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Purpose of the Study 
 

It has been widely reported that individual backgrounds such as social class and race structure 

residential options in the United States (Massey, 1996; Massey & Denton, 1993). A highly structured 

pattern of residential segregation along racial and social class dimensions leads, in turn, to school 

segregation by social class and race (Orfield et al., 1996). Thus, schools are often categorized or 

differentiated according to the social class and racial composition of the communities and student 

population. Then, what would be the consequences of the social composition of schools for what happens 

inside the school as an institutional organization for learning? This study is particularly interested in 

examining the effect of the socioeconomic composition of schools on student math gains between 10
th
 and 

12
th
 grades.  

Since the publication of the Coleman Report, the social class compositional effect has been 

examined by many researchers (Bryk & Driscoll, 1988; Caldas & Bankston, 1997; Chubb & Moe, 1990; 

Gamoran & Berends, 1987; Jencks & Mayer, 1990; Meyer, 1970; Rumberger & Palardy, 2005; Thornton & 

Eckland, 1980; Willms, 1986). However, the findings have been inconsistent across studies. The 

inconsistent results of previous research have been attributed to its methodological and conceptual 

problems (Jencks & Mayer, 1990; Rumberger & Palardy, 2005). First, the most fundamental problem has 

been known as a “self-selection bias”, which is caused by inadequate distinction between contextual 

effects and family effects (Chubb & Moe, 1990; Jencks & Mayer, 1990; Kahlenberg, 2001; Willms, 1986). 

We need to distinguish between school-level effects and individual- and family-level effects in order to 

identify whether the effects of school composition occur because the school contextual differences caused 

by the distribution of student population affect school outcomes or because students attending high SES 

schools are simply from more academically oriented and motivated backgrounds.  

Another problem lies in the assumption of linearity of compositional effects. Some previous studies 

have shown that the compositional effects differ across students with different backgrounds (Jencks & 

Mayer, 1990; Mayer, 1991; Rivkin, 2000; Rusk, 1998; Willms, 1986). For example, Jencks & Mayer 

(1990) found that the mean SES of schools had a greater impact on the test scores of Blacks than of Whites. 

Rivkin (2000) found that school racial composition had no significant effect on 12
th
-grade composite test 

scores for Blacks. However, the findings from other studies indicate that the compositional effect is about 

the same for students with differing levels of social class (Rumberger & Palardy, 2005; Willms, 1986). 

Most of these studies used regression analysis and estimated the contextual effects separately for different 

groups or estimated school-by-background interaction effects. However, using a regression method in 

analyzing hierarchically structured data may cause some problems, such as aggregation bias, misestimated 

precision, and the unit of analysis problem (Bryk & Raudenbush, 1992).  

The final problem is related to the question of why and how the socioeconomic composition of 

schools affects student outcomes. Although some recent studies attempted to identify the mechanism 

through which compositional effects occur (Rumberger & Palardy, 2005), there are few studies which 

included detailed information on school characteristics that may mediate the relationship between the two. 

It is needed to include more comprehensive school-level characteristics to identify why and how the 

socioeconomic composition matters.  

This study attempts to address the methodological and conceptual problems which were raised in 

previous studies and thereby, to provide better understandings of the socioeconomic compositional effects 

on student outcomes, math gains. First of all, in order to better disentangle compositional effects from 

family and individual effects, this study seeks to control for a wide range of family- and individual-level 

variables including student sociodemographic backgrounds, family backgrounds, student initial 

achievement, student motivation and practices, and parents’ practices with regard to their children’s 

education. While most previous studies have controlled for family status variables, the indicators of what 

parents actually do have been often disregarded. Given the results of previous research that parent 

involvement positively affects student outcomes (Epstein, 1987; Ho & Willms, 1996), it will be highly 
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likely that the omission of such measures results in a self-selection bias. Secondly, this study attempts to 

extend and to improve upon previous studies by using a more appropriate and advanced statistical method 

for multi-level analysis, Hierarchical Linear Modeling. By doing so, it will be able to better estimate not 

only the effects of school-level characteristics on student math gains, but also the group-based differences 

in effects of school socioeconomic composition on student gains in math. Finally, this study seeks to better 

identify how and why the composition of student bodies affects educational outcomes by including four 

school-level factors as potential mediators, that is, intervening variables between the two: (1) other 

compositional characteristics of student population in a school, racial composition and average 

achievement; (2) structural characteristics, in terms of school sector, location, and size; (3) school 

resources; (4) school processes, in terms of school environment created by the behaviors and beliefs of 

fellow students, teachers, and parents.  

Focusing on the issues described above, this study addresses the following research questions: (1) 

does the socioeconomic composition of schools affect student gains in standardized math test scores above 

and beyond the family- and individual-level effects? (2) If so, what are the underlying mechanisms through 

which the social composition of schools affects student achievement? (3) Are students from specific 

backgrounds more affected than others by the composition of student population in a school? 

 

 

Method  
 

Data 

 

Data for this study are drawn from the first two waves of the Education Longitudinal Study: 2002 

(ELS:2002). The baseline sample includes a national sample of 752 high schools with 10
th
 grades and over 

15,000 high school sophomores who were randomly selected within each school. For the present analyses, 

the sample is limited to individuals who remained enrolled within the same school from the spring of 2002 

through the spring of 2004. The sample excludes cases that are missing a number of variables needed in 

analytical models. I also eliminated schools that have 4 or fewer student respondents. Therefore, data for 

this study are composed of 8,761 students nested within 685 schools.  

 

Measures 

 

The dependent variable of this study is students’ gains in math between the tenth and twelfth grades. 

Since it may be assumed that the math gain between the tenth and twelfth grades is not independent of how 

much a student knows in the tenth grade, the 10
th
-grade score on math is used as an independent variable in 

equations (Morgan & Sorensen, 1999). Other individual- and school-level variables used in the analyses 

are as follows.  

Individual-level variables: To address the problem of a selection-bias, a wide range of family- and 

individual-level variables are used in this study, including the measures of student demographic 

backgrounds, family backgrounds, student motivation and practices, and parents’ practices with regard to 

their children’s education. Student demographic background variables include gender and race. Family 

background variables include family SES and family structure. Students’ plan to take SAT and perspectives 

of math are included as measures of student motivation. Students’ years of advanced math course-taking 

and hours per week spent on math homework are used to control for student motivation and academic 

practices that may be related to math achievement. Finally, the measures of parent involvement include 

parent control of student activities, discussion of school-related issues, school contact regarding negative 

issues such as poor performance and problem behavior, school contact regarding positive academic issues 

such as course selection and school program, and parent involvement in school activities and events. Many 

of individual-level variables are composite measures which are developed using multiple items. In creating 
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composite measures, either factor analysis or reliability analysis was used to ensure the validity and 

reliability of measures.  

School-level variables: Four types of school-level variables are developed: (1) school 

compositional variables include the level of school poverty concentration based on the percent of students 

receiving free or reduced price lunch, percent of white students, and school mean of 10
th
-grade math 

standardized test scores; (2) structural variables include school sector, urbanicity, and school size; (3) 

resource variables include a composite measure of administrators’ reports of the extent to which learning is 

hindered by lack of resources in their schools and number of full-time math teachers; (4) school process 

consists of a composite measure of school social climate, two measures of academic climate (student 

morale and percent of 10
th
 graders in college preparation program), two measures of staff climate (teacher 

morale and the extent to which teachers press students to achieve), and school mean of parent involvement 

in school activities and events as a measure of parent participatory climate.  

 

Analytical Methods 

 

Hierarchical linear modeling (HLM) is used in order to disentangle school-level contextual effects 

from the individual- and family-level effects on math gains (Bryk & Raudenbush, 1992). The HLM 

analyses are conducted in following steps.  

First, as a preliminary analysis, an unconditional model is estimated with only the dependent 

variable, math gains, and no other student- or school-level variables in order to identify whether there is 

significant variance in math gains between schools. Since this study is also interested in variance in some 

specific student-level slopes, it is additionally examined whether student SES, racial, and gender slopes 

vary across schools. The chi-square statistics indicate that the intercept and racial slope significantly differ 

from one school to the other, however, student SES and gender slopes do not vary across schools.  

Based on such preliminary analyses, I specify the intercept and racial slope as random and 

represent it as a function of a set of school-level variables and unobservable school characteristics, that is, 

a random error term. Since this study seeks to identify the mechanism through which the socioeconomic 

composition of student body in a school affects student math gains, a series of random intercept and racial 

slope models are separately estimated with or without each type of school-level variables. In Model 1, the 

indicator of school SES, the percent of students receiving free or reduced price lunch, is entered. In Model 

2, two additional compositional variables, percent of white students and school mean of 10
th
-grade math 

test scores, and structural characteristics of school, sector, urbanicity, and school size, are added. In Model 

3, two indicators of school resources, number of full-time math teachers and administrators’ report of 

school resources, are additionally entered. In a final and full model, a number of school process variables 

are also added, including indicators of school social climate, academic climate, staff climate, and parent 

participatory climate. 

In estimating models, all continuous student-level variables are centered around their group means 

and dichotomous student-level variables are not centered. In the case of school-level variables, continuous 

variables are grand-mean centered and dichotomous variable are not centered. 

 

 

Results and Discussion 
 

The results from a series of multilevel models show that the socioeconomic composition of student 

population in a school is significantly associated with student math gains between the tenth and twelfth 

grade, above and beyond the individual and family effects and that the significant socioeconomic 

compositional effect is mediated by some school-level characteristics.  

Specifically, the result of Model 1 indicates that the effect of percent of students receiving free or 

reduced price lunch in a school is statistically significant, suggesting that attending a school with high 
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concentration of lower social class students decrease student gains in math. Although the coefficient is 

only -.104, which may not be considered as very substantial, it is still statistically significant, and the 

significant effect of school socioeconomic composition remains even after controlling for other 

compositional and structural characteristics of school in Model 2 and school resource variables in Model 3. 

The significant, negative effect of attending schools in which lower class students are concentrated 

disappears when school process variables are entered in the final model. The result indicates that two of 

school process variables are significantly related to student gains in math standardized tests: percent of 10
th
 

graders in college preparation program in a school and mean of parent school involvement in a school. It 

shows that students make greater gains in schools with higher percent of 10
th
 graders in college preparation 

and in schools with more parents involved in school activities and events. Particularly, the effect of mean 

of parent school involvement, .571, is not only highly significant (p <.001), but also quite substantial in 

magnitude. As such, it may be inferred from the analysis that the effect of socioeconomic composition of 

school student population is explained by school academic climate and parent participatory climate. In 

other words, students attending schools with higher proportion of lower class students make less gains in 

math standardized tests because students in those schools have fewer chances to interact with academically 

oriented peers and to benefit from the contributions made by parents.  

In this full model, a couple of other school-level variables are found to significantly affect student 

gains in math. They include Catholic schools, school mean of 10
th
 grader test scores, and number of full-

time math teachers in a school. Attending Catholic schools positively affects student math gains. The 

number of full-time math teachers in a school is also positively associated with math gains. However, it 

turns out that school mean of 10
th
 grade math test scores has a negative relationship with school mean 

gains in math. Similarly, individual-level initial achievement in math, 10
th
-grade test scores in math, also 

negatively affects student gains in math. The results indicate that students make greater gains in math when 

their previous achievement scores are lower and a school’s mean gains in math is greater when it is 

composed of students who have lower 10
th
-grade math test scores. Some previous studies on achievement 

growth have also revealed that achievement at time 1 has a negative relationship with achievement gains 

between time 1 and time 2 (Blau et al., 2001; Morgan & Sorensen, 1999). As Morgan & Sorensen (1999) 

point out, it may be attributable to either ceiling effects or regression toward the mean between the tests.  

This study is also interested in examining whether the effect of socioeconomic composition of a 

school would differ across students from different backgrounds. As Blau and her colleagues (2001) have 

examined whether the neighborhood contexts operate differently depending on individual-level 

characteristics such as gender, race, and SES, by allowing these individual-level variables to vary 

randomly in a second level equation of HLM, I have similarly examined if the effect of school 

compositional context differs for minority students and White students. The result shows that ‘being 

minority’ slope decreases with the increases in the percent of students receiving free or reduced price lunch 

in a school. It means that increases in poverty of student bodies decrease test gains in math for minority 

students relative to white students, suggesting that racial gap in math test gains is wider in schools with 

more proportion of students from lower class background. The result also indicates that racial gap becomes 

wider in schools which have more parents involved in school and more full-time math teachers. The 

negative effect of parent participatory climate of a school on minority slope may occur because involved 

parents are usually from middle-class, white backgrounds and because these parents’ narrow and 

particularistic concerns toward their own children often make them act in ways that separate their own 

children from those of lower social status, as some qualitative studies on parent involvement suggest 

(Brantlinger, 2003; Brantlinger et al., 1996; Lareau, 2000, 2003; McGrath & Kuriloff, 1999). However, it 

seems not clear why the number of full-time math teachers has a negative effect on minority slope.  

Finally, the result of full model shows that a number of student-level variables are significantly 

associated with student math gains, including gender, SES, family structure, plan to take SAT, student 

perspectives of math, years of advanced math course-taking, parent control, and the extent to which 

parents contact school about negative things. Specifically, being female, coming from lower SES families, 
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and living in a nontraditional family negatively affect math gains between 10
th
 and 12

th
 grades. Parent 

control and school contact regarding negative issues have also negative effects on math gains. Students’ 

plan to take SAT and years of advanced math coursework are positively related with student gains in math.  

The findings of this study reveal the importance of compositional context of student population in a 

school not only in determining how much a student makes gains in math standardized tests between 10
th
 

and 12
th
 grades, but also in shaping racial gaps in math achievement growth.  
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