that affect math 
achievement at the individual and organiza-
tional levels. Of course, it is important to 
develop other instruments that will allow us 
to acquire more information at the student 
and school levels. In other words, the 
SIMCE assessment needs to include other 
sources of information. This will lead us to 
develop better Hierarchical Linear Models to 
more fully understand and explain the vari-
ability in math achievement in Chilean 
schools. 
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NOTAS 
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[i] Decentralization: three components help 
us to define decentralization. The first com-



Cádiz, J. (2006).Reanalyzing fourth grade math student achievement in Chile: Applying hierarchical linear 
models (HLMS). RELIEVE, v. 12, n. 1, p. 75-91. http://www.uv.es/RELIEVE/v12n1/RELIEVEv12n1_2.htm  

ponent of decentralization is deconcentra-
tion. The goal is to shift work from central 
government officials in the capital city to 
those working in regions, provinces or dis-
tricts. The second component is delegation. 
The goal is to foster the delegation of deci-
sion-making from the central government to 
the local government. As a result of this 
delegation, the central government might 
decrease their bureaucratic involvement in 
local level administrations. The third com-
ponent is devolution. The goal is to give total 
authority and autonomy to particular public 
services, which may make local decisions 
without the prior permission of the central 
government. Privatization: usually, decen-
tralization is related to the privatization 
process. Governments allow private enter-
prises to provide goods and services previ-
ously provided only by the central govern-
ment. That is, privatization refers to privatize 
organizations, enterprises, associations, pro-
fessional groups etc., which were originally 
administered through the public sector 
(Rondinelli, 1989) 

[ii] For the purpose of this study, this vari-
able was transformed into a dummy variable. 
The dummy variable is categorized as fol-
lows: Municipal Schools is coded (0) and 
Private Subsidized Schools is coded (1) 

[iii] In the dissertation for the degree Doc-
tor of Philosophy in Education (Cadiz, 
2001), several inferential analyses where 
developed by using Hierarchical Linear 
Models (HLMs) in order to examine the ex-
tent of differences in 4th grade Mathematics 
achievement among Chilean elementary 
schools 

[iv] The following equation allows us to 
determine the proportion of variance ex-
plained in β0j

Proportion of Variance = 

Explained in β0j
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