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Foreword 

The Research and Development (R&D) series of reports has been initiated 

1) To share studies and research that are developmental in nature. The results of 
such studies may be revised as the work continues and additional data become 
available. 

2) To share results that are, to some extent, on the "cutting edge" of 
methodological developments. Emerging analytical approache3 and new 
computer software developments often permit new, and sometimes controversial 
analysis to be done. By participating in "frontier research," we hope to contribute 
to the resolution of issues and improved analysis. 

3) To participate in discussions of emerging issues of interest to educational 
researchers, statisticians, and the Federal statistical community in general. Such 
reports may document workshops and symposiums sponsored by NCES that 
address methodological and analytical issues or may share and discuss issues 
regarding NCES practice, procedures, and standards. 

The common theme in all these goals is that these reports present results or discussion 
that do not reach definitive conclusions at this point in time, either because the data 
are tentative, the methodology is new and developing, or the topic is One on which 
there are divergent views. Therefore the techniques and inferences made from the data 
are tentative and are subject to revision. To facilitate the process of closure on the 
issues, we invite comment, criticism, and alternatives to what we have done. Such 
responses should be addressed to: 

Emerson Elliott 
Commissioner 
National Center for Education Statistics 
555 New Jersey Ave. NW 
Washington, D.C. 20208 
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Executive Summary 

Overview of report 

This report illustrates the use of hierarchical linear models (HLM) with NAEP data to 
identify school and other correlates of student achievement. Based on an analysis of the 
1990 NAEP mathematics achievement data for 4th, 8th, and 12th graders in public schools, 
this study is part of an ongoing exploratory effort to demonstrate the potential usefulness of 
HLM, a state-of-the-art statistical procedure with NAEP, a complex data set. 

The focus of the report is on the methodology of using HLM with NAEP data, and 
the results of the study are presented as an illustration of that methodology. Due to the 
exploratory natv of the study and limitations of the data, policy changes are not 
recommended on the basis of this report. Instead, researchers are encouraged to use this 
analysis as the basis for an understanding of the procedures and questions involved in 
using NAEP data and hierarchical linear models for school effectiveness studies. 

Overview of HLM models 

HLM allows the examination of associations among multi-level, nested data such as 
students within schools by estimating simultaneous linear equations at the student level 
within schools and the school level between schools. HLM models explain student and 
school variation in achievement scores, using both student- and school-level variables as 
explanatory variables, while accounting for the variance at each level. Thus, HLM 
accurately models the multi-level nature of the data. In addition, HLM enables student-level 
outcomes such as gender and race-ethnicity differences in achievement to be predicted as a 
function of school-level factors. 

In this study, several types of HLM analyses were conducted on the 1990 NAEP data 
to predict achievement outcomes in overall mathematics and in geometry, one of the higher-
level subscales of mathematics achievement. The student characteristics used to predict 
mathematics and geometry achievement within schools were gender, race-ethnicity, 
socioeconomic status (SES), and coursetaking (in grades 8 and 12). Six groups of school 
characteristics were used to predict school-level outcomes: student body characteristics; 
school fiscal, physical, and staff resources; classroom instructional methods; and three 
components of campus climate (attitudes toward mathematics, student safety and behavior, 
and academic expectations). Within each grade, and separately for mathematics and 
geometry, HLM models estimated the association of the six groups of school characteristics 
with 1) the average achievement within schools; 2) the association of gender with 
achievement within schools, or the achievement gap between female students and male 
students within schools; and 3) the association of race-ethnicity with achievement within 
schools, or the achievement gap between African-American, Hispanic, and Native 
American students and white and Asian-American students within schools. In addition, two 
other exploratory analyses were conducted that examined alternative models for predicting 
the gender and race-ethnicity achievement gaps. The literature on school effects and on 
differences in mathematics achievement by gender and race-ethnicity provided the 
theoretical framework for these models. 



Considerations in developing HLM models with NAEP data 

In building the 1990 HLM models, five major considerations were taken into 
account. In addition,•speciftc NAEP variables were selected for the models based on the 
factors of variability. interpretive meaning, collinearity, and missing values: The major 
considerations in building the models were: 

1) Duplicating an earlier study. This study builds upon and improves a multi-level 
analysis of school effects on math and science achievement was conducted on the 1986 
NAEP data (see C. Arnold, P. Kaufman, and D. Sedlacek 1992 in chapter 1). That 
analysis was the first time HLM had been applied to the multi-level NAEP data, and it 
illustrated the value of using HLM when analyzing NAEP. In this study, two of the six 
1990 models are similar to 1986 models, and the 1990 results from these models are 
compared to the 1986 results. 

2) Developing new models. New models were developed that focused more on the 
classroom instruction and school climate factors that are believed to be related to student 
achievement and to gender and race-ethnicity differences in achievement. 

3) Maximizing the use of conditioning variables. Conditioning variables are those 
student, teacher, and school-level variables that were used to estimate the student plausible 
values of the achievement scores. The 1990 study was designed to determine whether 
using more conditioning variables would make a difference in the results and whether the 
conditioning variables would perform better than the nonconditioning variables. The 1990 
NAEP used many more conditioning variables than the 1986 NAEP, and in developing the 
models for this analysis, conditioning variables were used wherever possible. 

4) Choosing between random and fixed slope models. This consideration affected 
which student-level variables would be modeled and which would be used as control 
variables. For the major analyses of math and geometry, all three grades, and all six 
school-level models, a standard student-level model was developed. However, the 
alternative models explored using different combinations of fixed and random slopes. 

5) Deciding whether to estimate separate or combined models. This study developed 
and tested six separate between-school models, rather than testing one general model of all 
the variables or testing six models and combining the sigtiificant variables into one final 
model. Student body characteristics were included as control variables in each model. 
However, combined models can also be valuable, and a recommended second step might 
be to choose theoretically important (not necessarily significant) variables from each model 
to combine into a general model. 

Results: predicting average achievement between schools 

The final models identified several school characteristics that significantly predicted 
average achievement and the gender and race-ethnicity gaps within schools. Most of the 
significant results were based on variables that were both new to the models and were 
conditioning variables. The results include the following: 

Average achievement in the schools varied widely between the schools, and the HLM 
models were designed to model and explain this variation. In this study, student body 
characteristics were associated with average achievement, as they were in the 1986 study. 
In all three grades, schools with a higher percentage of African-American students in the 
school averaged lower math and geometry achievement, while schools with higher SES 



levels averaged higher achievement. Unlike the 1986 study, school resources were 
generally not associated with achievement. However, in grade 4, schools with higher 
percentages of students using computers in the school averaged higher math achievement 

Several classroom instructional methods used in math classes in the schools were 
associated with average achievement. Consistently, more time spent in doing problems 
from textbooks was associated with higher math and geometry achievement in grades 4 and 
8,. In addition, working with objects (rulers, blocks, shapes, and solids) was positively 
associated with geometry achievement in grade 4. Using calculators in math classes in 
grade 4 was negatively associated with math achievement, while using computers in math 
classes in grade 8 was negatively associated with math achievement and geometry 
achievement. However, both using calculators and writing math proofs in math classes 
were associated with higher math and geometry achievement in grade 12. 

School climate 'measures explained some of the variation in achievement. In one 
model, schools in which a larger proportion of 4th or 8th grade students held positive 
views about females and math averaged higher math achievement for all students in these 
grades. However, this was only significant when controlling for academic expectations of a 
school. More consistently, the more that 8th and 12th grade students felt they were good at 
and liked math, the higher was their average achievement in mathematics in grade 8 and in 
geometry in grade 12. Higher academic expectations were also associated with higher 
achievement in grades 8 and 12. In addition, in grade 12, schools with higher levels of 
disruption in the classroom averaged lower math and geometry achievement. 

Results: predicting the gender gap 

Within schools in grades 4 and 8, little or no average gender differences were found 
in math or geometry achievement, controlling for race-ethnicity, SES, and coursetaking. 
However, a wide range of gender differences existed between schools in these grades, and 
models were developed to explain that variation. In contrast, in grade 12, females averaged 
2.5 points achievement points lower than males in math and 6.5 points lower than males in 
geometry, and these differences varied little between schools. Nevertheless, models were 
developed to explain the slight variation that did exist in the grade 12 gender gap. No 
school characteristics explained the variation in the gender gap in grades 4 and 8, while in 
grade 12, only one variable in the six models was able to explain any variation in the gap— 
the gender gap in grade 12 geometry was larger in schools where computers were used 
more frequently in math classes. 

Results: predicting the race-ethnicity gap 

Average race-ethnicity differences in math and geometry within schools were more 
pervasive than gender differences. In each grade, in both math and geometry, African-
American, Hispanic, and Native American students averaged about 14 achievement points 
lower than did white and Asian-American students, controlling for gender, SES, and 
coursetaking. While this difference varied little among schools in grade 4, there was a wide 
variation in the size of the race-ethnicity gap in grades 8 and 12. A few variables explained 
this variation in the race-ethnicity gap. In grade 4 math and geometry, the race-ethnicity gap 
was smaller in schools where students spent more time on worksheets in math classes. In 
grade 8 math, working with objects was associated with a smaller race-ethnicity gap, 
whereas a smaller race-ethnicity gap in math in grade 12 was associated with a larger 
student/teacher ratio and more district instructional funds per student. 



Lessons learned about using HLM with NAEP data 

The outcomes of this study were the result of interactions between the type of data 
available in NAEP, the types of models that can be tested using HLM, and the way these 
interactions were expressed in the HLM estimates and statistics. Both NAEP and HLM 
worked very well when explaining variations in achievement. However, they did not work 
particularly well in explaining variations in the gender and race-ethnicity gaps. The reasons 
for this difference seem to stem from limitations of both NAEP and HLM. The HLM 
models were probably so successful in explaining the variations in the average NAEP 
achievement data becfuse assessment scores, even in the form of plausible values. are the 
product of years of tefinement by NAEP. and are the dataset's "best" variables. In 
addition, the intercept equation in HLM usually is the most reliable. In contrast, the gender 
and race-ethnicity gap equations are usually less reliable in HLM, and in this study they had 
little variance to explain. These equations are also more sensitive to problems with the 
predictor variables, and the NAEP data may not have been precise enough to capture the 
true associations between gender, race-ethnicity, and classroom and school climate factors. 

Despite the lack of predictors of the gender and race-ethnicity gaps. NAEP and HLM 
should be used to continue to explore these gaps. Besides constructing and testing other 
predictor variables, variations of the gender and race-ethnicity gaps can be created by 
testing interaction terms or different combinations of gender and race-ethnicity. However, 
if even these simple models were not successful, it is possible that the limitations of the 
data and the model may prevent researchers using HLM models and NAEP data from 
obtaining more meaningful results in this area. 

In the process of analyzing these results,. two patterns in the results appeared that are 
also related to characteristics of both NAEP and HLM. The first pattern was a lack of a 
consistent relationship between the amount of parameter variance, reliability, significant 
variables, and the proportion of variance explained. However, this was only an apparent 
lack of consistency, because parts of the HLM models were broken up for presentation 
purposes. In fact, they are interconnected models, and each part of the model affects the 
other parts. The second pattern was a sensitivity of the models to slight changes in 
variables, which showed that variable specification and choice is very important. 

Despite the problems of variable specification, lack of significant predictors, 
inconsistency in the statistics, and sensitive models, it is still possible to produce 
meaningful interpretations of HLM/NAEP results. First, the more the construction and 
univariate characteristics of a variable are known, the easier it is to explain their association 
with other variables. Second, variables that are significant across varying models with 
different control variables are more robust predictors than those that only appear in one 
model. A combined model can then be used to test the most theoretically important and 
predictive variables. Third. while statistical significance is necessary for interpreting a 
result, it may not always be sufficient. The practical significance of the results must be 
considered also. Given that the four anchor levels in math are 50 points apart, and the 
standard deviations around average achievement are between 30 and 40 points. variables 
that predict average achievement or gap differences of under 5 points may not be as 
important as those that predict changes of 10 or more points. 

The questions of whether using more conditioning variables would make a difference 
in the results and whether the conditioning variables would perform better than the 
nonconditioning variables were only partially answered. While more results were obtained 
using the 1990 dataset than in the previous study using the 1986 dataset, most of these 
results were in the new models not tested in 1986, and the two comparable models actually 
had fewer results in 1990. Using conditioning variables in these models seems to have 



contributed to finding significant associations with average achievement, although it did not 
help explain the gender or race-ethnicity gap. Although most of the conditioning variables 
were student-level variables aggregated to the school level, many were significant and had 
moderate effect sizes. While conditioning variables were not always significant, their 
presence may have made it more likely to find significant results. This suggests that 
conditioning variables should be used whenever possible, even if they are aggregated to the 
school level from the student level. However, since most of the conditioning variables used 
in 1990 were not available or not tested in models in 1986, it was not possible to tell 
whether their significance in 1990 was actually due to the fact that they are conditioning 
variables. 

Recommendations for NAEP 

This study is only the beginning of a detailed analysis of the relationships between 
gender, race-ethnicity, and achievement using HLM and NAEP data. For example, only 
main effects were tested in this study in order to keep the interpretations as clear as 
possible. However, the next stage of this research could examine the interaction of race-
ethnicity with both SES and gender using either interaction terms or separate models for 
subgroups. In addition, further research can investigate such areas as the associations 
between SES and attitudes towards math and between attitudes towards math and course-
taking patterns. This study also identifies areas that can he further investigated using more 
qualitative research methods. 

In many ways this study came up against the limits of the use of NAEP data, or any 
cross-sectional dataset, for studying school-level correlates of achievement and of gender 
and race-ethnicity differences in achievement. While many excellent indicators were 
included in NAEP, their presence led to a desire for more and even better measures. The 
following recommendations would improve the type of data that NAEP can provide for this 
type of research: 

1) Since NAEP is a cross-sectional study, it is not possible to tell what type of 
achievement growth has occurred during an academic year, and thus, whether any 
associations between school factors and achievement are due to factors during that school 
year. However, if some measure of achievement ability at the beginning of school year was 
provided, the association between school factors and current achievement could be 
examined, controlling for previous achievement. This would still not be causal evidence of 
school effects, but it would refine the correlational results. Since HLM models are 
correlational, they cannot indicate any causal relationships. Therefore, appropriate caveats 
should be included in all HLM research that might have causal or evaluative implications. 

2) Ideally, adequate samples of students within classrooms are needed to test 
associations between student achievement and classroom and teacher factors. Aggregating 
these factors across classrooms to the school level weakens the ability of these variables to 
explain student achievement. 

3) Whether or not classroom samples are provided, other more refined classroom 
measures are needed, such as student and teacher interactions during math instruction and 
the gender and race-ethnicity composition of the classroom and math workgroups. 

4) More information on the selection, derivation, validity, and reliability of the 
student background, classroom, and school climate questions would be helpful and would 
contribute to an understanding of what these variables actually measure. In addition, due to 



large numbers of missing values in the teacher variables, either more information on the 
missing values or more successful teacher data collection is necessary. 

5) Finally, the use of plausible values, particularly those that have been conditioned 
with student and school vanables, is still somewhat mystifying to researchers using NAEP 
data to identify student and school correlates of achievement. It would be helpful to have a 
non-technical explanation of the use of conditioning variables to create proficiency scores 
and the justification of their use as subsequent predictors of those scores, including the 
procedure of aggregating student-level conditioning variables to the school level and the 
effect of using these as school-level predictors on the results. 
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Chapter I 

Background and Purpose 

A. Introduction 

This report illustrates the use of hierarchical linear models (HLM) with NAEP data to 
identify school and other correlates of student achievement. Based on an analysis of the 
1990 NAEP mathematics achievement data for 4th, 8th, and 12th rde in public schools, 
this study is part of an ongoing exploratory effort to demonstrate t potential usefulness of 
HLM, a state-of-the-art statistical procedure with NAEP, a complex aet. 

The purpose of this report is to illustrate several types of HLM analyses that can be 
performed on NAEP data. These demonstration analyses show how HLM and NAEP can 
be used to identify school and classroom correlates of student achievement, controlling for 

school and student characteristics. In addition, the study also illustrates how the 
methodology and NAEP data allow an examination of school-level correlates of 
achievement differences by gender and race-ethnicity within schools. These analyses are 
conducted not only on the overall subject of mathematics, but on geometry, one of the 
higher-level subscales of mathematics achievement. The theoretical models for the study are 
based on the literature on school effects and on research on the differences in math 
achievement by gender and race-ethnicity, while the methodology is guided by the 
emerging writings on HLM and by the author's past experience with HLM and NAEP. 

This study builds upon and improves a multi-level analysis of school effects on math 
and science achievement that was conducted on the 1986 NAEP data.I That analysis was 
the first time HLM had been applied to the multi-level NAEP data, and it illustrated the 
value of using HLM when analyzing NAEP. This study differs from the Arnold, Kaufman, 
and Sedlacek analysis of the 1986 NAEP data in that it uses mathematics data only, rather 
than mathematics and 'science data, and several different models are developed. However, 
two of the 1990 models ate similar to 1986 models, and the 1990 results from these models 
are compared to the 1986 results. In addition, this report differs from the earlier study 
report in that it focuses more on the methodology of using HLM with NAEP data than on 
the results of the study. 

Due to the exploratory nature of the study and limitations of the data, policy changes 
are not recommended on the basis of this report. Instead, researchers are encouraged to use 
this analysis as the basis for an understanding of the procedures and questions involved in 
using NAEP data and hierarchical linear models for school effectiveness studies. 

B. Research on school effects and school effectiveness 

Research on "school effects" or "school effectiveness" seeks to identify the types of 
schools in which students attain higher achievement scores. Although the name implies 
causal relationships, most "school effects" studies, including this one, are actually "school 

1C. Arnold. P. Kaufman. and D. Sedlacek. School Effects on Educational Achievement in Mathematics and 
Science: 1985-86 (Washington. DC: U.S. Department of Education. National Center for Educational 
Statistics. 1992). 



correlation with achievement" studies. School factors that have been found or theorized to 
be correlated with achievement include school fiscal and physical resources, student body 
and community characteristics, school social structure, school climate, and instructional 
organization and methods? 

Despite the large number of variables identified that are theoretically linked to student 
outcomes, school effects research has always found it difficult actually to explain much of 
the variance in student achievement, especially with physical and fiscal school-level 
factors.3 Even within-school factors such as administrative and instructional organization 
and teacher characteristics and behavior have not been able to predict student learning 
adequately! Centra and Potter suggested in 1980 that research done on factors closest to 
student outcomes, such as student characteristics and behavior, might produce more 
results, especially if teacher and school factors at all levels of influence were also taken into 
accounts By 1989, Oakes was also pointing to a more synergistic model among school 
resources, school structure, and school culture that could serve as indicators of effective 
schools if the factors were all somehow taken into account together.6  

Of the types of school characteristics that were shown in the school effectiveness 
literature to be related to student achievement , six such groups of characteristics that could 
be measured in the NAEP dataset were identified and designated as separate models for this 
study. The groups were student body characteristics, fiscal, physical, and staff resources 
of the school, classroom instructional methods, and three aspects of school climate: 
attitudes towards math, student safety and behavior, and academic expectations. Using 
HLM allowed the relationship of these school-level characteristics to school and student 
achievement to be examined, while also taking into account the association of student-level 
characteristics with achievement. 

C. Research on mathematics achievement differences by gender and race-
ethnicity 

Besides being interested in finding school predictors of student achievement overall, 
educators are also concerned about differences in achievement by gender and race-ethnicity 
within and between schools, and about the school and classroom factors that might be 
related to those differences. The concern is particularly strong in relation to math and 
science achievement because success in these subjects opens up opportunities in higher 

2M. Rutter, B. Maughan, P. Mortimore, and J. Ouston, Fifteen Thousand Hours: Secondary Schools and 
Their Effects on Children. (Cambridge, MA: Harvard University Press, 1979); W. B. Brookover, C. Beady, 
P. Flood, J. Schweitzer, and J. Wisenbaker, School Social Systems and Student Achievement: Schools Can 
Make a Difference (New York: Praeger, 1979); C. S. Anderson, "The Search for School Climate: A Review 
of the Research," Review of Educational Research 52 (3) (Fall 1982): 368-420; M. Rutter, "School Effects 
on Pupil Progress: Research Findings and Policy Implications." in L. Schulman and G. Sykes (eds.) 
Handbook of Teaching and Policy (New York: Longman, 1983): 3-41; T. L. Good and R. S. Weinstein, 
"Schools Make a Difference: Evidence, Criticisms, and New Directions." American Psychologist 41 (10) 
(1986): 1090-97; B. L. Wilson and T. B. Corcoran, Successful Secondary Schools: Visions of Excellence 
in American Public Education (London: Falmer Press, 1988); S. E. Mayer and C. Jencks, "Growing Up in 
Poor Neighborhoods: How Much Does It Matter?,"Science 243 (March 1989). 
3J. Oakes, "What Educational Indicators? The Case for Assessing the School Context." Educational 
Evaluation and Policy Analysis 11 (2) (Summer 1989): 181-99. 
4.1. A. Centra and D. A. Potter, "School and Teacher Effects: An Interrelational Model," Review of 
Educational Research 50 (2) (Summer 1980): 273-91. 
5Ibid., 273-91. 
63. Oakes, "What Educational Indicators?" 



paying fields. While females tend to stay in math and science courses until high school and 
early college, the overall achievement of females in math and science drops below that of 
males during high school. For African-American and Hispanic students, achievement in 
math and science falls short of whites from early on, and these groups tend to drop out of 
math and science before high school.? 

In order to identify school and classroom factors that might be associated with smaller 
gaps in the achievement between males and females and between whites and African-
American, Hispanic, and other race-ethnicity groups, more specific information is needed 
about these patterns. For instance, when the math and science achievement levels of 
females and African-Americans and Hispanics fall below those of males and whites and 
Asian-Americans, the differences arc greatest in the higher order math and science skills.8  
For females, African-Americans, Hispanics, and other race-ethnicity groups, the 
relationships between lower achievement in these skills and the school and classroom 
characteristics that might mitigate these patterns in math and science need to be examined. 
Unfortunately, correlational analysis can only suggest associations between achievement 
and school and classroom characteristics. It remains for experimental research to confirm 
the presence and direction of any causal relationships. 

Previous research on the relationship between math achievement and gender and race-
ethnicity provides some guidance about variables to examine in this study. Peterson and 
Fennema found that gender differences in math achievement in elementary school may be 
related to type of classroom activities.9 Their studies show that females and males 
performed differently depending on whether math activities were competitive or cooperative 
and whether the tasks were low- or high-level cognitive tasks. In an ethnographic study, 
Weis also found that in high school, higher math achievement of females may be associated 
with their perception of their need to work, which is based on their social class, positive 
attitudes toward their own work, and being on an academic track in high schoo1.19  

In addition, Fennema and Peterson hypothesized that working autonomously is a 
necessary way to learn high level math skills.'1 They developed an "autonomous learning 
behavior model," in which autonomous learning behaviors are based upon internal beliefs 
such as confidence in one's math abilities, the perceived usefulness of math, believing that 
learning math is congruent with one's gender, and a belief that success is due to one's own 
ability and effort. Autonomous learning is more likely to occur with traditional instructional 
methods such as separate seat work rather than in cooperative groups.i2  

7.I. Oakes, Lost Talent: The Underparticipation of Women, Minorities, and Disabled Persons in Science 
(Santa Monica: The RAND Corporation, 1990): 15-20. 
8lna V. S. Mullis and Lynn B. Jenkins. The Science Report Card: Elements of Risk and Recovery 
(Princeton, NJ: Educational Testing Service, September 1988): 55-58 and John Dossey et al., The 
Mathematics Report Card: Are We Measuring Up? (Princeton, NJ: Educational Testing Service, June 
1988): 54-58. 
9P. L. Peterson and E. Fennema, "Effective Teaching, Student Engagement in Classroom Activities, and 
Sex-Related Differences in Learning Mathematics,"American Educational Research Journal 22 (3) (1985): 
309-35. 
10L. Weis, "High School Girls in a De-Industrializing Economy," in L. Weis (ed.). Class, Race, and 
Gender in American Education (Albany, NY: SUNY, 1988): 183-208. 
11E. Fennema and P. L. Peterson, "Autonomous Learning Behavior A Possible Explanation of Gender-
Related Differences in Mathematics," in L. C. Wilkinson and C. B. Marren (eds.). Gender-►elated 
Differences in Classroom Interactions (New York: Academic Press, 1985): 17-35. 
12For a review of this literature. see E. Fennema and G. C. Leder (eds.). Mathematics and Gender (New 
York: Teacher's College Press, 1990), especially Chapters 4 and 6. 
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Diverse factors have been associated with race-ethnicity differences in achievement. 
Ortiz identified several types of school and classroom resources that were not as available 
to Hispanic students as to non-Hispanic students, whether the Hispanic students were in 
bilingual or mainstream classrooms. These resources included material resources, such as 
books, computers, and school funding, and personal resources. which included number of 
teacher aides. credentials of teachers. teacher time and interactions with students, quality of 
teacher/student interactions, and the type of instructional method.13 Oakes showed that 
minority groups who lack nonschool educational enrichment resources and activities such 
as books, newspapers. computers. and trips to museums and other cultural events also 
have lower achievement than whites and Asian-Americans, who are more likely to have 
these home background advantages.14 In a summary of research on successful high school 
achievement, Oakes reported that overall achievement is based on "access to math and 
science instruction, eaYly achievement in math and science," positive attitudes towards math 
and science. and "high expectations and encouragement" from surrounding adults.15 In 
addition, she found that minority students, schools with higher percentages of minority and 
poor students, and students in nonacademic track classes receive lower level course 
content, types of thinking skills and topics, instructional methods, and homework 
expectations than other students and schools.16 All of these factors are associated with 
lower achievement. 

Ogbu points out that while African-American students may have very high 
educational aspirations and positive attitudes about learning, their actual behavior towards 
school work prevents them from reaching those goals.'? He explains that the strengthening 
of African-American identity may involve rejecting characteristics associated with being 
white such as working hard in school, and that this phenomenon cuts across class lines.is 
Stanlaw and Peshkin report research that suggests that having minority students represent 
15-40 percent of the total enrollment in a school supports racial harmony and positive 
identity for the minorities.19 However, they cannot confirm that this is true for every 
minority group or school. 

These studies suggest that the following variables might be associated with 
differences in achievement by gender or race-ethnicity: type of instruction; classroom 
activities and interactions; student confidence and perceived usefulness of math; attitudes 
about math and work; school, classroom, and teacher resources; expectations from adults; 
teacher and principal characteristics; high school program; and percentage of minority 
students in a school. Models expressing these' concepts were tested using the variables 
available in the 1990 NAEP. 

13F. I. Ortiz. "Hispanic-American Children's Experience in Classrooms:.A Comparison between Hispanic 
and Non-Hispanic Children," in L. Weis (ed.), Class, Race, and Gender in American Education (Albany. 
NY: SUNY, 1988): 63-86. 
14.1. Oakes, "Tracking in Mathematics and Science Education: A Structural Contribution to Unequal 
Schooling." in L.Weis (ed.), Class, Race, and Gender in American Education (Albany, NY: SUNY, 1988): 
106-25. 
15.I. Oakes, 'Tracking in Mathematics and Science Education." 112. 
181. Oakes. "Tracking in Mathematics and Science Education," 117-18. 
171. 0. Ogbu, "Class Stratification. Racial Stratification, and Schooling." in L. Weis (ed.), Class, Race, 
and Gender in American Education (Albany, NY: SUNY, 1988): 163-82. 
181. 0. Ogbu. "Class Stratification, Racial Stratification, and Schooling." 163-82. 
191. Stanlaw and A. Peshkin, "Black Visibility in a Multi-ethnic High School." in L. Weis (ed.), Class, 
Race, and Gender in American Education (Albany, NY: SUNY, 1988): 209-29. 
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D. The use of HLM in school effects research 

HLM is a multivariate regression-like technique that was developed specifically for 
use in school effects research. Before the development of HLM, school effects research 
had not been able to show conclusively that differences among schools were associated 
with different levels of student performance, in part because of persistent methodo 
problems. The major problem was that much of this research bad not adequately 	ed 
the multi-level nature of student achievement data. Students are nested within schools.2° 
Thus, students exist at one level of analysis and schools exist at a higher level of analysis. 
Since student characteristics vary within schools and school characteristics vary between 
schools, questions about school effects and achievement require the simultaneous 
exploration of relationships at the within- and between-school levels. However, earlier 
school effects research relied primarily on single-level multiple regression models at either 
the student level or the school level to assess school effects, and therefore failed to model 
the multi-level structure of these relationships accurately. Treating these data as if they were 
all at the same unit of analysis may have led researchers to misleading conclusions about 
the effect (or noneffect) of various aspects of the school environment on student 
achievement.21  

However, recent developments in the statistical theory of hierarchical linear models 
(HLM) solved these methodological problems. Some of the major theoretical and software 
applications of HLM were developed specifically to solve these problems in school effects 
research.n HLM allows direct representation of the association of school-level factors with 
student-level factors related to achievement within schools while controlling for the 
confounding factors at each level. It also partitions error variance into the appropriate level. 
In this way, it directly models the hierarchical nature of the data. As a result, within-school 
differences in achievement by student characteristics such as gender and race-ethnicity can 
be modeled as a function of school or classroom characteristics.23  

Since its development, HLM has been applied to numerous school effects studies.24  
This research has been very successful at distinguishing between student-level and school-

2°To be more exact, students are nested within classrooms within schools. An HLM analysis of these three 
levels is possible. However, there were not enough students per classroom or classrooms per school in the 
NAEP sample to analyze classroom differences as well as school differences. Therefore, this methodological 
discussion will focus on the student-level and school-level differences that were analyzed in this study. 
21 For an early warning on the dangers of using single-level models to model school effects, see L. 
Cronbach, Research on Classrooms and Schools: Formulation of Questions. Design, and Analysis. 
occasional paper of the Stanford Evaluation Consortium (Stanford, CA: Stanford University, 1976). For a 
review of the methods used before the advent of hierarchical linear models, see L. Burstein, "The Analysis 
of Multilevel Data in Educational Research and Evaluation," Review of Research in Education 8 (1980): 
158-233. 
22S. W. Raudenbush and A. S. Bryk, "A Hierarchical Model for Studying School Effects," Sociology of 
Education 59 (January 1986): 1-17; A. S. Bryk, S. W. Raudenbush, M. Seltzer, and R. Congdon, An 
Introduction to HLM: Computer Program User's Guide. 2nd ed. (Chicago IL: University of Chicago, 
Department of Education, 1988); A. S. Bryk and S. W. Randenbush, "Toward a More Appropriate 
Conceptualization of Research on School Effects: A Three-level Hierarchical Linear Model." in R. D. Bock 
(ed.), Multilevel Analysis of Educational Data (San Diego. CA: Academic Press, 1989); and A. S. Bryk and 
S. W. Raudenbush, Hierarchical Linear Models for Social and Behavioral Research: Applications and Data 
Analysis Methods (Newbury Park. CA: Sage. 1992). 
23A. S. Bryk and S. W. Raudenbush, Hierarchical Linear Models for Social and Behavioral Research: 
Applications and Data Analysis Methods (Newbury Park, CA: Sage. 1992). 
24See for example L. Bernstein. The Application of Hierarchical Linear Modeling to Multilevel Student 
Achievement Data, paper presented at the American Educational Research Association (Chicago. IL: 1991); 
V. E. Lee and A. S. Bryk. "A Multilevel Model of the Social Distribution of High School Achievement," 
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level differences. Explaining these differences has proved more elusive, however. and 
researchers continue to posit models and to identify and specify variables that will account 
for more of the variance. 

In several ways, school effects research is back at the beginning stages of a research 
program. On the one hand, school effects research seems to be starting over by testing the 
variables used in single-level models in new, multi-level models in order to determine 
which of the old theoretical models are still valid. On the other hand, new theoretical 
models are being developed based on the new questions that can be asked using HLM. 
Both efforts are needed, because at the same time that the methods have caught up to the 
theories, the school effects research and theory are beginning to catch up with the available 
methods. Recent research has confirmed the value of multi-level models, the importance of 
modeling variations in school effects on different subgroups of students, the need to take 
student body characteristics into account, and the importance of distinguishing between 
sampling and explainable (parameter) variance.25 In addition, some researchers point out 
that longitudinal data is better than cross-sectional data in monitoring "the effects of school 
policies on changes in student performance."26 However, as in single level models, both 
longitudinal and cross-sectional studies are valuable. 

This cross-sectional study included variables based on past theoretical models of 
school effects that predict within-school achievement with between-school characteristics. 
In addition, new theoretical models were tested to predict within-school differences in 
achievement by gender and race-ethnicity based on between-school characteristics. 

E. The use of NAEP In school effects research: strengths and limitations 

This analysis relied on the main mathematics assessment data from the 1990 National 
Assessment of Educational Progress (NAEP). NAEP biennially tests a nationally 
representative sample of students in grades 4, 8, and 12 in public and private schools.27 In 
addition, in 1990 NAEP also collected representative data from 37 states, the District of 
Columbia, and two territories, in the first trial of a series of voluntary state-level 

Sociology of Education 62 (1989): 172-92; S. W. Raudenbush and A. S. Bryk. "A Hierarchical Model for 
Studying School Effects." Sociology of Education 59 (January 1986): 1-17; R. W. Rumberger and J. D. 
Willms, The Impact of Racial and Ethnic Segregation on the Achievement Gap in California High Schools, 
paper prepared for the Annual Meeting of the American Educatiwal Research Association (Chicago. IL: 
1991); J. D. Willms and M. Chen. "The Effects of Ability Grouping on the Ethnic Achievement Gap in 
Israeli Primary Schools," American Journal of Education 97 (3) (1989): 237-57; and J. D. Willms and S. 
Jacobsen, "Growth in Mathematics Skills During the Intermediate Years: Sex Differences in School 
Effects," International Journal of Educational Research 14 (1990): 157-74. For a review of educational 
applications, see S. W. Raudenbush, "Educational Applications of Hierarchical Linear Models: A Review," 
Journal of Educational Statistics 13 (2) (1988): 85-116. For a recent collection of applications. see S. W. 
Raudenbush and J. D. Willms, Schools, Classrooms and Pupils: International Studies of Schooling from a 
Multilevel Perspective (San Diego, CA: Academic Press, 1991). 
251. D. Willms and S. W. Raudenbush, "A Longitudinal Hierarchical Linear Model for Estimating School 
Effects and Their Stability," Journal of Educational Measurement 26 (3) (1989): 209-32 and J. D. Willms, 
Monitoring School Performance: A Guide for Educators (London: Falmer Press. 1992). 
26.I. D. Willms and S. W. Raudenbush, "A Longitudinal Hierarchical Linear Model for Estimating School 
Effects and Their Stability,"Journal of Educational Measurement 26 (3) (1989): 209-32. 
27Students in grades 4, 8. and 12 were sampled starting in 1988. Between 1969-70 and 1986, most NAEP 
samples consisted of students ages 9, 13, and 17. In 1986, students in grades 3, 7, and 11 were also 
sampled. See U.S. Department of Education, National Center for Education Statistics, The NAEP 1990 
Technical Report (Washington, DC: Government Documents, February 1992). 
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assessments.28 The primary goals of NAEP are to detect and report the current status of, as 
Well as changes in, the educational attainments of American students. NAEP meets these 
goals by thoroughly testing students on a wide variety of items and subscales in reading, 
writing, math, science, and other subjects. However, besides achievement data, NAEP 
also collects a rich array of contextual information about the students, their teachers, and 
their schools. 

This comprehensive set of data makes NAEP well-suited for a stud• of student, 
classroom, and school correlates with student achievement. Many of the contextual 
variables in NAEP are drawn from the school effects literature, so using them allows the 
testing of theoretical relationships between variables and achievement. In addition, NAEP 
includes math attitude questions that are based on standard scales used in research on 
gender and math, including a specific question about gender and math.29 There are also 
numerous other variables that can be used to explore the relationships between 
achievement, gender, and race-ethnicity. 

As a cross-sectional data set, NAEP provides the most complete "snapshot" of 
American elementary and secondary student achievement currently available. The detailed 
achievement data together with the collection of information at the various levels of student, 
classroom, teacher, principal, and school make it unique among national datasets. In 
addition, while the three grades included-4th, 8th, and 12th—provide a comparison of 
students in elementary school, middle school, and high school at the same point in time, the 
biennial fielding of NAEP allows comparisons over time. 

However, NAEP has limitations related to sample design, variable selection and 
construction, data collection, and proficiency score estimation that raise questions about the 
validity and interpretation of the results in the areas of classroom instruction and school 
climate, especially in complex studies such as this. Four concerns that could affect the 
interpretations of this study are reviewed here.30  

First, the sample design of NAEP requires collecting data on about 2C-40 students in 
each school across classrooms in each grade, and data are available about the students, 
about instruction in their classrooms (from both students and teachers), and about the 
schools. However, the classroom data cannot be identified by classroom, but can only be 
connected to each student, or aggregated across the school. Even if the data could be 
grouped by classroom using the teacher ID, there would be too few students per classroom 
to analyze. Therefore, the estimation of any relationship between classroom instruction and 
average school achievement, which is what this study attempts to do, is diluted by the 
aggregation of instructional patterns from a variety of classrooms. 

While these classroom data could be used within schools to analyze the relationship 
across students, the fact that an unknown number of students would be in the same 
classrooms would bias the variance. Ideally, enough classroom data would be available to 
estimate a three-level HLM model of students within classrooms within schools, but that 
would greatly expand the NAEP sampling design. Meanwhile, the classroom instructional 
variables, whether they come from the teachers or students, lose much of their strength in 

28U.S. Department of Education, National Center for Education Statistics, NAEP 1990 Trial State 
Assessment Secondary-use Data Files User Guide (Washington, DC: Government Documents, June 1991). 
29E. Fennema and J. Sherman, "Fennema-Sherman Math Attitudes Scales," JSAS: Catalog of Selected 
Documents in Psychology 6 (1) (Ms. No. 1225. 1979): 31. 
"This discussion is based, in part, on comments by L. Burstein about another NAEP report, documented 
in a letter to S. Shakrani, Design and Analysis Branch, Education Assessment Division, NCES, March 8. 
1994. 
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their aggregation to the school level, and it would not be surprising if they produced few 
significant results. 

Second, while the many of the student, classroom, and school climate questionnaire 
items seem based on school effects, gender, and race-ethnicity research, there is little 
information in the NAEP technical manual about how these items were selected or derived, 
and whether they have been validated by NAEP or previous questionnaire developers. 

For instance, the validity and reliability of measuring types of math instructional 
methods by gross frequency rather than by minutes a day was not provided, and the ability 
of students to estimate either the frequency or minutes of instruction was not mentioned. 
While it was helpful to have the student estimates of these variables to back up the teacher 
information (see below), the reliability of their perceptions remained a question. Likewise, 
the measurement of the home environment with only reading materials seems to need 
justification. At least one item, on math and fender, is the only question on that topic, and 
since there are a wide variety of ways in the literature to measure that attitude, the rationale 
for using this particular question is unclear. In addition, this item is included in a NAEP-
derived variable about positive perceptions about mathematics, although it is debatable 
whether it measures the same dimension of perceptions. Overall, in order to build complex 
models, the variables used in those models must be reliable indicators of underlying 
phenomena, and with no information about these items, doubts do arise. 

Third, one part of the sample design is to collect data from the teachers of some of the 
students in grade 4 and grade 8 math classes. While this is better than no information on 
teachers, teacher and classroom data would be more powerful if there were classrooms full 
of students to go with them, as mentioned above. However, given the current sample 
design, an even greater problem exists with the teacher data—the number of missing values 
that made most of the teacher data unusable. Some of the missing values may be due to the 
fact that not all of these students were taking math. However, it was not clear whether too 
few teachers had been sampled, too few students were taking math, or too few teachers had 
responded. For whatever reason, there were too many missing values on teacher variables, 
so the result was an inability to use the teacher characteristics or instructional variables. 

Finally, providing five plausible values and rather just one score for student 
proficiency makes NAEP a more challenging dataset than others with more traditional 
measures of achievement. This report and the software developed during this study are 
designed to demystify and simplify the use of plausible values and their statistics. 
However, these procedures, and the lack of a non-technical explanation of their necessity, 
may still be a barrier to the wider use of NAEP. 

F. Assumptions of causality in NAEP HLM studies 

NAEP provides cross-sectional, correlational data rather than a longitudinal or 
experimental design. While it is tempting in an HLM school effects study to make causal 
assumptions and conclusions, it is important to remember that the correlational design of 
the study allows only the identification of associations rather than causal relationships 
between school and student factors and student achievement. 

In addition, although NAEP is cross-sectional, the school, teacher, and student 
variables in NAEP do not necessarily occur at one point in time, or at any known time for a 
known duration, so it is not possible to know whether any of the school factors could have 
preceded achievement and thus influenced student achievement. First, although the 
assessment occurs in the Spring, there is no measure of a student's previous achievement 



score, so it is not possible to determine the level of achievement that has been gained during 
that school year. In addition, there is no way to know whether the school factors, teacher 
characteristics, or classroom instructional methods have been in effect all year, or have 
been constant for years. 

Similarly, there is no way to know whether students have been in their respective 
schools long enough for that school to have had an impact on their achievement. It is more 
likely that the students in grades 4 and 12 rather than grade 8 would have been in the same 
school during the previous year or so, because of the grades included in elementary and 
high schools. However, that would not be true if they recently moved. The students in 
grade 8 would have been in the same school in previous years only if they attended an 
elementary school that included 8th grade or a middle or combined school that started 
earlier than 8th grade. If they were in their first year of a new middle or high school, or if 
they had recently moved, they might not have been in the school long enough for 
achievement to be affected. 

In order to prevent any assumptions of causality, this report has avoided the use of 
the words with cause-and-effect connotations such as "effect." Instead, the association 
between variables with significant coefficients has been emphasized. Any causal 
implications remaining are unintentional, and need to be confirmed with more experimental 
research. 

G. Past HLM analysis of NAEP data 

Arnold, Kaufman, and Sedlacek performed the first HLM analysis of NAEP data, 
and solved many logistical and statistical problems in using both together.31 That study, 
which used 1986 NAEP data, modeled traditional school effects variables as correlates to 
student achievement in math and science in three grades. However, those models resulted 
in few significant school or teacher characteristics. One explanation was that the models 
posited to explain differences in achievement by gender and race-ethnicity were based on 
school effects research, but not on gender and race-ethnicity research. 

Another explanation for this lack of results was the low number of "conditioning" 
variables used to create the 1986 NAEP plausible values of achievement scores. 
Conditioning variables are those student, teacher, and school-level variables that were used 
to estimate the student plausible values of the achievement scores.32 If variables not used to 
impute the plausible variables are used in regression models, their coefficients are mis-
estimated.33 Since few conditioning variables were used to create the 1986 plausible 
values, this limited the number of variables that could produce reliable and unbiased 
regression estimates. 

31C. L. Arnold, P. D. Kaufman, and D. S. Sedlacek, School Effects on the Relationship Between Science 
Achievement and Gender, Race-ethnicity, and SES in Grades Three, Seven, and Eleven: 1985-86, paper 
presented at the Annual Meeting of the American Educational Research Association (Chicago. IL: 1991): 
and C. L. Arnold, P. D. Kaufman, and D. S. Sedlacek, School Effects on Educational Achievement in 
Mathematics and Science: 1985-86 (Washington, DC: U.S. Department of Education, National Center for 
Education Statistics, 1992). 
32For more information about conditioning variables, see chapter two. For more information on the 
creation and use of plausible values, see A. Rogers et al., National Assessment of Educational Progress: 
1990 Secondary-use Data Files User Guide (Princeton, NJ: Educational Testing Service, March 1992). 
33R. J. Mislevy, Randomization-Based Inferences About Latent Variables From Complex Samples 
(Princeton. NJ: Educational Testing Service, September 1988). 
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These problems were addressed in the current study. First, the 1990 NAEP used 
many more conditioning variables than the 1986 NAEP to create the plausible values, and 
these conditioning variables were used whenever possible as predictors of student 
achievement. Second, several models were developed specifically to predict average 
achievement differences by gender and race-ethnicity, based on research on gender and 
race-ethnicity differences in achievement. Third, besides predicting math achievement 
overall, the geometry subscale was also used as an outcome variable in order to investigate 
gender and race differences in higher order math skills. 

H. Purpose and organization of report 

The purpose of this report is to demonstrate the type of HLM analyses that can be 
performed on NAEP data. For this purpose, a research study was conducted using HLM 
on NAEP data, and the results of that study are discussed. The study is presented in the 
context of the methodology, and the results of the study are used to illustrate aspects of the 
methodology. However, in order to provide continuity with earlier research, the results of 
this study are compared to an earlier, similar study. 

The first and major chapter discusses the methodology of the study. This chapter 
starts with an introduction to the statistical method of HLM, and describes the process of 
developing HLM models, including special considerations needed when using NAEP data. 
Then, the data sources, sample, and the choice and construction of models and variables 
used in this analysis are discussed. Finally, the technical details of running HLM on NAEP 
data and the interpretation of HLM statistics are explained. 

The following three chapters present the results of the analysis for 1) models 
explaining school differences in average achievement, 2) models explaining school 
differences in achievement by gender, and 3) models explaining school differences in 
achievement by race-ethnicity. Results are presented in text tables and discussed in the text. 
Appendix A contains supporting tables of the HLM results. 

Following the presentation of the results of the models, the next chapter contains the 
results of .two exploratory analyses investigating alternative models for explaining 
differences by gender and race-ethnicity. These analyses are reported and discussed. The 
report ends with a summary and discussion of the results, a discussion of what was learned 
about using HLM with NAEP, and a set of recommendations for further research, the use 
of HLM, and changes in NAEP. 



Chapter II 

Methodology 

This chapter presents the methodology of developing and estimating HLM models, 
using the current study as an example. The first section provides a brief introduction to 
hierarchical linear models (HLM) and discusses the types of models that can be tested using 
the basic two-level HLM. The second section describes the process of developing HLM 
models, including special considerations needed when using NAEP data. This section also 
describes the data preparation and variable creation for the HLM models used in this study. 
The third section details the software logistics of estimating HLM models with NAEP data. 
The final section discusses the statistics used to interpret HLM results, including the 
interpretations of these statistics in this exploratory study. 

A. Hierarchical Lineal Moods (HLM) 

Overview of hierarchical linear models (HLM) 34  

Like most data about schools and student achievement, the data collected under 
NAEP is hierarchical in nature because students, at one level of analysis, are nested within 
schools, at the next higher level of analysis. Hierarchical linear models address the problem 
of students nested within schools in the following way. Using a sample of schools with a 
sample of students in.a particular grade within each school, a student-level linear regression 
model is estimated for each school to predict the association of student characteristics with 
student achievement in that grade. This is the level-I equation. 

Simultaneously, a school-level regression model is estimated for the schools at the 
school level to predict the association of school characteristics with each of the school-level 
estimates—the intercept and each coefficient—from the student-level models. This is the 
level-2 equation. Separate estimates are produced for the variance at level one within 
schools and the variance at level two between schools. Conceptually, HLM consists of 
estimating regressions of regression results, except that the equations at each level are 
estimated at the same time rather than sequentially, and the variance at one level is taken 
into account in estimating the next level. 

34 This overview is based on A. S. Bryk and S. W. Raudenbush. Hierarchical Linear Models: Applications 
and Data Analysis Methods (Newbury Park. CA: Sage. 1992). 



Two-level HLM equations 

Each two-level HLM analysis consists of the following steps.35 In the first step, the 
within-school models are estimated using ordinary least squares (OLS) regression analysis. 
For instance in this study, the most basic within-school model estimates achievement as a 
function of the following student characteristics—gender, race-ethnicity. and SES. This 
results in an equation for each grade level in each school that consists of regression 
coefficients (called Betas in HLM) that estimate the association of achievement with being 
female, with race-ethnicity, and with SES level for student in that grade level in that school. 
The equation also estimates an intercept, which represents the average achievement in the 
school. Within each school, the equation at each grade level takes the form of the following 
regression equation: 

Within-school student-level equation36  

	
Yij = ‘30j + DIPC10 + 132jX2ij + 02,X34 + rii (2.1) 

where: 	i represents the ith student 
j represents the jth school 
yo represents the achievement score of the ith student 

in the jth school 
Poi is the intercept, or the average achievement in the jth school 

pi; is the Beta coefficient for gender in the jth school 

132j is the Beta coefficient for race-ethnicity in the jth school 

03, is the Beta coeffilient for SES in the jth school 
X io represents the gender of the ith student in the jth school 
X2i represents race-ethnicity of the ith student in the jth school 
X31j represents SES of the ith student in the jth school 
ro is random error in the jth school. 

35These steps are actually simultaneous. but they can be understood most easily as sequential. 
36The forms of these equations are taken from A. S. Bryk and S. W, Raudenbush, Hierarchical Linear 
Models: Applications and Data Analysis Methods (Newbury Park, CA: Sage, 1992). and C. L. Arnold. "An 
Introduction to Hierarchical Linear Models." Measurement and Evaluation in Counseling and Development 
25 (2) (July 1992): 58-90' 
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In the second step of the HLM analysis, the intercept and the regression coefficients 
from the first step in the analysis become the outcome measures in the second step. That is, 
each of these within-school parameters—the intercept and the other Betas—is used as a 
dependent variable in a separate equation and the variation in these within-school 
parameters is modeled. These between-school equations produce coefficients (called 
Gammas in HLM) that estimate the association of each school-level characteristic with (in 
the case of this study) either the average achievement, the differences in achievement by 
gender, or the differences in achievement by race-ethnicity within the schools. 

When the schoo)-level equations are estimated in HLM, the data from each school are 
weighted by the inverse of their variance around these parameters. That is, the schools with 
the most variance (usually those from smaller samples) are given less weight in 
contributing to the final school-level parameter estimates. 

At the within-school level. HLM requires researchers to specify which within-school 
variables will be modeled with random parameter variance and which will be specified with 
fixed parameter variance. If the variable is considered to be random, then the parameter 
variance around its parameter coefficient is expected to vary randomly between schools. If 
the variable is considered to be fixed, then its parameter coefficient is expected to be the 
same in each school and its parameter variance is set to 0. The usual purpose of fixing is to 
allow a more efficient estimate of HLM models if there is in fact no variation around the 
parameter. However, another purpose of fixing is to add control variables to a within-
school equation without losing degrees of freedom in the estimation. For a more detailed 
discussion of the use of variables with fixed and random parameter variance, see the 
exploratory analyses in chapter six. 

In this study, the intercept, gender, and race-ethnicity parameters were allowed to 
vary randomly, and this variation was modeled as a function of the school-level 
characteristics across schools. The SES parameter coefficient was assumed to be the same 
for all schools, so SES was used as a control variable, and its variation was fixed and not 
modeled. 



The following equations illustrate these models. First, the unconditional models are 
shown. These are the school-level models with only their intercept. They ,are called 
unconditional because they are not conditioned on, or predicted by, any school 
characteristics. Following the unconditional models are the conditional models, which 
include the school characteristics as predictors for the random parameters.37 If the equation 
includes the random error term, up) then the parameter variance has been designated as 
random. If there is no random error term, the parameter variance has been designated as 
fixed, i.e., Var (upj ) 4, so the parameter, NJ is assumed to be the same for all j schools. 

Between-school school-level equations 

a) Unconditional (before any school characteristics are added as predictors) 

130j =- 700 + uoj 	 (Intercept equation) 	 (2.2) 

PiJ =710 +141j 	 (Gender gap equation) 	 (2.3) 

132j = 72o + u2j 	 (Race-ethnicity gap equation) 	(2.4) 

(33j = 73o 	 (SES equation) 	 (2.5) 

where: 	Poj represents the intercept, or the average achievement in the jth 
school 

(3 j represents the gender coefficient in the jth school 

P2j represents the race-ethnicity coefficient in the jth school 

(33) represents the SES coefficient in the jth school 
p is the number of within-school parameter equations (from 0 to 3 

in this example) 
Tpo is the intercept, or the average within-school parameter value in 

the pth equation 
up) is random error in the pth equation. 

37Three similar terms are used in this report. "Conditional" and "unconditional" HLM models refer to the 
level-2 models with and without any independent variables. "Y conditoned on X" refers to independent 
variables (X) used to predict the dependent variable (Y) in the conditional models. "Conditioning" variables 
refer to variables used to create NAEP plausible values. All three terms are slightly different labels for 
independent variables used in regression equations. 
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b) Conditional (with school characteristics added as predictors) 

Poj = 100 7oi Woii + 702 WO2j 	10m WON + U0) 	 (2.6) 

Yio + 711 	+ 712Wi2j+ 	+ 7irnWimi+ 	 (2.7) 

132j = 120 721 W2 1j + 122 W22j 	+ 72m W2mj u2j 	 (2.8) 

03j = 730 	 (2.9)

where: 	ypi is the Gamma coefficient for the first school-level variable in 
the pth equation 

1p2 is the Gamma coefficient for the second school-level variable in 
the pth equation 

•ypm is the Gamma coefficient for the mth school-level variable in 
the pth equation 

Woj represents the value of the first school-level variable in the jth 
school in the pth equation 

Wp2) represents the value of the second school-level variable in the 
.01school in the pth equation 

Wimv represents the value of the mth school-level variable in the jth 
school in the pth equation 

m is the number of school-level parameter variables. 



Questions tha► can be asked wi►h HLM models 

By designating the intercept and coefficients from the within-school equations as the 
dependent variables in the school-level equations and correctly modeling within- and 
between-school variation in achievement, HLM directly models the hierarchical nature of 
the data. These HLM models allow us to explain average student achievement in a school 

(110), the intercept in the within-school equation) as a function of school characteristics. In 
addition, HLM allows us to explain the association between student characteristics, such as 

gender or race-ethnicity, and achievement within schools (the Ppj coefficients from the 
within-school equation) as a function of school characteristics. The ypm coefficients, or 
Gammas, from the between-school equations are the major indicators of school correlates 
with average achievement and of school correlates with the association of gender and race-
ethnicity with achievement. 

These equations allow us to ask several types of questions. The intercept equation 
(Eq. 2.6) measures the association of school characteristics, such as average amount of 
time spent taking math tests, with the average achievement in schools. This part of the 
model addresses questions such as, did schools with more than the average amount of time 
spent taking math tests have higher average achievement levels than schools with less than 
the average amount of time spent taking math tests? 

The gender parameter equation (Eq. 2.7) measures the association of school 
characteristics, such as the average amount of time spent in small groups, with the gap in 
achievement between females and males, a gap that varied between schools. It addresses 
the question, did schools where students worked in small groups more than the average 
amount have a smaller or larger gap in achievement between females and males compared 
to schools where students worked in small groups less than the average amount? 

The race-ethnicity parameter equation (Eq. 2.8), measures the association of school 
characteristics, such as the average amount of time spent in small groups, with the gap in 
achievement between African Americans/Hispanics/Native Americans and whites/Asians, a 
gap that varied between schools. It addresses the similar question, was the school-level 
characteristic of time spent in small groups associated with a smaller or larger gap between 
African Americans/Hispanics/Native Americans and whites/Asians? 

Therefore, the types of questions researchers can use HLM models to answer are 
those which ask either how school characteristics are associated with average achievement 
in schools, or how school characteristics are associated with such student charac•eristics as 
the gender or race-ethnicity gap in schools. These are exactly the types of questions that 
school effects researchers and gender and race-ethnicity researchers ask, but until the 
advent of HLM they had no good statistical way to answer. 



B. Selecting and Preparing NAEP data for HLM Models 

This section contains explanations of the sample selection, the considerations 
involved in developing HLM models and choosing particular variables for an HLM 
analysis with NAEP data, the variable creation process, and the data and variable 
preparation process. 

Choosing the NAEP sample 

The study in this report uses the 1990 National Assessment of Educational Progress 
(NAEP) in mathematics to examine the relationship between school-level data and 
individual student-level math test data for a nationally representative sample of 4th, 8th, and 
12th graders in public schools. This particular sample was selected for the following 
reasons. Mathematics, especially higher-level mathematics, is an important policy area for 
educational equity by gender and race-ethnicity. By focusing only on mathematics, not only 
could school correlates with overall mathematics scores be examined, but school correlates 
with subscale scores for geometry, a higher-level mathematics area, could be examined. 
Public schools were chosen both in order to control for type of school, and because policy 
changes could only directly affect public schools. 

The three grades—fourth, eighth, and twelfth—were of interest in order to examine 
these correlates for students in elementary, middle, and high school, since different gender 
and race-ethnicity dynamics operate at these different levels. NAEP tests students in these 
three grades, regardless of age. However, NAEP also tests students in appropriate ages, 
regardless of grade. Therefore, choosing students in the target grades eliminated students in 
other grades. Only the target grades were chosen because mathematics achievement levels 
are seen as a function of grades, rather than ages. 

The study sample was obtained in the following way from the NAEP main 
mathematics assessment files. The NAEP files consist of student files of all students 
assessed in a particular subject and grade/age group. In these files are the student-level 
proficiency scores as well as the student background data. These student files from the 
math assessment also contain data from the math teachers of 4th graders and 8th graders 
who were taking 4th grade or 8th grade math. These teacher data are connected to the 
particular student. NAEP also provides school files of the schools that participated in each 
assessment, for each subject and grade/age group. These files consist of data about the 
school and its community obtained from NAEP and from a school characteristics, principal 
characteristics, and school policies questionnaire that was distributed to each sampled 
school. About 93 percent of the schools completed these questionnaires.38  

In the main mathematics assessment student files, there were 8,790 students in grade 
4/age 9, 8,634 students in grade 8/age 13, and 8,406 students in grade 12/age 17. In the 
main mathematics assessment school files, there were 815 grade 4/age 9 schools, 688 
grade 8/age 13 schools, and 596 grade 12/age 17 schocls.39  

38A. Rogers et al., National Assessment of Educational Progress: 1990 Secondary-use Data Files User 
Guide (Princeton, NI: Educational Testing Service. March 1992). 
39A. Rogers et al., National Assessment of Educational Progress: 1990 Secondary-use Data Files User 
Guide (Princeton. Ni: Educational Testing Service. Revised-lune 1992) and U.S. Department of Education. 
National Center for Education Statistics, National Assessment of Educational Progress, 1990 NAEP: Math 
Assessment of 4th, 8th, and 12th Grade Students. Restricted-Use Data Base. 
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For this study, only students in the target grades were selected from the student files, 
and this sample consisted of 6,467 students in grade 4, 6,473 students in grade 8, and 
6,311 students in grade 12. From the school files, only public schools were selected, 
creating a sample of 557 grade 4/age 9 schools, 424 grade 8/age 13 schools, and 458 grade 
12/age 17 schools. When these files were merged, so that only students in target grades 
who were also in public schools were included, the final sample consisted of 5,080 
students in 257 schools in grade 4, 5,198 students in 174 schools in grade 8, and 4,953 
students in 186 schools in grade 12. In this sample, the grade 4 schools averaged 20 
students per school, with a range of 4 to 46 students/school, the grade 8 schools averaged 
30 students per school, with a range of 1 to 63 students/school, and the grade 12 schools 
averaged 27 students per school, with a range of 4 to 49 students/school. 

Deleting private schools and choosing only target grades for this sample created an 
unsystematic subsample from the original mathematics assessment student and school 
samples. This violated the sample design and weighting scheme of the total math sample. 
Since the weights meant for the total math sample were used, the estimates in this sample 
will be somewhat biased. 

Developing HIM Models from NAEP Data 

In developing the HLM models in this study, there were five different goals or 
considerations to take into account when constructing models and choosing variables. The 
first goal was to replicate models from the earlier HLM study or: the 1986 NAEP data. 
These models had all been based on the school effects literature. The second goal was to 
test new models using new or different NAEP variables, specifically those hypothesized to 
relate to differences in achievement by gender and race-ethnicity. A third goal was to use as 
many "conditioning" variables as possible, since the 1990 NAEP dataset contained more 
conditioning variables than the 1986 NAEP dataset. A fourth consideration was to choose 
which within-school variables would be random and which would be fixed, and to choose 
the appropriate school-level variables to model the random student-level parameters. A fifth 
consideration was to decide whether to estimate several separate models or to estimate one 
general model. After these considerations have been taken into account, then one can 
proceed to determine the appropriateness and availability of particular variables in the 
NAEP dataset, including checking for collinearity. 

These five goals and considerations each influenced the final choice of models and 
variables. In this section, the background, importance, and decision of each goal or 
consideration is reviewed. In the following section, the final models and variables are 
presented. 

I) Duplicating earlier models 

One goal was to replicate the models tested in the earlier study with the 1990 NAEP 
data. However, there were some changes in variables between the 1986 NAEP and the 
1990 NAEP datasets, and the 1990 NAEP had more missing values than the 1986 NAEP, 
especially in the areas of school resources and teacher and principal characteristics. 
Therefore, only two out of six models used on the 1986 NAEP data were replicated, and 
even in these models, the variables were not exactly the same. These models—the student 
body characteristics and the school resources—are discussed in the next section. 



2) Developing new models 

Another goal was to test new models using new or different NAEP variables, 
specifically those related to differences in achievement by gender and race-ethnicity. These 
new models focused more on the classroom instruction and school climate factors that are 
believed to be more related to student achievement and to gender and race-ethnicity 
differences in achievement than are physical and fiscal school characteristics. These models 
are discussed in the next section. 

3) Maximizing the use of conditioning variables 

Conditioning variables are related to plausible values, which are the product of the 
NAEP assessment procedures. Like previous NAEP Assessments, the 1990 Mathematics 
Assessment employed:a variant of matrix sampling called balanced incomplete block (BIB) 
spiraling. With this procedure, the total assessment battery is divided into several 15-
minute blocks of test items and two 5-minute blocks: one of student background 
characteristic items and one of content area items about math instruction, coursetaking, and 
attitudes. The background and content blocks were common to all students at each grade 
level. Each student was administered a booklet containing three blocks of test items as well 
as the two 5-minute blocks of background and content items. The BIB part of the method 
assigns blocks of test items to booklets in such a way that each pair of blocks appears in at 
least one booklet. This generates a number of different booklets. The spiraling part of the 
method then cycles the booklets for administration, so typically no two students in any 
assessment session in a school, and at most only a few students in schools with multiple 
sessions, receive the same booklet. At each age/grade level in the main math assessment, 
there were seven booklets. Each block of items was administered to approximately 3,700 
students and each pair of blocks to approximately 1,225 students 40  

Item response theory (IRT) was then used to estimate proficiency scores for each 
individual student, since each students had been tested on only a portion of the test items. 
However, these proficiency scores are latent variables conditional on the student's 
responses to several cognitive and background items and are not directly observed. That is, 
a set of cognitive and background variables (referred to as conditioning variables) as well 
as the student's assessment item reponscs predicted the proficiency score a similar student 
would earn if they had answered all the items. Because the proficiency scores are not 
observed but estimated, there is some amount of uncertainty or variance associated with 
them. Thus, rather than having a single observed achievement score, there is a range or 
distribution of plausible values for each sampled student's proficiency. Each plausible 
value for an individual is not a scale score for that individual but may be regarded as a 
representative value from the distribution of potential scale scores for all students in the 
population with similar characteristics and identical patterns of item response. 

In the NAEP dataset there are five such plausible values for each sampled student 
resulting from five random draws from the conditional distribution of plausible values for 
each student. Section C in this chapter explains how to use these five plausible values in the 
HLM analysis of achievement. 

Conditioning variables are thus those student, teacher, and school-level variables that 
were used to estin. ate the student plausible values of the achievement scores. One goal of 
this analysis was to maximize the use of conditioning variables in the estimated models. In 

4°A. Rogers et al., National Assessment of Educational Progress: 1990 Secondary-use Data Files User 
Guide (Princeton, NJ: Educaticmal Testing Service, March 1992). 



the 1986 study, very few school or teacher characteristics were found to be significantly 
related to achievement. One explanation for this lack of results was the low number of 
conditioning variables used to create the plausible values of achievement scores during that 
year. 

Studies by the Educational Testing Service have shown that statistics that involve 
variables that were included in the imputation of the plausible values for student proficiency 
scores are consistent estimators of population values. However, statistics involving 
background variables that were not used in the imputation of the plausible values have been 
shown to be biased. Inparticular, analyses of reading proficiency scores in the 1984 NAEP 
Reading Assessment indicated that multiple regression coefficients for nonconditioning 
variables tend to be underestimated by an average of 30 percent's' However, while 
misestimating the effects of nonconditioned variables, the direction of effects of 
nonconditioning variables are almost always correct. Therefore, one goal when using 
regression-like analysis with NAEP is to use as many of these conditioning variables as 
possible. 

The 1990 study was designed to determine whether using more conditioning 
variables would make a difference in the results and whether the conditioning variables 
would perform better than the nonconditioning variables. The 1990 NAEP used many more 
conditioning variables than the 1986 NAEP. Although many of these conditioning variables 
had large numbers of missing values, both their missing and nonmissing values were used 
to estimate plausible values. Therefore, HLM analyses of the 1990 NAEP had a greater 
likelihood of producing significant results if models contained as many of the conditioning 
variables as possible. In developing the models for this analysis, conditioning variables 
were used wherever possible. In this analysis, most of the school-level variables used in 
the composite variables created in this analysis are conditioning variables, that is, they were 
used in the imputation of the plausible values, although some are not. 

However, many teacher-level conditioning variables had too many missing values to 
use in the models. In order to increase the use of conditioning variables, several student-
level conditioning variables were aggregated to the school level, where it is believed that 
they still "counted" as conditioning variables. Also, variables that were necessary to the 
model but could not be represented by conditioning variables were used. For these latter 
variables, although the analysis has correctly informed us on the direction of their effects, 
the size of these effects may have been underestimated by some unknown amount. In this 
discussion of HLM models as well as in the final discussion in chapter six, variables are 
labeled as either conditioning or nonconditioning variables. 

4) Choosing between random and fixed-slope models 

At the within-school level, HLM requires researchers to specify which within-school 
variables will be modeled with random parameter variance and which will be specified with 
fixed parameter variance. If the variable is considered to be random, then the parameter 
coefficient is expected to vary randomly between schools. If the variable is considered to be 
fixed, then its parameter coefficient is expected to be the same in each school and the 
parameter variance is set to O. In this case, the coefficient can only vary nonrandomly based 
on the variable's actual variation in the sample of schools. The usual purpose of fixing is to 
allow a more efficient estimate of HLM models if there is in fact no variation around the 
parameter. In this case, the nonrandom variation of this parameter is not usually modeled, 

41R. J. Mislevy, Randomiza►ion-Based inferences about Latent Variables from Complex Samples 
(Princeton, NJ: Educational Testing Service, September 1988). 



although it can be. However, another purpose of fixing is to add control variables to a 
within-school equation without losing degrees of freedom in the estimation. 

In this study, the within-school variables of interest, gender and race-ethnicity, were 
allowed to vary randomly and were modeled, while the control variables of SES and 
coursetaking were fixed and were not modeled. The intercept, gender, and race-ethnicity 
parameters were allowed to vary randomly because they were the variables of interest. 
Their variation was modeled as a function of the school-level characteristics across schools. 
The between-school" equations produced the Gamma coefficients that estimated the 
association of each school-level characteristic with either the average achievement in 
schools, the association of gender with achievement, or the association of race-ethnicity 
with achievement within the schools. 

The SES and course-taking parameters were fixed, both because their assocation with 
achievement was not expected to vary between schools, and because they were primarily 
being included as control variables. Fixing control varibles saves degrees of freedom in the 
within-school models. For a more extensive discussion on how to determine statistically 
whether variables should have a fixed and random parameter variance, see the exploratory 
analyses in chapter six. 

5) Deciding whether to estimate separate or combined models 

As in the earlier study, this study developed and tested six separate between-school 
models, rather than testing one general model of all the variables or testing six models and 
Combining the significant variables into one final model. These six separate models 
reflected the six groups of school characteristics that were deemed to be of theoretical 
importance based on previous school effects research—student body characteristics, fiscal, 
physical, and staff resources of the school, classroom instructional methods; and three 
aspects of school climate: attitudes towards math, student safety and behavior, and 
academic expectations. However, student body characteristics were included as control 
variables in each model. 

These models were tested separately for the following theoretical and practical 
reasons. First, dividing the variables into six models avoided over-controlling with too 
many variables and obscuring some effects that might be significant. Secondly, grouping 
the variables into theoretical models allowed each distinct concept to be tested, controlling 
for student body characteristics, using related variables as controls whether or not	they 
were significant. This provided more theoretically coherent models. It was believed that 
extracting the significant variables from each model and running them in a final general 
model would have removed them from their theoretical context and controls. 

However, creating separate models also has some disadvantages. Variables in 
separate models cannot control for each other, and some results might be different if 
variables from other models were included. In addition, while separate models can 
potentially explain much of the parameter variance, variables in other models might add to 
the explanatory power. 

Therefore, this method of creating separate models could also be seen as a good first 
step towards creating a general model. A recommended second step would be to choose 
important (not necessarily significant) variables from each model to combine into a general 
model. This model would test the association of those variables with controls from other 
models. Then the proportion of variance explained would express the explanatory power of 



all the selected variables together, instead of measuring their explanatory power separately 
in each model. 

Choosing the final models and variables 

Overview 

This section discusses the final HLM models that were chosen for this study, how 
they differed from the study on the NAEP 1986 data,42 the reasons why the variables were 
included, and which variables were conditioning variables. The following section contains 
the details of variable creation and data preparation. 

HLM models consist of student-level models that predict outcomes within schools 
and school-level models that predict the intercepts and coefficients from the student-level 
models between schools. The purpose of this study was to develop student-level models to 
predict two student-level mathematics achievement measums—the overall composite math 
score and the geometry subscale score—for students in grades 4, 8, and 12, and to 
develop school-level models that would predict the results of these models. Separate HLM 
analyses were run for each achievement measure (the math score and the geometry score) 
within each grade level (4, 8, and 12), producing six separate analyses. 

For each analysis, this study used student-level models to predict achievement as a 
function of gender, race-ethnicity, socioeconomic status (SES) 43 and coursetaking within 
schools, and used school-level models to predict the interc:g, or average achievement, and 
the gender and race-ethnicity coefficients between schools. While the gender and race-
ethnicity coefficients were predicted by school-level models, SES and coursetaking were 
included in the student-level equations as control variables. 

These student-level models differed from the earlier study using 1986 data in the 
following ways. In the present study, course-taking variables were a new addition to the 
student-level equations in grades 8 and 12. Also, the parameter variance for the SES and 
course-taking variables was set to 0, or fixed, and these control variables were not 
modeled. In the earlier study, SES had been left as a random and modeled variable. 

Six school-level models were tested in each grade. These models included the student 
body characteristics model, the school resources model, the classroom instructional 
methods model, and three school climate models—math attitudes, student behavior and 
safety, and academic expectations. The student body characteristics model used exactly the 
same.variables as the earlier study, although school-level SES was measured differently. 
The school resources model combined variables from the earlier fiscal and physical school 
characteristics model with variables from the earlier school program structure model. The 
classroom instructional methods model, the school climate (math attitudes) model, school 
climate (student behavior and safety) model, and the school climate (academic expectations) 
model were completely new. Table 2.1 lists the variables that were used in each model. 

Only one of the school-level models—student body characteristics—replicated a 
model tested in the earlier study, and one model—school resources—used variables from 

42C. Arnold, P. Kaufman, and D. Sedlacek, School Effects on Educational Achievement in Mathematics 
and Science: 1985-86 (Washington, DC: U.S. Department of Education. National Center for Educational 
Statistics, 1992). 
43SES was created from several variables in the NAEP dataset. some of which were problematic. For more 
information on this variable, see the discussion of SES in the next section on student-level models. 



several of the earlier models. However, most of the models differed from those used in the 
1986 study. In addition, more of these models contained variables used for "conditioning" 
the plausible values of the achievement scores. 



Table 2.1.—Variables used in the HLM models 

Student-level variables 

Dependent Variables 

Overall mathematics assessment score 
Geometry subscale assessment score 

Predictor Variables 

All grades 
Gender 
Race-ethnicity (African-American, Hispanic, Native American, or other 

versus white or Asian-American) 
Socioeconomic status (Constructed from several NAEP variables) 

Grade 8 only 
Student is currently taking algebra (yes/no) 

Grade 12 only 
Number of years student has taken geometry 
Number of years student has taken calculus 

School-level variables, by model 

Student body characteristics 

Percentage of student body that is African-American 
Percentage of student body that is Hispanic 
Average socioeconomic level of study sample (aggregated from student-level SES measure) 

School resources 

Number of students in school 
Student/teacher rauo 
District instructional funds per student 
Microcomputers per student (grade 4) 
Percentage of students using computers as part of math instruction (grade 4) 

Classroom instructional methods 

In math class, in this grade, how often students: 
Work in small groups 
Work with objects (Grade 4: blocks, rulers, shapes; Grade 8: blocks, rulers, solids; 

Grade 12: rulers, Compasses, and protractors) 
Do problems on worksheets 
Do problems from textbook 
Take math tests 
Use calculator 
Use computer 
Write math proofs (grade 12) 
Formulate own problems (grade 12) 



Table 2.1.—Variables used in the HLM models—Continued 

School climate: Math attitudes 

Students feel math is useful 
Students enjoy and feel competent in math 
Students disagree that math is more for boys (yes/no) 

School climate: Student behavior and safety 

Index of problems in the school (grade 4) 
Percentage of students enrolled from beginning to end of year (grade 4) 
Average absenteeism in grade last month (grades 8. 12) 
Students feel classes are often disrupted (grades 8, 12) 
Students feel unsafe at school (grades 8, 12) 

School climate: Academic expectations 

Amount of instruction 4th graders receive in math per week 
Math is identified as a special priority (yes/no) (grade 4) 
Mean composite math score of grade/age sample in school (not used to predict intercept) 
Percentage of 8th grade students who are taking algebra 
Percentage of 12th grade students in academic/college prep high school program 
Mean number of years 12th grade students have taken calculus 

SOURCE. U.S. Department of Education. National Center for Education Statistics. National Assessment of 
Educational Progress, 1990 Secondary-use Data Files: Data File Layouts and Codebooks for Age 9/Grade 4. 
Age 13/Grade 8. and Age 17/Grade 12. 

Student-level models within schools 

Dependent variables: Math composite and geometry subscale 

Two dependent variables were used in each of the three grades—the student 
composite score on the total math assessment and the student score on the geometry 
subscale of the math assessment. Although the geometry score was one of the subscales in 
the math composite score, this score was examined separately because it represented a 
higher order math subject in which females and minorities often lag behind males and 
whites. In addition, geometry scores were available in all three grades, unlike algebra and 
other higher level subscales. 

Independent variables of interest: gender and race-ethnicity status 

Within schools, the major variables of interest as predictors of math and geometry 
achievement for each grade were gender and race-ethnicity. The purpose of the gender 
variable was to examine the differences in achievement between females and males. The 
race-ethnicity variable compared the achievement of African-Americans, Hispanics, and 
Native Americans-to that of whites and Asian-Americans. Whitts and Asian-Americans 
were grouped together because the average NAEP scores of these groups were similar and 
the average scores of the other groups were all much below whites and Asian-Americans." 

"See A. Dossey et al., The Mathematics Report Card: Are We Measuring Up? Trends and Achievement 
Based on the 1986 National Assessment (Princeton. NJ: Educational Testing Service, 1988), and 1. V. S. 



In addition, Asian-Americans often averaged higher scores than whites, and the purpose of 
the race-ethnicity variable was to examine the school effects on the achievement gap 
between the whites and groups who averaged lower scores than whites. The white/Asian-
American group was used as the reference group. 

These variables measured the differences in achievement by gender and race-ethnicity 
within schools, and these differences then became dependent variables in between-school 
models that identified the school characteristics associated with those differences. The 
gender and race-ethnicity variables were both conditioning variables. 

Independent variables as control variables: SES 

Also included in the within-school equations in grades 4, 8, and 12 was a measure of 
student socioeconomic status (SES). This variable was created as an indicator of student 
disadvantage, and it was included so the association of school characteristics with 
achievement and with differences by gender and race-ethnicity could be examined holding 
disadvantage constant. For this reason, it was used as a control variable. While it was 
associated with student achievement itself, this association was not examined in this study. 
In the earlier study, few variables were found to predict SES, and this area would be a 
good one for future HLM research. However, in this study, SES was used as a control 
variable and was not modeled. In addition, its parameter variance was set to 0, or "fixed," 
because it tends to be constant across schools. This also provided more degrees of freedom 
for the gender and race-ethnicity coefficients. The components of SES were also 
conditioning variables. 

SES was created by combining several student-reported variables—mother's and 
father's education levels and four items about the number of reading items in the home. 
Because these items were all student-reported, they were not completely reliable, especially 
the fourth graders' knowledge of parental educational levels. For instance, the parent's 
educational levels were missing for both parents for 38 percent of fourth grade students, 
compared to 10 percent of eighth graders and 3 percent of twelfth graders. In contrast, 
missing values on the four reading items ranged from only 1 to 8 percent for fourth 
graders, 3 to 5 percent for eighth graders, and 1 to 3 percent for twelfth graders. If any of 
the six items were missing, the SES value was based on any non-missing items, so SES 
was missing for a student only if all items were missing for that student. Therefore, the 
components of SES varied by student. Given this unreliabiliy and variation, it was 
surprising how consistently significant this variable was in each grade.. 

Independent variables as control variables: course-taking variables 

In grades 8 and 12, course-taking variables were also included in the within-school 
equations as control variables. Differences in math achievement, especially by gender and 
race-ethnicity, often result from different course-taking patterns. In addition, the higher the 
level of math courses taken, the better a student can be expected to score on a math or 
higher level math test. Therefore, the course-taking measures were used as control 
variables so that the effects of gender and race-ethnicity could be examined above and 
beyond these effects. 

Mullis and L. B. Jenkins. The Science Report Card: Elements of Risk and Recovery. Trends and 
Achievement Based on the 1986 National Assessment (Princeton. NJ: Educational Testing Service. 1988). 



In grade 8, the course-taking measure consisted of whether or not students were 
taking algebra in the 8th grade, as opposed to taking other 8th grade math course options 
such as 8th grade math or pre-algebra. Taking algebra controlled for the highest level of 
current math instruction to which the students had been exposed. In grade 12, different 
course-taking measures were used to predict geometry and math achievement. In the 
equation predicting geometry achievement, the number of years of geometry taken by the 
12th grade students was used as the control variable because it would control for the 
amount of geometry to which the students had been exposed. In the equation predicting 
math achievement, the number of years of calculus taken by the 12th grade students was 
used as the control variable. Calculus was used because it was one of the highest math-
level subjects, so it would control for students who had taken very high levels of math. All 
of the course-taking variables were conditioning variables. 

Since course-taking patterns are associated with differences in achievement by gender 
and race-ethnicity in the literature, the course-taking coefficients in the within-school 
equations could be used as dependent variables in equations that would identify school 
factors associated with these patterns. While this exploration was not the major focus of 
this study, it would be a good area for future research. However, in this study, these 
variables were used as control variables only , and they were not modeled. In addition, the 
parameter variance of these variables was set to 0, or "fixed," in order to provide more 
degrees of freedom for the gender and race-ethnicity coefficients. However, an exploratory 
analysis was performed without including coursetaking in the within-school model to 
determine how much of the gender gap coursetaking explained. The results of this analysis 
are reported in chapter six. 

Between-school models 

Student body characteristics 

The student body characteristics model was the first school-level model in this 
analysis to predict average achievement, the gender gap, and the race-ethniciv gap. The 
student body characteristics used were the racial-ethnic distribution and socioeconomic 
level of the students. The racial-ethnic distribution measures included the percentage of 
African-American students and the percentage of Hispanic students in the entire school. 
The SES measure created at the student level was averaged by school and used as an 
indicator of the socioeconomic level of the school. This school-level SES variable differed 
from the 1986 school-level "disadvantaged index." The components of the disadvantaged 
index used in that study were not available in the 1990 NAEP. 

As in the earlier study, these student body characteristics were used both as predictors 
and as control variables in the between-school models. These variables provide 
demographic portraits of schools that are often used in distinguishing schools. Therefore, 
they were first used as predictors to determine whether schools that vary on these aspects 
also vary in average achievement, gender differences, and race-ethnicity differences. 
Second, they were used as control variables to ensure that the associations of other school 
characteristics with average achievement, gender differences, and race-ethnicity differences 
held true for schools with each type of student body distribution. All subsequent models 
included these student body characteristics as control variables. 

The student body characteristics variables were all conditioning variables. The race-
ethnicity variables were conditioning variables at the school level, and the components of 
the SES variable and the course-taking variables were conditioning variables at the student 
level, aggregated to the school level. 



School resources: Fiscal, physical, staffing, and students 

The school resources model tested whether any of the fiscal, physical, staffing, or 
student resources of schools were associated with average achievement within schools and 
with gender and race-ethnicity differences within schools. The school resources tested in all 
three grades were the number of students in the school, the student/teacher ratio, and the 
amount of district instructional funds per student. In addition, in grade 4, the number of 
computers per student in the school and the percentage of students in the school using 
computers as part of math instruction were also tested in an additional school resources 
model. Except for the percentage of students using computers, all of these variables were 
tested in the earlier study. However, none were conditioning variables in either study. 

The percentage of students using computers was seen as a resource variable because 
it was an indicator of the availability of computers in the school, i.e. the physical presence 
of computers, while the amount of time spent using computers was seen as an instructional 
methods variable (next model) because it was an indicator of how time was used for math 
instruction, i.e., the time spent using computers. 

Classroom instructional methods 

The classroom instructional methods model was based on the amount of time sampled 
students in each grade reported spending in math class in a number of instructional 
situations, aggregated to the school level. These instructional situations were working in 
small groups, working with rulers, blocks, and shapes (grade 4); or rulers, blocks, and 
solids (grade 8); or rulers, compass, and protractor (grade 12); doing problems on 
worksheets, doing problems from a textbook, taking math tests, using a calculator, using a 
computer; and in grade 12, writing math proofs and formulating their own math problems. 
All of these variables were introduced after the earlier study, and all were conditioning 
variables at the student level, aggregated to the school level. This model tested whether the 
average time sampled students in that grade spent in these instructional situations was 
associated with the level of average achievement and the size of the gender and race-
ethnicity gaps. 

School climate: Math attitudes 

The school climate attitudes model tested how the attitudes students in the sample 
grade held about math, about themselves and math, and about females and math were 
as!lciated with average achievement and the size of the gender and race-ethnicity gaps. The 
attitudes about math were measured by the school average of whether students felt math 
was used in jobs and useful for solving everyday problems. The attitudes about math and 
themselves were represented by the school average of whether students liked math and felt 
they were good at it. Positive attitudes about females and math were expressed by the 
percentage of students who disagreed that math was only for boys. These attitudes were all 
measured and used as conditioning variables at the student level, aggregated to the school 
level. All of these variables were new to this study. 

School climate: Student behavior and safety 

The school climate student behavior and safety model used the math attitudes 
variables as control variables, and tested the association of behavior and safety issues with 
average achievement and the size of the gender and race-ethnicity gaps. Different behavior 



and safety issues variables were used for grade 4 and for grades 8 and 12. In grade 4, 
behavior and safety issues were represented by two school variables—an index of 
problems in the school as reported by the principal, and the percentage of students in the 
school who were enrolled for the entire school year, which was an indicator of the transient 
nature of the student body. These variables were measured at the school level and were not 
conditioning variables. In grades 8 and 12, behavior and safety issues were measured by 
the average absenteeism of the students, and the percentage of students who do not feel 
safe at school and the percentage who feel that students often disrupt classes. These 
variables were measured at the student level in the sample grade and were all conditioning 
variables, aggregated to the school level. 

School climate: Academic expectations 

The school climate academic pressures and expectations model used the math attitudes 
variables as control variables, and tested the association of academic expectations with 
average achievement and the size of the gender and race-ethnicity gaps. Different measures 
of academic expectations were used for each grade. In grade 4, academic expectations were 
measured by the amount of math instruction per week that 4th graders receive in math, and 
whether math achievement was identified as a special priority in the school. In addition, the 
school's mean math composite score for grade 4 was used to predict the gender and race-
ethnicity gaps. These three variables were measured at the school level, but only the 
school's math mean was a conditioning variable. In grade 8, the only academic 
expectations variable was the percentage of 8th graders taking algebra, which is the 
student-level variable used in the within-school equation aggregated to the school level. 
This variable was a conditioning variable at the student level. In addition, as in grade 4, the 
school's mean math composite score for grade 8 was used to predict the gender and race-
ethnicity gaps. In grade 12, two variables measured academic expectations—the percentage 
of students enrolled in the academic/college prep high school program, and the average 
number of years that students have taken calculus. These variables were student-level 
variables that were conditioning variables, aggregated to the school level. In addition, as in 
grades 4 and 8, the school's mean math composite score for grade 12 was used to predict 
the gender and race-ethnicity gaps. 

Normally, average achievement could not be used as an independent variable in any 
part of an HLM model if the dependent variable was achievement—the equation could not 
be estimated with such a self-referencing variable included. However, this measure of 
average achievement was the NAEP-calculated mean of the NAEP grade/age sample. Since 
that mean was substantially different than the mean that would be obtained from the study 
sample of the target grade students, the NAEP mean could be included as an alternative 
measure of academic math ability in the school without jeopordizing the equation. The 
purpose of including it in the gender and race-ethnicity equations was to test the association 
of overall math abilities in the school with the gender and race-ethnicity gaps found in the 
particular target grade. 

Checking for collinearity 

All of the student-level and school-level variables were checked for collinearity, 
whether or not they were in the same models, and if they were highly correlated, they were 
not included in any model. None of the variables in the student-level models were 
correlated. At the school level, most variables that were highly correlated were rejected for 
the models. For instance, one classroom instructional method, working autonomously, 
was highly correlated with all the other methods in every grade, so it was not included. In 



the grade 12 math attitudes and academic expectations model, the percentages who were on 
the academic track and taking calculus were chosen because they were the least correlated 
of any similar variables (r=.37). 

However, some variables that were moderately correlated (over r=.50 and significant) 
were included in the same model. In grade four, math attitudes about math being useful and 
enjoying math were each correlated with positive attitudes towards females and math 
(r=. 0). In grade 8, the aggregated SES composite variable was moderately correlated with 
percentage of Hispanics in a school (r=-.50), the school math mean was correlated with 
SES (r=.70), and somewhat correlated with percent African-American in a school (r=-.55). 
As in grade four, grade 8 math attitudes about math being useful and enjoying math were 
each correlated with positive attitudes towards females and math (r=.76 and r=.91, 
respectively). 

In grade 12, the school math mean was somewhat correlated with percent African-
American in a school (r=-.57). This school math mean was also somewhat correlated with 
aggregated SES (r=.72), with aggregated not feeling safe (r=-.52), and with percentage on 
academic track (r=-.59). Aggregated time spent using textbooks was moderately correlated 
with taking tests (r=.57) and using calculators (r=.61). As in grades 4 and 8, grade 12 
math attitudes about math being useful and enjoying math were each correlated with 
positive attitudes towards females and math (r=.82 and r=.91, respectively). In addition, 
attitudes about math being useful and those about enjoying math were somewhat correlated 
(r=.52). While correlations between .50 and .79 should not affect the models, the 
correlations above .80 in the math attitudes variables may have made those equations in 
grades 8 and 12 somewhat unstable. 

Other 1990 NAEP variables considered for models and not used 

Many variables in the 1990 NAEP were expected to be used in the models, but they 
were not included because either they had too many missing values, their interpretation in 
an HLM model would be unclear, or their meaning was unclear. 

In grades 4 and 8, almost all of the teacher variables had missing values for more than 
10 percent of the case, aid most were missing 15 or more percent. These teacher variables 
in grades 4 and 8 (no teacher variables were collected for grade 12) would have provided 
valuable information on school and classroom atmosphere and instructional methods. 
Fortunately, there were student-level measures of attitudes and instructional methods that 
could be aggregated to the school level to serve as school-level proxies of school climate 
and instructional methods. However, the student-reported measures of time spend on 
various instructional methods were probably not as reliable as teacher reports would have 
been. 

In grades 8 and 12, many school and principal variables, including many of the 
school resources variables used in the 1985-86 study, and many principal characteristics 
that would have been especially pertinent for studying gender and race-ethnicity 
achievement differences, had missing values for 15 percent or more of the cases. Since the 
grade 4 dataset had fewer school and principal variables with missing values, a detailed 
HLM model of school resources was developed for grade 4 with variables that could be 
used in grade 4 but not in grades 8 or 12. In addition, grade 4 principal variables were 
tested in a separate model; however, they were not reported because they were not 
significant and could not be compared with grades 8 and 12. Some variables, such as the 
number of math specialists and aides, were missing too many cases to be used in any 
grade. 



Some variables were not used because their HLM interpretation would have been 
unclear. For instance, if watching TV had been correlated with average achievement, it is 
not known whether this variable was measuring leisure time, time that could have been 
spent studying, or something else. In addition, the meaning of some variables was 
uncertain. The rural/suburban/urban distinctions were unclear enough not be able to trust 
using this variable. Since the community economic variables such as percent in 
occupational groups and the Orshansky percentile did not provide the actual income levels 
of the students in particular schools, they were not useful as measures of SES in the 
students' particular commuity. Therefore, the school average of the constructed student 
SES variable was used instead. 



Variable construction 

The variables used in this analysis are listed in table 2.2. Field names from the 
appropriate NAEP data file are provided in table 2.1 for those variables used directly from 
the files. "Composite" in the field name column indicates that the variable was created for 
this analysis from several other variables. "Dummy" in the field name column indicates that 
the variable was transformed into one or more dummy variables. Composite and dummy 
variables are described in table 2.3. 

Table 2.2.--NAEP variables used in HLM models 

	
Field name Variable label 

Student-level variables 

Dependent Variables 
MRPCMP1 Overall math assessment score: NAEP plausible value 1 
MRPCMP2 Overall math assessment score: NAEP plausible value 2 
MRPCMP3 Overall math assessment score: NAEP plAusible value 3 
MRPCMP4 Overall math assessment score: NAEP plausible value 4 
MRPCMP5 Overall math assessment score: NAEP plausible value 5 
MRPSCC1 Geometry subscale score: NAEP plausible value 1 
MRPSCC2 Geometry subscale score: NAEP plausible value 2 
MRPSCC3 Geometry subscale score: NAEP plausible value 3 
MRPSCC4 Geometry subscale score: NAEP plausible value 4 
MRPSCC5 Geometry subscale score: NAEP plausible value 5 

Predictor Variables 
Dummy Gender 
Dummy Race-ethnicity 
Composite Socioeconomic status 

Dummy Student is currently taking algebra (grade 8 only) 
M811005B (order reversed) No. of years student has taken geometry (gr. 12 only) 
M811011B (order reversed) No. of years student has taken calculus (gr. 12 only) 

School-level variables 

Student body characteristics 
PCTBLKQ Percentage of student body that is African-American 
PCTHSPQ Percentage of student body that is Hispanic 
Composite (aggregated) Average socioeconomic level of grade sample 

School resources 
SNSTUDA Number of students in school 
SNSTUDA/SNTCHA Student/teacher ratio 
SIDP District instructional funds per student 
CO29601/SNSTUDA Microcomputers per student (grade 4) 
CO28001 Percentage of students using computers in math 

(grade 4) 



Table 2.2.—NAEP variables used in HLM models—Continued 

	
Field name Variable label 

Classroom instructional methods 
In math class in this grade, how often students: 

M810103B (order reversed, aggregated) Work in small groups 
M810112B (order reversed, aggregated) Work with objects 
M8101028 (order reversed, aggregated) Do problems on worksheets 
M810101B (order reversed, aggregated) Do problems from textbook 
M810107B (order reversed, aggregated) Take math tests 
M8101058 (order reversed, aggregated) Use calculator 
M810106B (order reversed, aggregated) Use computer 
M810109B (order reversed, aggregated) Write math proofs (grade 12) 
M810110B (order reversed, aggregated) Formulate own problems (grade 12) 

School climate: Math attitudes 
Composite (aggregated) Students feel math is useful 
Composite (aggregated) Students enjoy and feel competent in math 
Dummy (aggregated) Percentage who disagree that math is more for 

boys 

School climate: Student behavior and safety 
	Composite Index of problems in the school (grade 4) 
	CO28301 Percentage of students enrolled all year (grade 4) 
	S004001A (aggregated) Average absenteeism in grade last month 

(grades 8, 12) 
	B007003A (aggregated) Students feel classes are often disrupted 

(grades 8, 12) 
	B007002A (aggregated) Students feel unsafe at school (grades 8, 12) 

School climate: Academic expectations 
C030102 Amount of math instruction per week (grade 4) 
CO29203 Math is identified as a special priority (yes/no) 

(grade 4) 
	SMEANM Mean composite math score of grade sample 
	Dummy (aggregated) Percentage taking algebra (grade 8) 
	Dummy (aggregated) Percentage in academic/college prep program 

(grade 12) 
M811011B (order reversed, aggregated) Mean years students have taken calculus (grade 12) 

NOTE: Order reversed: the order of the values in the original NAEP variable was reversed. Aggregated: 
student-level variable(s) were averaged across students within schools and aggregated to the school level. 

SOURCE. U.S. Department of Education. National Center for Education Statistics. National Assessment of 
Educational Progress. 1990 Secondary-use Data Files: Dam File Layouts and Codebooks for Age 9/Grade 4. 
Age 13/Grade R. and Age 17/Grade 12. 



The specific variables included in each composite and dummy variable are shown in 
table 2.3. If the component variables were standardized for purposes of averaging, this is 
indicated under the variable name. If the variables were student-level variables that have 
been aggregated to the school level, this is indicated under the field name. A discussion of 
how these variables were created and constructed follows the table. 

Table 2.3.—Composite and dummy variables used in HLM models 

	Variable name 
	

Field name Variable label 

Student-level variables 
	

Gender 
	

DSEX Females=1, Mains() 

	
Race-ethnicity 

	
DRACE Minority=1 (DRACE=African-American, 

Hispanic, or American Indian) 
Non-minority=0 (DRACE-white or Asian) 

	
Socioeconomic status 	

	
B003501A (standardized) Mother's education 	

(averaged) B003601A (standardized) Father's education 	
B000901A (standardized) Does family get newspaper regularly 	
B000903A (standardized) Is there an encyclopedia in home 	
B000904A (standardized) Are there more than 25 books in home 	
B000905A (standardized) Does family get magazines regularly 

8th grade student 	
is currently taking 
	

algebra 

M81050113 1=taking algebra in 8th grade 
°snaking no math, 8th grade math, algebra, 

pre-algebra, or other in 8th grade 

School-level variables 

Average socioeconomic B003501A (standardized) Student-level SES measure as defined above, 
level of grade sample B003601A (standardized) aggregated to school level 
(averaged & aggregated) B000901A to 

B000905A (standardized) 

Students feel math M811102B (grade 4) Student feels that all people use math 
is useful (averaged M810702B (grades 8, 12) in jobs (order reversed) 
and aggregated) 

M811105B (grade 4) Student feels that math is useful for 
M810705B (grades 8,12) everyday problems (order reversed) 

Students enjoy and feel M811101B (grade 4) Student likes math (order reversed) 
competent in math M81070113 (grades 8,12) 
(averaged & aggregated) 

M811103B (grade 4) Student feels he or she is good in math 
M810703B (grades 8, 12) (order reversed) 

Percentage of students M8I1104B (grade 4) 1=Disagree (grade 4); or disagree/strongly 
who disagree that M810704B (grades 8, 12) disagree (grades 8, 12) that math more for 
math is more for boys boys 

(aggregated) O=agree or undecided (grade 4); or 
strongly agree, agree, or undecided 
(grades 8,12) that math more for boys 



Table 2.3.—Composite and dummy variables used in HLM models—Continued 

Variable name Field name Variable label 

Index of problems CO28201 
in the school CO28202 
(averaged) CO28203 

CO28204 
CO28205 
CO28206 
CO28207 
CO28208 
CO28209 
CO28210 
CO28211 

Percentage of 8th M810501B 
graders taking algebra 
(grade 8) (aggregated) 

Percentage of 12th B005001A 
graders in academic/college 
prep program (grade 12) 
(aggregated) 

Student tardiness (order reversed) 
Student absenteeism (order reversed) 
Student cutting of classes (order reversed) 
Physical conflicts among students (order reversed) 
Robbery or theft (order reversed) 
Vandalism of school property (order reversed) 
Student use of alcohol (order reversed) 
Student use of illicit drugs (order reversed) 
Student possession of weapons (order reversed) 
Physical abuse of teachers (order reversed) 
Verbal abuse of teachers (order reversed) 

1-taking algebra in 8th grade 
(*taking no math, 8th grade math, 

pre-algebra, or other in 8th grade 

I -High school program best described as 
academic/college prep 

0-High school program best described as 
general or vocational/technical 

NOTE: Composite variables are assigned missing values only if all component variables are missing. 
Order reversed: the order of the values in the original NAEP variable was reversed. Aggregated: student-level 
variable(s) were averaged across students within schools and aggregated to the school level. Averaged: 
Components of composite variables were averaged within each student or school. 

SOURCE: U.S. Department of Education, National Center for Education Statistics. National Assessment of 
Educations! Progress. 1990 Secondary-use Data Files: Data File Layouts and Codebooks jor Age 9/Grade 4. 
Age 13/Grade 8. and Age 17/Grade 12. 

Creation of Dummy Variables 

Five dummy variables were created from the NAEP variables. The derived NAEP 
variable for gender was used to create the gender variable by changing the codes to make 
males the reference group. The derived NAEP variable for race-ethnicity was changed into 
a dummy variable by designating African-Americans, Hispanics, and American Indians as 
one group, and whites and Asian-Americans as another group.45  

The student-level NAEP variable for attitude about gender and math, M811104B 
(grade 4) and M810704B (grades 8 and 12), stating that math is more for boys, was 
converted to a dummy variable before being aggregated to the school level. The categories 
of "disagree" (grade 4) or "disagree" and "strongly disagree" (grades 8 and 12) were put 
into one group that designated positive feelings about females and math; the categories of 
"agree." "undecided," and "strongly agree" were put into the reference group. Since this 
dummy variable was aggregated to the school level, it designated the percentage of students 
in that grade in each school who had positive feelings about females and math. 

45There are only five categories of race-ethnicity in NAEP. 
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The NAEP student-level variable for whether 8th graders who were taking algebra in 
8th grade, M810501 B, was already a dichotomous variable with a value of 1 if the students 
were taking algebra. The reference group value was changed from 2 to O. This variable was 
then aggregated to the school level, designating the percentage of 8th graders who were 
taking algebra in each school. Similarly, the student-level NAEP variable for whether 12th 
graders were in an academic/college prep track or not was already dichotomous, and the 
reference group was simply changed to 0. When this variable was aggresawd to the school 
level, it represented the percentage of 12th graders in the academic track in each school. 

Construction of continuous variables 

The continuous composite variables were constructed in the following manner. The 
student-level SES variable was created by combining several student-reported responses— 
mother's and father's education levels and several items about the number of reading items 
in the home. If these or any other items were missing, the SES value was based on any 
non-missing items. SES was missing for a student only if all items were missing for that 
student. Each non-missing component of SES was standardized, and the mean 
standardized score of these components became the SES value. Therefore, the components 
of SES varied by student. For the school-level SES variable, the student-level SES values 
were averaged within each school. 

For the math attitude variables, whether math is useful and whether the students like 
and enjoy math, the two variables were combined. These variables were created first by 
reversing the order of the scores, and second by shifting the 5-point scale so agree was 
above 0 and disagree was below 0. Then the average of these two variables was obtained 
for each student. These scores were averaged for each school to obtain the school-level 
measures of this attitude (which were really the grade-level measures since they just 
included the attitudes, of the students in the sample grade). 

In 4th grade, the index of problems in the school was a NAEP-created school-level 
variable that averaged the score of each component school-level variable. For this study, 
the order of the index was reversed so that schools with more problems had higher scores. 

Table 2.4 lists the ranges and the unstandardized means and standard deviations of all 
the school-level variables used in this analysis. In addition, table 2.4 shows the across-
school means and standard deviations of the within-school variables of the math and 
geometry plausible values and gender, race-ethnicity, SES, and coursetaking. 



Table 2.4.-Unstandardized means and standard deviations for student-level and school-
level independent variables, by grade: 1990 

Grade 4 Grade 8 Grade 12 
Variable (range) 	Mean (s.d.) Mean (s.d.) Mean (s.d.) 

Student-level variables 

Dependent variables 

Math! (98-394) 	214.27 (29.36) 263.51 (32.61) 294.76 (33.93) 
Math2 (76.388) 	214.65 (29.19) 263.58 (32.70) 294.58 (3.55) 
Math3 (116.390) 	214.46 (29.36) 263.81 (32.46) 294.82 (33.69) 
Math4 (111.395) 	214.75 (29.32) 263.69 (32.73) 294.76 (33.81) 
Math5 (112.391) 	214.45 (29.47) 263.74 (32.41) 294.66 (33.76) 
Geometry, (100-412) 	215.88 (32.37) 260.60 (35.67) 295.33 (42.01) 
Geometry2 (92-432) 	216.21 (32.20) 260.90 (35.11) 295.18 (41.47) 
Geometry3 (100-423) 	215.85 (32.64) 261.06 (35.21) 295.72 (41.18) 
Geometry4 (103-439) 	216.03 (32.13) 260.85 (35.25) 295.79 (41.40) 
Geometry5 (101-420) 	216.29 (32.64) 260.82 (34.64) 295.70 (41.18) 

Predictor variables 

Gender-if female (0/1) 	0.48 (0.50) 0.50 	(0.50) 	0.52 (0.50) 
Race-ethnicity-if African-American. 

Hispanic, or Native American (0/I) 	0.29 (0.45) 0.27 	(0.44) 	0.23 (0.42) 
SES level 	-0.02 (0.58) -0.02 	(0.61) 	-0.01 (0.58) 
Taking algebra in grade 8 (0/1) 0.14 (0.35) 
Number of years of geometry 

by grade 12 (0-3) 	1.48 (0.92) 
Number of years of calculus 

by grade 12(0.3) 	0.21 (0.62) 

Number of students 5,080 	5.198 4,953 

School-Level variables 

Student body characteristics 

Percent African-American (0-100) 13.03 (20.06) 	11.74 (19.38) 10.13 (17.22) 
Percent Hispanic (0.100) 7.52 (13.63) 	5.77 (11.96) 5.12 (10.84) 
SES level - 0.04 (0.25) -OM (0.25) -0.04 (0.22) 

School resources 

Number of students 472.36 (223.86) 	342.76 (314.62) 850.36 (629.46) 
Student/teacher ratio 19.60 (6.62) 	16.43 	(4.63) 	17.05 (6.00) 
Instructional funds/student (1-9) 6.05 (1.66) 	5.97 	(1.71) 	5.99 (1.60) 
Microcomputers/student 0.06 (0.05) 
Percent students using computer 75.12 (30.73) 

(0.100) 



Table 2.4.-Unstandardized means and standard deviations for student-level and school-
level independent variables, by grade: 1990-Continued 

Grade 4 Grade 8 Grade 12 
	Variable (range) 	Mean (s.d.) 	Mean (s.d.) 	Mean (s.d.) 

Classroom instructional methods 

In math class, how often' 
Work in small groups (1-5) 2.27 (0.66) 2.10 (0.79) 2.26 (0.50) 
Work with objects (1-5) 2.49 (0.60) 2.15 (0.59) 2.20 (0.39) 

	Do problems on worksheets (1-5) 3.65 (0.60) 3.03 (0.74) 2.55 (0.51) 
	Do problems from textbook (1.5) 4.12 (0.55) 4.52 (0.50) 3.86 (0.63) 
	Take math tests (1.5) 2.73 (0.42) 2.84 (0.35) 2.47 (0.35) 
	Use calculator (1.5) 1.72 (0.51) 2.41 (1.07) 3.38 (0.69) 
	Use computer (1.5) 2.19 (0.60) 1.61 (0.48) 1.85 (0.45) 

Write math proofs (1-5) 1.97 (0.35) 
Formulate own problems (1.5) 1.54 (0.27) 

School climate: Math attitudes 

	Math is useful (-2- +2) 0.51 (0.19) 1.02 (0.22) 0.85 (0.25) 
	Enjoy & feel competent in math 0.51 (0.19) 0.49 (0.37) 0.35 (0.34) 

(-2- +2) 
	Math not more for boys (0-1) 0.82 (0.12) 0.75 (0.09) 0.81 (0.11) 

School climate: Student behavior and safety• 

	Problems in the school (0-3) 0.42 (0.31) 
	Percent enrolled full year (0-100) 82.23 (23.18) 

Average days absent in month 1.85 (0.28) 2.20 (0.35) 
Students feel classes often disrupted 2.91 (0.29) 2.59 (0.28) 

(1.4) 
Students feel unsafe at school (1-4) 1.85 (0.28) 1.68 (0.28) 

School climate: Academic expectations 

	Instruction/week in math (1-5) 3.71 (0.86) 
	Math special priority (0/1) 0.79 (0.39) 
	Mean composite math score 213.90 (15.50) 261.85 (18.32) 292.31 (18.10) 

Percent taking algebra in grade 8 0.12 (0.13) 
(M) 

Percent of grade 12 in academic/ 
college prep (0-1) 0.52 (0.21) 

Average number years of calculus 
by grade 12 (0-3) 0.18 (0.19) 

	Number of schools 257 174 186

SOURCE: U.S. Department of Education, National Center for Education Statistics, National Assessment 
of Educational Progress, 1990 NAEP: Math Assessment of 4th. 8th, and 12th Grade Students, Restricted-
Use Data Base. 



Data and variable preparation 

The HLM analysis and software program require researchers to make many decisions 
about data and variable preparation before and during the HLM analysis. Some of these 
decisions simply affect the ability of the HLM software to handle the data; others affect the 
interpretation of the results. Some procedures were necessary due to the structure of the 
NAEP datasets; others would be required in any HLM analysis. 

This section discusses the data preparation decisions made in this analysis and the 
implications of those decisions for interpretation. The major data and variable preparation 
procedures were weighting, preparing missing values, centering, standardizing, and 
working with any software limits on the numbers of variables for the :node's. 

Weighting 

The data were weighted at the student and school level, and the weights at each level 
were normalized. Both the multi-stage sampling plan of NAEP and its associated sampling 
error need to be taken into account when estimating parameters. Normal analysis of NAEP 
data uses the jackknife weights. However, the multi-level nature of HLM models (students 
within schools) directly models the NAEP design of sampling students within schools. 
Therefore, the modeling that is performed in HLM accurately reflects the sampling 
design.46 Use of the appropriate weight at each level of the analysis provides accurate 
population estimates for each variable.'" HLM can also distinguish between the sampling 
error and measurement error, so that the contribution of sampling error to the overall error 
can be identified. 

These analyses were weighted using both the student and school weights provided by 
NAEP to reflect the sampling design and response rates. Because HLM uses the weights 
from both student and school levels at the same time, new within-school student weights 
were calculated by dividing out the school weight from the original student weights. Using 
the original student weights would have resulted in the school weights being counted twice. 
The weights were normalized so they would provide the same proportionate weighting of 
each case, but would sum to the unweighted sample size. Using the actual weights would 
have produced a sample that was inappropriately large for the HLM statistical tests. The 
current HLM PC version provides an option to normalize the weights within the HLM 
program if the researcher has not done so already. 

Missing values 

HLM allows missing values in the within-unit variables (that is, at the student level). 
There were no missing values in the gender or race-ethnicity variable, but the missing 
values in the SES variable reduced the within-school cases considerably, sometimes even 
to the point of eliminating the entire school from the analysis. 

46This is actually only partly true. The primary sampling unit level of analysis is not in the model. 
However, one would have to jackknife the entire HLM analysis to see how much of the design effect is 
reflected in the standard error of estimate for HLM. 
47These estimates are not perfectly accurate because of the students and schools that were dropped from the 
analysis due to missing data and subsample selection. See the following section. 
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Since HLM does not allow missing values in the between-unit variables, schools with 
missing values on these variables were handled in two different ways. First, schools with 
missing values on a variable were assigned the mean of that variable across all schools. If 
only one or two schools, or cases, had missing values, then this mean served as the value 
for that variable for those cases. A second approach was used if there were more than 2 
cases but not more than 10 percent of the cases with missing values: a "missing value 
dummy variable" indicated with a "1" that the case had a missing value on that variable, 
while all other cases were assigned a "0" on that dummy variable. In other words, the mean 
of that variable for cases with missing values served as just a place holder. Thus, these 
missing value dummy variables controlled for missing values in the equation and at the 
same time included those cases in the equation. However, these dummy variables added to 
the number of variables in each model. Variables with more than 10 percent missing values 
were not used in the analysis. 

The missing value dummy variables are reported in the Appendix A tables. However, 
they are not included in the HI.M results tables (chapters three through five) because they 
do not affect the results. 

Centering 

The student-level variables—gender, race-ethnicity, SES, and coursetaking—were 
centered, that is, their school means were subtracted from them so their means were all 0. 
fhis allowed the intercept to be interpreted as the average achievement in each school, not 
controlling for the other within-school variables because they were centered. 

However, the gender coefficient could then be interpreted as the gap between females 
and males (the "gender gap") in each school, controlling for race-ethnicity, SES, and 
coursetaking. The race-ethnicity coefficient could be interpreted as the gap between African 
Americans/Hispanics/Native Americans and whites/Asians (the "race-ethnicity gap") in 
each school, controlling for gender, SES, and coursetaking. Since dummy variables were 
used for gender (female=1; male=0) and race-ethnicity (African-Americans, Hispanics, and 
Native Americans=1; whites and Asian-Americans=0), the mean of these values was the 
percentage of females or minorities in that school. The difference between the two values 
on either variable was still 1, with females and minorities having the positive values, and 
males and whites/Asian-Americans having the negative values. 

Since SES already had a 0 mean, the SES coefficient could be interpreted as 
indicating the extent to which SES was associated with achievement in each school, 
controlling for gender, race-ethnicity, and coursetaking. The coursetaking coefficient was 
interpreted hS the extent to which math coursetaking was associated with math achievement 
in each school, controlling for gender, race-ethnicity, and SES. 

The main reason for centering was to be able to interpret the intercepts of the within-
unit equations in the following way. Since the intercept was the average level of 
achievement in a school when the three or four predictors were at 0, and since 0 was their 
mean, the intercept was the level of average achievement in each school at "average" 
gender, race-ethnicity, SES, and coursetaking. Although there is no real "average" gender 
or race-ethnicity, this achievement level can be seen as the average achievement before the 
effects of gender, race-ethnicity, SES, and coursetaking have been taken into account. 
Since the intercept becomes the dependent variable in the first between-school equation, 
this equation can be interpreted as predicting the average achievement in each school 
overall, rather than for some limited group, such as the achievement of white males of 
average SES with high coursetaking. This provides a baseline, if hypothetical, level of 



average achievement, which the parameters of gender, race-ethnicity. SES, and 
coursetaking can then alter. 

While centering did not change the value of the Beta coefficients of gender, race-
ethnicity, SES, or coursetaking, it did allow a more descriptive interpretation of these 
coefficients. In the case of the dummy variables, the coefficients still represented the 
average difference in the number of achievement points between males and females, and 
between African-Americans/Hispanics/Native Americans and whites/Asian-Americans. If 
the coefficients were positive, the females and African-Americans/Hispanics/Native 
Americans were doing that much better than males and whites/Asian-Americans, i.e.. the 
gap was smaller. If the coefficients were negative, females and minorities were doing that 
much worse, i.e.. the gap was larger. 

Instead of seeing the coefficients as the values for females or minorities, these same 
coefficients were interpreted as the "gap" between females and males, or between African-
Americans/Hispanics/Native Americans and whites/Asian-Americans, since 0 was not 
males or white/Asian-Americans, but somewhere between the dichotomous values. These 
Beta coefficients, or parameters. are the dependent variables in the between-school 
equations, and will be referred to in the text as the "gender gap" between girls and boys in 
achievement, or the "race-ethnicity gap" between African-Americans/Hispanics/Native 
Americans and whites/Asian-Americans in achievement. 

In the case of SES, the continuous variable, its value was positive above its mean (0) 
and negative below its mean, instead of going from 0 to a higher value. A positive SES 
coefficient would push the SES value away from 0 in either direction, pushing the 
achievement level in the corresponding direction and creating a larger difference in 
achievement between students of high or low SES. A negative coefficient would push the 
SES value toward 0 from either direction, reducing the change in achievement level and 
creating a smaller difference in achievement between students of high or low SES. The 
Beta coefficient on SES could thus be interpreted as the "differentiating effect" of SES, and 
will be referred to in this way in the text. 

In the case of coursetaking, the coefficient of the dummy variables of taking 8th grade 
algebra represented the average difference in achievement points between those who were 
taking algebra and those who were not. The interpretation of the coefficients of the number 
of years the 12th grade students had taken geometry and calculus could be interpreted like 
the SES coefficient. that is, as the differentiation effect of years of calculus or geometry. 

An issue in centering in HLM models is whether and how to include the school 
means of each of the centered within-unit variables in the between-unit equations. It is 
generally agreed that they should be included, unless the researchers want all the schools to 
be treated as if they have the same means on these variables, since all of these means have 
been set to 0.48 If the school means are to be included, it must be decided whether to 
include the means for each school from the sample, or to use school means from another 
source. The most accurate source is recommended. 

In the case of the NAEP school datasets, school-level estimates of the percentage of 
African-American and Hispanic students and variables that indicate the SES of the 

48For a technical discussion of these and other centering issues see S. W. Raudenbush, "'Centering' 
Predictors in Multilevel Analysis: Choices and Consequences." Multilevel Modeling Newsletter 1 (2) 
(1989): 10-12; N. T. Longford, "To Center or Not to Center," Multilevel Modeling Newsletter 1 (3) 
(1989): 7; I. Plewis, "Comment on 'Centering' Predictors in Multilevel Analysis, Multilevel Modeling 
Newsletter 1 (3) (1989): 8-10. 



community were potential choices for school means. The school-level race-ethnicity 
estimates were a more accurate estimate of school-level race-ethnicity than simply averaging 
the within-school race-ethnicity from the small samples of students in the dataset in each 
grade. However, the school-level estimates of SES were very different from the within-
school student level SES variable; thus, aggregating the student SES level of the grade 
sample to the school level was seen as a more accurate school-level estimate of SES. These 
variables, the percentage of African-American and Hispanic students in the school and the 
aggregated SES level of students in that grade, constituted the first HLM model tested in 
this study, and all of these variables were included in all subsequent models. 

There were no single-sex schools since the sample was of public schools only, so the 
gender mean was assumed to be constant at 51 percent and was not included. However, 
this illustrates the dilemma of wanting to center a within-unit independent variable in order 
to make the intercept of the within-unit equation a true average without having a between-
unit measure of the mean of that variable. This issue will require more discussion among 
HLM researchers. 

In the case of coursetaking in grades 8 and 12, there were no school-level estimates 
of coursetaking; therefore, these had to be aggregated from the student-level variables. 
However, they were only included in one of the models. Since these variables were fixed at 
the within-school level and not modeled, it was not important to adjust their means. 

Standardizing 

Whether or not to standardize the independent or dependent variables is the choice of 
the researcher. In this study, all the school-level variables in this study were standardized, 
so their values were in standard deviation units from their mean." However, the 
dependent variables—the achievement scores—were not standardized in this study. 
Therefore, the Gammas in the between-school equations were interpreted as the change in 
the dependent parameter, in numbers of points on the achievement score scale, for every 
standard deviation above the mean of each school-level variable. 

To understand standardized variables, start with a regular one level linear regression 
equation. As in regular regression models, the independent school-level variables with 
significant coefficients in HLM models are interpreted as predicting, for every unit change 
in that variable, a change in the dependent variable (in this case the Beta coefficient or 
intercept) by the amount of the Gamma coefficient. When the between-school variables are 
standardized to a mean of 0 and a standard deviation of 1, their unit changes are in standard 
deviation units. The coefficients of the between-school variables, the Gammas, thus predict 
how much the dependent variable will change for every standard deviation of these 
between-school variables. This change is predicted for every level of (that is, controlling 
for the effects of) the other independent variables in the equation. 

The choice of standardizing the school-level variables was made in order to allow the 
size of the Gamma coefficients on these variables to be comparable within each model so 
the variables with the:largest coefficient, or association, with the dependent variable—the 
within-school intercept or Beta coefficient—could be identified. For policy 
recommendations, the ability to determine the variables with the largest as well as strongest 
association with average school achievement or the gender or race-ethnicity gap in 

49The missing value dummy variables were not standardized. 



achievement was believed to be more important than the actual difference in achievement 
points. 

However, the meaning of the size of standardized variables is often difficult to 
into:pret when the school-level variables are not in their original units. The unstandardized 
means and standard deviations can provided (as they are in Table 2,4), to convert the 
variables of interests in their original units. However, some researchers and readers prefer 
independent variables to be unstandardized in the first place. Then, the Gamma coefficients 
can be interpreted as the change in the dependent parameter for every actual unit of each 
school-level variable. Although the size of these coefficients cannot be compared between 
variables, the meaning of the size of the coefficient for each individual variable is clearer 
because it is expressed in its original units. 

The student-level dependent variables—the achievement scores—were not 
standardized in this study. Standardizing the outcome variable provides meaning to the 
value of the Gammas for the dependent variable. Whether the change in the independent 
variable is in standardized or unstandardized units, the value of the Gammas can be 
interpreted as the number of standardized units of the achievement score, so the meaning of 
a difference of several points on the achievement score scale can be more easily 
understood. This was not done in this study because the number of points on the 
achievement score scale were thought to have meaning due to the anchoring by grade of the 
NAEP scores. In addition, standardizing the independent variables had already removed the 
reader one step from the data. Interpreting the meaning of the level-2 HLM Gamma 
coefficients using standardized school-level variables as predictors for the within-school 
average achievement and the gap in achievement by gender and race-ethnicity was already 
hard enough in actual achievement score points. 

Limits on number of variables 

While the new PC version of HLM does not limit the number of variables allowed in 
the sufficient statistics files and in each equation, this analysis was restricted by what 
appeared to be a DOS limit on the length of the format statement for the sufficient statistics 
file. This format statement length limit allowed only about 20 variables to be included in 
each sufficient statistics file, and necessitated creating two or more sufficient statistics file 
for each trade. In this case, it was lucky that separate groups of variables (models) were 
being estimated. Since the models were tested separately, variables were grouped within 
sufficient statistics files, and the appropriate file was used for each model. Therefore, this 
limit did not affect the analysis, other than the inconvenience of creating multiple sufficient 
statistics files. 



C. Estimating HLM models with NAEP plausible values 

Estimation theory and practice 

NAEP used item response theory (IRT) to estimate proficiency scores in math and 
science for each sampled student. However, the 1RT proficiency scores are biased, so 
conditional proficiency scores are estimated using student background information. These 
conditional proficiency scores are latent variables conditional on the student's responses to 
several cognitive and background items and are not directly observed. That is, proficiency 
scores were predicted from a set of cognitive and background variables (referred to as 
conditioning variables). Because the proficiency scores are not observed, but estimated, 
there is some amount of uncertainty or variance associated with them. Thus, rather than 
having a single observed math score, there is a range, or distribution, of plausible values 
for each student's proficiency in math. A sample of these plausible values are chosen 
through random draws from the conditional distribution of proficiency scores for each 
student. This sample of plausible values is used by researchers to analyze student 
proficiency scores. The variance in the distribution of plausible values reflects the errors in 
measurement, and the method of estimating that measurement error, along with the 
sampling error associated with choosing a sample of those values, is described below. 

In the NAEP dataset, NAEP provides a sample of five plausible values for each 
student. However, for any analysis of student achievement scores, from simple means to 
complex HLM models, researchers are interested in obtaining one estimate rather than five 
estimates for each student or group. Therefore, the NAEP Data Files User Guides° 
provides directions about how to conduct analyses with the five plausible values. Although 
it is tempting to do so, NAEP explicitly warns researchers against simply averaging the five 
values and conducting analyses on that average. This procedure would severely bias the 
results. Instead, the correct procedure is to conduct the desired analysis on each of the five 
plausible values, and then to average the parameter estimates from those five analyses. 

Therefore, the parameter estimates from the HLM analyses in this report were based 
on the average parameter estimates from separate HLM analyses of the five plausible 
values. That is, for each HLM model, a separate HLM analysis was conducted on each of 
the five plausible values, and the results from these analyses were averaged.'The HLM 
parameter estimates that were averaged for this report included the Gammas, as well as the 
following statistics that are explained in the following section—the parameter variances 
(Tau), the reliabilities, the Chi-square test for the parameter variance being 0, and the 
probability of that Chi-square value.51 In addition, the standard error of the averaged 
Gammas was estimated as described below. The Student's t value for the Gammas was 
calculated by dividing the averaged Gamma by its standard error. The probability of this t 
value was estimated from a standard t distribution table. 

The standard error of the Gammas consisted of two components—sampling error and 
measurement error. The following routine provided in the NAEP Data Files User Guide52  

50A. Rogers et al., National Assessment of Educational Progress: 1990 Secondary-use Data Files User 
Guide (Princeton, NJ: Educational Testing Service, March. 1992). 
51 The software developed to use plausible values in an HLM analysis. "HLMPV," calculates the 
probability of the Chi-square value in a much more sophisticated way, using the equation used in the 
regular HLM software. 
52A. Rogers et al., National Assessment of Educational Progress: 1990 Secondary-use Data Files User 
Guide (Princeton, Ni: Educational Testing Service, March, 1992). 
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was used to approximate the component of error variance in the analysis due to the error in 
measurement and to add it to the sampling error 

Let Om represent the mth plausible value, where m=1 to M sets of plausible values (in 
our case M=5). Let tm represent the parameter estimate based on the mth plausible value. 
Let Um represent the variance of tm, or the sampling error. 

Five HLM runs were conducted based on each plausible value Om. The parameter 
estimates from these runs were averaged: 

The variance of the parameters from these runs were averaged: 

E
M 

um  
U*= m-I M 

The variance of the M estimates tm was estimated: 

1
M

(im-t*)2  
mi. 	a me I 
Dm 	(M-1) 

The final estimate of the variance of the parameter estimate is the sum of the two 
components: 

V = U* + ( 1 + M-I) Bm 

The square root of this variance is the standard error of the Gamma, and it is used in a 
standard Student's t formula to evaluate the statistical significance of each Gamma. 

As evident from the preceding formula, the use of plausible values in an HLM 
analysis usually increases the standard errors of the Gamma coefficients, making it harder 
to identify significant school-level correlates.53  

53P. Kaufman, C. Arnold. and M. Wilson, Using Plausible Values in Hierarchical Linear Models 
(Washington. DC: U.S. Department of Education. National Center for Education Statistics, 1991). 
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Software for HLM estimates with NAEP data 

The HLM analyses in this study were produced using HLM/2L, a two-level HLM 
microcomputer program developed by Anthony Bryk, Stephen Raudenbush, and Richard 
Congden.54 However, due to the five plausible values rather than one proficiency score 
that NAEP provides for each student, the task of producing final estimates for the HLM 
models involved more than running this program. Usually in NAEP, parameter estimates 
are produced by estimating each parameter for each of the five plausible values, and by 
averaging the five estimates. Then, the standard error for this average estimate is calculated 
with a formula provided in the NAEP technical manual. 

In order to follow this procedure with HLM models, for every model, five HLM 
analyses had to produced, using each of the five plausible values. Then a way had to be 
found to average the results from those five analyses and produce the correct standard 
errors. Besides hand calculating the averaged estimates, there are two computerized 
methods to accomplish this. The first method is to transfer the results to spreadsheet 
software, and average the results there. The HLM results in this report were produced with 
spreadsheets. The second method is to use software that has been developed to 
automatically take the results from the HLM software and produce correctly averaged 
results. These two methods are described in more detail below. 

Averaging with spreadsheets 

In an HLM analysis with NAEP data, the parameter estimates are based on the 
average parameter estimates from separate HLM analyses of the five plausible values. That 
is, a separate HLM analysis is conducted on each of the five plausible values. The results 
from the five analyses are averaged, and the standard errors are calculated as outlined 
above. 

To accomplish these calculations with a spreadsheet program, HLM estimates are first 
produced for each plausible value. Then, all of the final estimates in the HLM output files 
are extracted and copied into a spreadsheet program. Then, in this program, the estimates 
are either averaged, or, in the case of the standard errors and t values, calculated with 
specified formulas. These procedures are straightforward and could even be performed 
with a hand calculator if just one or two HLM models were produced. However, the more 
models tested, the more helpful a spreadsheet program becomes. However, even with a 
spreadsheet these procedures can be tedious and time-consuming when performed on many 
models, grades, and dependent variables. For this reason, the following software was 
developed. 

New software for the use of plausible values with HLM 

HLM2PV (PV for plausible values) is software that integrates HLM/2L, the HLM 
software, with the procedure of taking NAEP plausible values into account in the HLM 
estimates. It was developed by the author and a programmer during this study, and the 

54A. S. Bryk, S. W. Raudenbush, M. Seltzer, and R. Congdon, An Introduction to HLM: Computer 
Program User's Guide, 2nd ed. (Chicago, IL: University of Chicago. Department of Education, 1988), and 
A. S. Bryk, S. W. Raudenbush, M. Seltzer, and R. Congdon, HLM/2L (Chicago, IL: Statistical Software 
Incorporated, 1992). A preliminary version of the "C" version of HLM/2L was used for this analysis. 
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spreadsheet results were used to validate its accuracy. HLM2PV is available as part of a 
special version of HLM/2L.55  

For each HLM model, HLM2PV runs the HLM/2L program on each of the five (or 
the number specified) plausible values internally, and produces the average value of each 
parameter and the correct standard errors. Although the user seems to be producing one 
estimate, actually the five HLM estimates from the five plausible values are produced, and 
their average and measurement error are calculated correctly. Thus, using this procedure 
ensures an accurate treatment of plausible value data and also saves a tremendous amount 
of calculation time. 

The output of HLM2PV is similar to the HLM/2L program output, except that all of 
the estimates are averaged over estimates derived from each of the five plausible values. 
The followinf HLM parameter estimates are averaged by HLM2PV: the Gammas, the 
parameter variances (Tau), the Chi-square tests of Tau, the Chi-square values for the test of 
the homogeneity of the level-1 variance, the Chi-square values for the comparison of the 
deviance statistics, and the reliabilities. The standard errors of the Gamma are calculated 
based on the formula above, and the probabilities of any Chi-square values are calculated 
with the equation used in HLM/2L. 

D. Interpreting HLM results: HLM statistics 

Overview 

This section provides an introduction to the statistics produced by an HLM analysis 
that are used in this report. Besides the Betas and Gammas, other statistics are helpful in 
interpreting the within-school parameters and the between-school models. For each of the 
random within-school parameters in each model (in this study, the intercept, gender, and 
race-ethnicity), HLM/21.. provides the parameter variance, calledTau, a test of whether Tau 
is greater than 0, and the reliability, the percentage of the total variance around each 
parameter that is represented by parameter variance. In addition, R2s, a measure of how 
well each model explains the parameter variance, can be calculated. R2" is similar to a linear 
regrrssion R2, in that it represents the proportion of the original parameter variance that 
was explained by a particular between-school model. While the significance of the 
parameter variance is usually tested with a Chi-square test, the deviance statistic provides a 
more comprehensive test, and there are certain circumstances when a deviance statistic 
should be used instead of the Chi-square test. This is discussed in chapter six. 

In this report, the Gammas, the reliabilities, the parameter variance (Tau), the test for 
whether Tau is greater than 0, and the R2" are presented and discussed in the results 
chapters. Tables l-A36 in Appendix A are the supporting tables for the HLM results 
presented in chapters three through five. These tables include the Gammas, the standard 
errors of the Gammas, the t value and significance of the Gammas, the reliability of the 
parameters, the actual parameter variance, or Tau, still present after each model has been 
run, the degrees of freedom at the school level for each between-school model, and an 
estimate of the probability that Tau is greater than 0 given those degrees of freedom. This 
section explains these statistics in greater detail. 

55A. S. Bryk, S. W. Raudenbush, M. Seltzer, and R. Congdon, Hierarchical Linear Modeling with the 
HLM/2L and HLM/3L Programs (Chicago, IL: Statistical Software Incorporated, 1994) 
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HLM Statistics 

Gammas and standard errors 

The Gammas and their standard errors were calculated using the procedure discussed 
in the previous "Estimation theory and practice" section. Each Gamma is the average of the 
five Gammas from five separate HLM analyses, using the five plausible values of 
achievement. Each standard error is the average of the five standard errors from the five 
Gammas, plus the standard error between the five Gammas. This allowance for 
measurement error thus increased the standard errors over those obtained for just one 
plausible value and made it harder for the school effects to be significant. While this limited 
the number of significant school effects, it lent greater confidence to the results that were 
significant. 

Significance tests on Gammas 

Significance was calculated for each Gamma with a t value, which was the value of 
the Gamma divided by its standard error. The probability of this t value being larger than 0 
was determined with a two-tailed test of significance, using the alpha levels of .05 and .01 
for each Gamma. It is possible that since so many parameter estimates were made in each 
analysis, lower alpha levels could be used to prevent the buildup of Type I error. This 
procedure was not followed because other HLM studies have not done so in the past and 
because this was an exploratory study. However, the issue of appropriate significance tests 
and the meaning of significant Gammas is one that HLM researchers need to discuss. Bryk 
recommends just using the results as a guideline for further research, rather than for 
definite answers.% 

Parameter variance 

Parameter variance, or Tau, is an estimate of the actual non-sampling variation 
between schools around the parameters of the intercept and the gender, race-ethnicity, and 
SES coefficients in the within-school equations. The parameter variance usually changes 
between models. It is highest in the unconditional within-school models, where it indicates 
how much variance there is around each of the four parameters before any between-school 
variables are taken into account. The purpose of the between-school models is to identify 
school-level variables that explain, or reduce, this parameter variance, and thus explain 
school variations in average achievement and differences in achievement by gender and 
race-ethnicity. 

If the parameter variance is 0, as indicated by a Chi-square or deviance test (see 
chapter six), either in the within-school models or after any between-school models, then 
there may be no more parameter variance to explain. These tests are commonly used in 
FILM analysis to decide if more variables need to be added to the model if there is no more 
variation or if none was present at the beginning, between-school models or more between-
school variables are not needed to explain it. However, since this analysis tested variables 
in separate theoretical groups rather than by hierarchically entering them into one large 
equation, these tests were not used to determine whether a model was needed or what 
variables should be added. However, the average of the probabilities of the Chi-square 

56Personal communication. July 6. 1991. 



tests is presented so that the reader can interpret the levels of parameter variance before and 
after the between-school models. In addition, several models were explored using the 
deviance statistic to fee how much of a difference it made in determining whether the 
parameter variance was significant. See chapter six for further details. 

R2e, or proportion of parameter variance explained 

If there is still parameter variance to explain, a measure of how well each model 
explains the parameter variance is the R2*. It is similar to a linear regression R2 in that it 
represents the proportion of the original parameter variance that was explained by a 
particular between-school model. To obtain the R2* for a parameter in a between-school 
model, the difference between the original parameter variance in the unconditional model 
and the parameter variance left from each conditional between-school model is divided by 
the original parameter variance. While knowing the R2* is very important information about 
the models, the reliability provides additional perspective on the amount of parameter 
variance there is to explain. 

Reliability 

In HLM, reliability refers to the percentage of the total variance around each 
parameter that is parameter variance. The total variance of each parameter consists of both 
parameter variance and sampling variance. Parameter variance is the actual variation 
between schools around the parameters of the intercept and the gender and race-ethnicity 
coefficients in the within-school equations. This variation can be explained by the between-
school models. However, there is also sampling variance around these parameters, from 
sampling error within the schools, and this cannot be explained by the between-school 
model because it is essentially error. Reliability thus indicates how much of the total 
variance can be explained by the between-school models. 

Special statistical and interpretive procedures for an exploratory study 

Due to the exploratory and methodological nature of this study, several types of 
procedures and interpretations were used that may not have been followed in a theoretical 
research study. First, although many interesting results were obtained, the emphasis of the 
discussion was on how those results were produced rather than the meaning of those 
results. Causal implications especially, common to most school effects studies, were 
carefully avoided. 

Second, a more liberal significance level was used to identify variables that were on 
the verge of becoming significant in these models. A significance level of .10 identified 
variables that were "almost significant," and these variables were mentioned in the results 
chapters. In addition, if these variables were included in several models, they were 
monitored to see how their significance changed across models. The purpose of this 
procedure was to illustrate the sensitivity of the models to variable specification. However, 
in the summary of results, only variables significant at the .05 level or higher were 
discussed. 

Third, some HLM models were estimated on the gender and race-ethnicity 
coefficients as dependent variables when they had no parameter variance. Since a lack of 
parameter variance indicates a lack of variance to model, usually these variables are fixed, 



or at least not modeled. However, the strength of this study—the large number of models, 
grades, and subjects, which were each run five times to account for the NAEP plausible 
values—made it impractical to modify each model according to the best specifications. 
Chapter six, the exploratory chapter, seeks to examine and modify several models more 
closely in that way. 

In the main part of the study, models were developed theoretically, tested with many 
preliminary runs on one plausible value to find the best variables for most grades, and 
estimated in final runs with five plausible values, using the same variables regardless of 
variance. A benefit to this uniform approach to model specification was to illustrate how the 
HLM statistics behaved with a variety of types of variables and variability. 



Chapter III 

School Correlates of 
Average Mathematics Achievement 

Overview 

The next three chapters present the school-level results of the HLM models tested in 
this study. Although each HLM model includes the three school-level equations that predict 
each of the randomly varying student-level parameters, these equations are presented 
separately in these chapters for purposes of clarity. The results of all three chapters are 
discussed in chapter seven. 

This chapter presents the school-level equations that predict the intercept, or average 
achievement in each school. Chapter four presents the school-level equations that predict 
the gender gap, while chapter five presents the school-level equations that predict the race-
ethnicity gap in each school. In addition, chapter six presents and discusses the results of 
an exploratory analysis that examined more closely the parameter variance of the gender 
gap and race-ethnicity gap equations. 

The average achievement within schools is expressed in the unconditional equation 
2.2, and the models estimated to predict average achievement between schools are 
expressed in the conditional equation 2.6 (table 3.1). The intercept equation in the between-
school HLM models (equation 2.6) tests the association of various school characteristics 
with the average mathematics and geometry achievement within schools (table 3.1). This 
chapter presents the average mathematics and geometry achievement levels within schools 
(tables 3.2 and 3.3) and the results of the six models estimated to predict that average 
achievement in mathematics and geometry (tables 3.4 to 3.16). 

Table 3.1.—Equations related to intercept, or average achievement 

Within-school student level equation 

Yzj = Poi+ R ',Pew + 02 PC 20 + 03jX3,:i + rij (2.1) 

Between-school school-level equations 

Unconditional intercept equation: 

i3oj 700 + uo) (2.2) 

Conditional intercept equation: 

= Yoo + Y01 Wo1) + Yo2Wo2j + + "YomWomi + uoi (2.6) 

NOTE: For explanation of terms in equation, see chapter two. 



A. Within-school models 

Tables 3.2 and 3.3 show the results of the unconditional models for mathematics and 
geometry, respectiVely. These models provide the average within-school parameters. 
Although this chapter focuses only on the intercept parameter, all the parameters in the 
models are shown because they function as control variables. The average achievement 
scores in math are about 211 in trade 4, 260 in grade 8, and 292 in grade 12 (table 3.2). 
The average achievement scores in geometry are 213 in grade 4, 258 in grade 8, and 292 in 
grade 12 (table 3.3). Because the predictors have 0 means due to centering, these 
achievement levels represent average achievement in each school at the "average" gender, 
race-ethnicity, SES, and course-taking values, before controlling for these variables. 

These averages are slightly different than the means in table 2.4 because they are the 
average of the school intercepts, or averages, whereas the means in table 2.4 are the 
achievement averages across all students. In addition, the averages in tables 3.2 and 3.3 are 
the average of five estimates of the school averages. According to table 2.4, the average 
achievement scores have standard deviations in math and geometry, respectively, across all 
students of 29 and 32 in grade 4.33 and 35 in grade 8, and 34 and 41 in grade 12. 

The intercept averages are larger in the higher grades because the scales have been 
constituted as a continuum from lower to higher grades. NAEP has selected scale anchor 
levels, which describe the types of abilities a student at each level on the scale would have, 
and these anchor levels can be used to compare the intercept averages. The NAEP anchor 
levels are:57  

200: Simple additive reasoning and problem solving with whole numbers; 
300: Simple multiplicative reasoning and two-step problem solving; 
350: Reasoning and problem solving involving fractions, decimals, percents, 

elementary geometric properties, and simple algebraic manipulations; and 
400: Reasoning and problem solving involving geometric relationships, algebraic 

equations, and beginning statistics and probability. 

Tables 3.2 and 3.3 also include the reliability and the original parameter variance 
around the intercept, or average achievement level, in this unconditional model. The 
reliability is the proportion of the total variance that the parameter variance represents. It is 
this parameter variance in the unconditional model that the subsequent HLM models will 
seek to explain. The rest of the total variance is sampling error, and cannot be explained. 
The reliability changes little between models, as can be seen in the later tables. However, 
the parameter variance is usually lower in subsequent conditional models, as variables in 
these models explain at least some of this variance. 

In all three grades and in both math and geometry, the reliability on average 
achievement is around 90 percent, so most of the variance around average achievement is 
parameter variance and has the potential to be explained. In addition, in each grade and 
subject, the parameter variance is high and very significant. Thus, the average achievement 
varies quite a bit between schools, and this variance has the potential to be explained by a 
correctly-specified conditional model. 

"A. Rogers et al.. National Assessment of Educational Progress: 1990 Secondary-use Data Files User 
Guide (Princeton. NJ: Educational Testing Service. Revised-June 1992): 140. 



Table 3.2.—Average within-school predictors of math achievement, grades 4, 8, and 12 

WITHIN-SCHOOL PARAMETERS Grade 4 Grade 8 Grade 12 
(Unit of parameter) 

	INTERCEPT (Average Achievement) 211.35" 260.28" 291.98" 
	GENDER (1=Female) .1.46t -0.63 -2.53" 
	RACE-ETHNICITY (1=Afr. Am/Hisp./Nat. Am) -14.74" -15.48" -14.13" 

	SES (0=Mean) 6.20' 10.65" 12.36" 
	TAKING ALGEBRA (1=If currently taking algebra) 31.66" 

YRS OF CALCULUS (t=orte year) 17.58" 

OTHER HLM STATISTICS FOR INTERCEPT PARAMETER ONLY 

Reliability .90 .94 .93 
Parameter variance 235.98" 281.45" 299.05** 

NOTE: "probability S .01; 'probability 5 .05; tprobability S .10. 

SOURCE: U.S. Department of Education. National Center for Education Statistics. National Assessment of 
Educational Progress. 1990 NAEP: Math Assessment of 4th Grade. 8th Grade, and 12th Grade Students. 
Restricted-Use Data Base. • 

Table 3.3.—Average within-school predictors of geometry achievement, grades 4, 8, and 12 

WITHIN-SCHOOL PARAMETERS Grade 4 Grade 8 Grade 12 
(Unit of parameter) 

INTERCEPT (Average Achievement) 213.13" 258.04" 292.08" 
GENDER (1=Female) -0.14 -1.23 -6.47" 
RACE-ETHNICITY (1=Afr. Am/Hisp./Nat Am . ) -12.43" -14.00** -14.30" 
SES (0=Mean) 4.53•' 8.93" 7.49** 
TAKING ALGEBRA (1=If currently taking algebra) 27.84" 
YRS OF GEOMETRY (1=One year) 23.58" 

OTHER HLM STATISTICS FOR INTERCEPT PARAMETER ONLY 

Reliability .88 .90 .93 
Parameter variance 252.61" 260.16" 392.68" 

NOTE: •'probability S .01; 'probability 5 .05; tprobability 5 .10. 

SOURCE: U.S. Department of Education. National Center for Education Statistics. National Assessment of 
Educational Progress, 1990 NA EP. Math Assessment of 4th Grade. 8th Grade, and 12th Grade Students. 
Restricted-Use Data Base. 



B. Between-school models 

Student body characteristics 

Tables 3.4 and 3.5 show the HLM results for the student body characteristics models 
predicting average achievement.58 The variables in this model also function as control 
variables for all later models, so their performance in later models is also described. 

In all three grades, the percentage of African-American students in the school and the 
SES level of students in that grade in the school were significantly associated with average 
achievement levels between schools in both math and geometry. However, the percentage 
of Hispanic students in a school was not significantly associated with average math 
achievement in any grades, although in grade l math, it was close to being significant. This 
pattern remained the same in all grades when other variables were added to this model. 

The higher the percentage of African-American students in the school, the lower the 
average achievement by a similar amount in each grade. For every standard deviation above 
the average percentage of African-American students in a school, the average achievement 
was 5 to 7 points lower in math and geometry in that school (tables 3.4 and 3.5). For 
instance in grade 4, the average percentage of African-American students was 13 percent 
and the standard deviation was 20 percent, so for every 20 percentage points of African-
American students above 13 percent, the average math achievement in a school was 5 
points lower than in schools with 13 percent African-American students (table 2.4).59  

SES levels were also associated with average achievement. The higher the average 
SES level of the students in each grade and school, the higher the math and geometry 
achievement level in that grade and school. These effects were more pronounced in the 
higher grades, and ranged from a low of about 5 achievement points in grade 4 geometry to 
a high of about 13 achievement points in grade 12 geometry for every standard deviation 
above the average SES (tables 3.4 and 3.5). The mean of the between-school SES levels 
was 0, and the standard deviation was about .25 in each grade.(table 2.4) Therefore, for 
every .25 above 0 in the average SES level of a school, the average achievement in that 
school was about 5 points higher in grade 4, about 9 points higher in grade 8, and about 13 
points higher in grade 12. 

As in the unconditional model, the reliability for each grade and subject indicates that 
most of the variance around the intercept is parameter variance. The amount of parameter 
variance is less than in the unconditional model, but it is still high and significant for each 
grade and subject, so there is more variance that can be explained with a fuller model. 
However, this model has already explained from 27 to 29 percent of the grade four 
variance, and from 70 to 74 percent of the grade eight and twelve variance. Therefore, 
different variables need to be found to explain more of the grade four variance in average 
achievement, while this model already explains most of this variance in grades eight and 
twelve. However, other variables could still add explanatory power to these grades. 

"The average achievement, gender, and race-ethnicity parameters were random and modeled, while the SES 
and course-taking parameters were fixed and not modeled. Although all of these parameters were included in 
the full model, only the equation 2.6, which modeled the intercept parameter, is shown in tables 3.4 to 
3.16. The results of equations 2.7 and 2.8, which model the gender and race-ethnicity parameters, are 
presented and discussed in the next two chapters. For the full model, see the corresponding HLM tables in 
Appendix A. 
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Table 3.4.—Student body characteristics predictors of student-level parameters of math 
achievement, grades 4, 8, and 12 

WITHIN-SCHOOL PARAMETERS Grade 4 Grade 8 Grade 12 
Between-school predictors' 

INTERCEPT (AVERAGE ACHIEVEMENT) 
Intercept 212.87" 262.96" 292.80" 
Percent African-American -5.00" -7.11" -6.55" 
Percent Hispanic -0.97 -1.19t 0.91 
Average SES 5.01" 9.31" 11.64" 

OTHER HLM STATISTICS 

Reliability .90 .80 .77 
Parameter variance 166.91" 73.84" 76.66" 
Proportion of parameter variance explained .29 .74 .74 

I All between-school independent variables have been standardized. See chapter two for more information. 

NOTE: "probability 1 .01; •probability 5 .05; tprobability 5 .10. This table shows only the intercept 
parameter equation of the estimated HLM model. For the complete HLM model. see the corresponding tables in 
Appendix A. 

SOURCE: U.S. Department of Education. National Center for Education Statistics. National Assessment of 
Educational Progress. 1990 NAEP: Math Assessment of 4th Grade. 8th Grade, and 12th Grade Students. 
Restricted-Use Data Base. 

Table 3.5.—Student body characteristics predictors of student-level parameters of 
geometry achievement, grades 4, 8, and 12 

WITHIN-SCHOOL PARAMETERS Grade 4 Grade 8 Grade 12 
Between-school predictors' 

INTERCEPT (AVERAGE ACHIEVEMENT) 
Intercept 214.64" 260.42" 292.97" 
Percent African-American -5.00" -7.56" -7.18" 
Percent Hispanic -1.25 -0.82 1.11 
Average SES 4.81" 8.25" 13.18" 

OTHER HLM STATISTICS 

Reliability .84 .74 .79 
Parameter variance 185.33" 77.77" 112.78" 
Proportion of parameter variance explained .27 .70 .71 

lAll between-school independent variables have been standardized. See chapter two for more information. 

NOTE: "probability 5 .01; •probability 5 .05; tprobability 5 .10. This table shows only the intercept 
parameter equation of the estimated HLM model. For the complete HLM model. see the corresponding tables in 
Appendix A. 

SOURCE: U.S. Depanment of Education, National Center for Education Statistics. National Assessment of 
Educational Progress. 1990 NAEP: Math Assessment of 4th Grade. 8th Grade, and 12th Grade Students. 
Restricted-Use Data Base. 

59Table 2.4 lists the unstandardized means and standard deviations of all the between-school variables. 



School resources (student, staff, fiscal, and physical) 

Tables 3.6 and 3.7 show the HLM results for the school resources models for all 
three grades, and table 3.8 shows the HLM results for a detailed school resources model 
for grade 4. For the most part, differences in school resources were not associated with 
differences in average math or geometry achievement levels between schools. The amount 
of district instructional funds spent per student, the student/teacher ratio, and the number of 
students in the school were not related to student achievement in any grade. Reflecting this 
lack of association of school resource variables with average achievement in schools, the 
parameter variance and, thus, the proportion of variance explained, was not reduced any 
further by this model than by the previous school characteristics model. 

In the grade 4 detailed model only, the higher the percentage of students in the school 
using computers in instruction, the higher the average achievement in math and geometry 
(table 3.8) by about 2 to 3 achievement points for every standard deviation above the 
average percentage. However, the average number of computers per student was not 
related to achievement in grade 4.60 The proportion of parameter variance explained 
increased only slightly for grade four with this model, from .29 to .31 in mathematics and 
from .27 to .30 in geometry, indicating that this one significant school resource variable did 
not add much explanatory power to the school characteristics model. 

Table 3.6.-School resources predictors of student-level parameters of math achievement, 
grades 4, 8, and 12 

WITHIN-SCHOOL PARAMETERS Grade 4 Grade 8 Grade 12 
Between-school predictors' 

INTERCEPT (AVERAGE ACHIEVEMENT) 
Intercept 213.12•' 262.89•• 292.55•• 
Percent African-American -4.69•• -7.18•• -6.60•• 
Percent Hispanic -0.18 -1.38t 0.48 
Average SES 5.07•• 9.22•• 10.98•• 
School size (number of students) -1.34 0.04 1.10 
Student/teacher ratio -1.36 0.59 -0.89 
District instructional funds/student -0.68 0.39 0.76 

OTHER HLM STATISTICS 

Reliability .86 .80 .77 
Parameter variance 166.48•• 76.17•• 77.21•• 
Proportion of parameter variance explained .29 .73 .74 

iAll between-school independent variables have been standardized. See chapter two for more information. 

NOTE: ••probability S .01; •probability S .05; tprobability S .10. This table shows only the intercept 
parameter equation of the estimated HLM model. For the complete HLM model, see the 7.orresponding tables in 
Appendix A. 

SOURCE: U.S. Department of Education. National Center for Education Statistics, National Assessment of 
Educational Progress. 1990 NAEP: Math Assessment of 4th Grade, 8th Grade, and 12th Grade Students. 
Restricted-Use Data Base. 

60These computer variables could not be tested in grades 8 and 12 due to the large number of missing 
values. See chapter two for a discussion of missing values. 



Table 3.7.—School resources predictors of student-level parameters of geometry 
achievement, grades 4, 8, and 12 

WITHIN-SCHOOL PARAMETERS Grade 4 Grade 8 Grade 12 
Between-school predictors' 

INTERCEPT (AVERAGE ACHIEVEMENT) 
Intercept 214.960* 260.20•• 292.62** 
Percent African-American -4.54'• -7.73•• -7.25•• 
Percent Hispanic -0.35 -1.21 0.56 
Average SES 4.92** 7.88•• 12.12•• 
School size (number of students) -1.56 0.31 1.46 
Student/teacher ratio -1.29 0.51 -1.64 
District instructional funds/student -1.09 0.98 0.24 

OTHER HLM STATISTICS 

Reliability .84 .74 .79 
Parameter variance 183.430* 79.090* 111.08" 
Proportion of parameter variance explained .27 .70 .72 

I All between-school independent variables have been standardized. See chapter two for more information. 

NOTE: "probability 5 .01; *probability S .05; *probability 5 .10. This table shows only the intercept 
parameter equation of the estimated HLM model. For the complete HLM model. see the corresponding tables in 
Appendix A. 

SOURCE: U.S. Department of Education. National Center for Education Statistics. National Assessment of 
Educational Progress. 1990 NAEP: Math Assessment of 4th Grade. 8th Grade, and 12th Grade Students, 
Restricted-Use Data Base. 



Table 3.8.—Detailed school resources predictors of student-level parameters of grade 4 
math and geometry achievement 

WITHIN-SCHOOL PARAMETERS Math Geometry 
Between-school predictors' Grade 4 Grade 4 

INTERCEPT (AVERAGE ACHIEVEMENT) 
Intercept 213.30•• 215.23•• 
Percent African-American -4.09•• -3.86•• 
Percent Hispanic -0.35 -0.60 
Average SES 5.07•• 4.93•• 
School size (number of students) -1.33 -1.40 
Student/teacher ratio -1.58 -1.45 
District instructional funds/student -0.71 -1.10 
Computers per student -0.83 -0.51 
Percent use computers as part of math instruction 2.36• 2.52• 

OTHER HLM STATISTICS 

Reliability .86 .83 
Parameter variance 162.09•• 177.98•• 
Proportion of parameter variance explained .31 .30 

1 Al1 between-school independent variables have been standardized. See chapter two for more information. 

NOTE: ••probability 5 .01; •probability 5 .05; tprobabilit* 5 .10. This table shows only the intercept 
parameter equation of the estimated HLM model. For the complete HLM model, see the corresponding tables in 
Appendix A. 

SOURCE: U.S. Department of Education. National Center for Education Statistics, National Assessment of 
Educational Progress. 1990 NAEP: Math Assessment of 4th Grade. 8th Grade, and 12th Grade Students, 
Restricted-Use Data Base. 



Classroom instructional methods 

Tables 3.9 and 3.10 show the HLM results for the classroom instructional methods 
models for all three grades. The amount of time spent in the seven types of instructional 
methods (nine types in grade 12) was based on student perceptions and averaged across the 
grade within schools. Several of these methods were associated with different levels of 
average achievement by school, controlling for percent African-American, percent 
Hispanic, and average SES levels. 

For overall math achievement in each grade, the more time spent doing problems 
from textbooks in math class, the higher was the average math and geometry achievement. 
The average school achievement score was 2-3 points higher for every standard deviation 
above the average amount of time spent working from textbooks (tables 3.9 and 3.10). In 
addition, in grade 4, the more work in math class that was done with objects (blocks, 
rulers, and shapes), the higher was the average achievement in math by about 2 points for 
every standard deviation above average work with objects. However, also in grade 4, the 
more that calculators were used in math class, the worse students did in math, also by 
about 2 points for every standard deviation above average work with calculators. Similarly, 
the more that computers were used in 8th grade math class, the lower the scores of 8th 
grade students in math achievement by about 2 points for every standard deviation above 
average use of computers. In grade 12, however, using calculators was associated with 
higher achievement in math by 3.5 points for every standard deviation above average use of 
calculators. In addition, in schools where 12th graders more than average time writing 
proofs in math class, math achievement was higher by about 2 points for every standard 
deviation above the average time spent writing math proofs. 

For the geometry subscale, some similar instructional methods were associated with 
achievement. Working on problems from textbooks was positively associated with 
achievement only in grades 4 and 8. As was true for math achievement, computers in grade 
8 were associated with lower geometry achievement, while using calculators in grade 12 
was associated with higher geometry achievement. These results will be discussed in the 
discussion chapter. 

These classroom instructional methods models, with several significant variables, 
improved the proportion of variance explained somewhat by several percentage points 
above the student characteristics models. Still, a significant amount of parameter variance 
was left to explain. 

In addition to the significant variables in these models, there were several methods 
that were almost significant, with a significance level of between .055 and .10. At this 
marginal level of significance, working with objects was positively associated with 
geometry achievement in grades 4 and 8, but negatively associated in grade 12. In addition, 
in grade 8, taking math tests was negatively associated with achievement. In grade 12, 
schools in which 12th graders spent more time writing math proofs averaged higher 
geometry achievement, while those that spent more time formulating their own math 
problems averaged lower achievement. If other methods or other variables were added to 
this model, these methods could be examined to see if any become significant at a level of 
less than .05 or if they become less significant. However, without a comparison model, 
there is no way to tell whether these results are true relationships or random non-significant 
associations. 



Table 3.9.-Classroom instructional methods predictors of student-level parameters of math 
achievement, grades 4, 8, and 12 

WITHIN-SCHOOL PARAMETERS Grade 4 Grade 8 Grade 11 
Between-school predictors' 

INTERCEPT (AVERAGE ACHIEVEMENT) 
Intercept 213.04•• 262.78** 292.55•• 
Percent African-American -4.70•* -6.83'• -6.31** 
Percent Hispanic -0.48 -0.78 0.22 
Average SES 4.83•• 9.21'• 8.60•• 
Average time spent on: 

Working in small groups -1.31 -1.02 0.91 
Working with objects 1.96• 0.64 -1.47 
Doing problems on worksheets 0.05 1.70 -0.75 
Doing problems from textbook 2.74•• 2.48•• 3.03• 
Taking math tests -1.30 -1.35 -0.63 
Using computer 0.96 -2.16• -0.45 
Using calculator -2.12• 1.26 3.53•• 
Writing math proofs 1.99* 
Formulating own math problems -1.52 

OTHER HLM STATISTICS 

Reliability .85 .78 .72 
Parameter variance 152.19•' 65.99•* 58.93•' 
Proportion of parameter variance explained .36 .76 .80 

1All between-school independent variables have been standardized. See chapter two for more information. 

NOTE: ••probability 5 .01; •probability 5 .05; *probability 5 .10. This table shows only the intercept 
parameter equation of the estimated HLM model. For the complete HLM model. see the corresponding tables in 
Appendix A. 

SOURCE: U.S. Department of Education. National Center for Education Statistics. National Assessment of 
Educational Progress, 1990 NAEP: Math Assessment of 4th Grade. 8th Grade, and 12th Grade Students. 
Restricted•Use Data Base. 



Table 3.10.—Classroom instructional methods predictors of student-level parameters of 
geometry achievement, grades 4, 8, and 12 

WITHIN-SCHOOL PARAMETERS Grade 4 Grade 8 Grade 12 
Between-school predictors' 

INTERCEPT (AVERAGE ACHIEVEMENT) 
Intercept 214.81" 260.24" 292.71'• 
Percent African-American -4.68" -7.09** -6.79• 
Percent Hispanic -0.75 -0.45 0.31 
Average SES 4.60" 8.11" 9.69" 
Average time spent on: 

Working in small groups -1.24 -1.00 -0.53 
Working with objects  2.021  1.731 -2.00t 
Doing problems on worksheets 0.22 2.12 -0.93 
Doing problems from textbook 2.96" 2.07• 2.52 
Taking math tests -1.33  -2.011 0.15 
Using computer 0.96 -2.03* -0.32 
Using calculator -1.80t 1.47 4.27" 
Writing math proofs  2.321 
Formulating own math problems  -2.481 

OTHER HLM STATISTICS 

Reliability .83 .71 .76 
Parameter variance 171.23" 66.79** 90.97" 
Proportion of parameter variance explained .32 .74 .77 

'All between-school independent variables have been standardized. See chapter two for more information. 

NOTE: "probability 5 .01; •probability 5 .05; tprobability 5 .10. This table shows only the intercept 
parameter equation of the estimated HLM model For the complete HLM model. see the corresponding tables in 
Appendix A. 

SOURCE: U.S. Department of Education. National Center for Education Statistics, National Asp.* rtent of 
Educational Progress. 1990 NAEP: Math Assessment of 4th Grade. 8th Grade ' 12th Grade Students. 
Restricted-Use Data Base. 



School climate models 

In these school climate models, three types of school climate equations were 
estimated. The first model focused on attitudes held by the students about math, about 
themselves and math, and about females and math averaged across the grade within each 
school. Using these attitudes as control variables, the second model added student behavior 
and physical safety variables to the equation. The third model also used the attitude 
variables as controls, and tested the association of academic expectations with achievement. 
These school climate models will be used to illustrate the sensitivity of HLM equations to 
variable specification in the models. 

Mathematics Attitudes 

Tables 3.11 and 3.12 show the HLM results for the math attitudes models for all 
three grades. Student attitudes alone, controlling for percent African-American, percent 
Hispanic, and average SES levels, were associated with achievement in grades 8 and 12. 
Schools in which more 8th grade students liked math and felt they were good at it had 
higher achievement in' 8th grade math overall by about 2.5 points (table 3.11). In grade 12, 
feeling positive about math was strongly associated with higher achievement in math and 
geometry (table 3.12). Average achievement in these schools was 7 to 8 points higher for 
every standard deviation above the average attitude about math. However, the more 12th 
grade students who believed that math was useful, the lower the average math and 
geometry achievement in the school by about 3 points in math and 5 points in geometry 
(tables 3.11 and 3.12). These results will be discussed in the discussion chapter. 

In terms of proportion of parameter variance explained, this basic student 
climate/math attitudes model did not do much better than any of the previous models in 
grades 4 and 8. For these grades, the explanatory power of the school characteristics model 
did not improve by more than two percentage points for grades 4 and 8 in overall math and 
geometry achievement. However, for grade 12, the proportion of variance explained 
increased by 8 percentage points for both overall math and geometry. Therefore, this model 
had the most salience for grade 12 math and geometry achievement above the student body 
characteristics. 

For all grades, there was still significant amount of parameter variance left to explain, 
so the subsequent school climate models, which were built upon this model, were tested to 
see if they could improve the explanatory power for any of the grades. 

In addition, in this first school climate model, there were several variables that were 
almost significant and that can be examined further in the subsequent school climate 
models. In grade 4, schools in which more students held female-positive attitudes about 
math had higher achievement in both math and geometry (tables 3.11 and 3.12). In the 
grade 8 overall math equation, schools in which more students held female-positive 
attitudes about math were more likely to have higher average 8th grade math achievement 
(table 3.11). In addition, schools with higher percentages of Hispanic students had slightly 
lower 8th grade math achievement (table 3.11). And in grade 12, schools with higher 
percentages of Hispanic students had slightly higher 12th grade math achievement (table 
3.11). Because the subsequent school climate models build upon this model, these 
variables can be examined in these models to see if their significance increases or 
decreases. We then might begin to determine whether these results are true relationships or 
random non-significant associations. The performance of these and other variables will 
demonstrate the sensitivity of these models to variable specification. 



Table 3.11.—Student climate (math attitudes) predictors of student-level parameters of 
math achievement, grades 4, 8, and 12 

WITHIN-SCHOOL PARAMETERS Grade 4 Grade 8 Grade 12 
Between-school predictors' 

INTERCEPT (AVERAGE ACHIEVEMENT) 
Intercept 213.02" 263.09" 292.59" 
Percent African-American -4.59** -7.43" -7.17** 
Percent Hispanic -0.90 -1.13t 1.03 
Average SES 3.71" 9.14** 10.79** 
Students feel math is useful 1.44 -1.25 -3.33** 
Students enjoy and feel competent in math 1.26 2.52* 6.66" 
Students disagree that math is more for boys  1.921  1.491 -0.06 

OTHER HLM STATISTICS 

Reliability .86 .79 .71 
Parameter variance 163.15" 69.11" 54.69" 
Proportion of parameter variance explained .31 .75 .82 

1717etween-school independent variables have been standardized. See chapter two for more information. 

NOTE: "probability 5 .01; 'probability 5 .05. tprobability 5 .10. This table shows only the intercept 
parameter equation of the estimated HLM model. For the complete HLM model. see the corresponding tables in 
Appendix A. 

SOURCE: U.S. Department of Education. National Center for Education Statistics. National Assessment of 
Educational hostess. 1990 NAEP: Math Assessment of 4th Grade. Rth Grade. and 12th Grade Students. 
Restricted-Use Data Basti. 



Table 3.12.—Student climate (math attitudes) predictors of student-level parameters of 
geometry achievement, grades 4, 8. and 12 

WITHIN-SCHOOL PARAMETERS Grade 4 Grade 8 Grade 12 
Between-school predictors' 

INTERCEPT (AVERAGE ACHIEVEMENT) 
Intercept 214.81" 260.55" 292.70" 
Percent African-American -4.50" -7.76" -7.78" 
Percent Hispanic 
Average SES 

-1.20 
3.54" 

-0.79 
8.11•. 

1.31t 
12.09" 

Students feel math is useful 1.73 -1.31 -4A9" 
Students enjoy and feel competent in math 0.60 1.50 7.58'• 
Students disagree that math is more for boys  1.951 1.28 -0.28 

OTHER HLM STATISTICS 

Reliability .84 .73 .74 
Parameter variance 181.91" 76.14 82.99' 
Proportion of parameter variance explained .28 .71 .79 

I All between-school independent variables have been standardized. See chapter two for more information. 

NOTE: "probability 5 .01; •probability 5 .05; tprobability 5 .10. This table shows only the intercept 
parameter equation of the estimated HLM model. For the complete HLM model, see the corresponding tables in 
Appendix A. 

SOURCE: U.S. Depanment of Education. National Center for Education Statistics. National Assessment of 
Educational Progress. 1990 NAEP: Math Assessment of 4th Grade. Eth Grade. and 12th Grade Students. 
Restricted-Use Data Base. 



Student Behavior and Safety 

Tables 3.13 and 3.14 show the HLM results for the student behavior and safety 
models for all three grades. None of the student behavior or physical safety problems were 
associated with achievement differences in grade 4 or 8 (tables 3.13 and 3.14). However, 
by controlling for problems in the school and the percent of students enrolled all year, the 
female-positive attitudes that had been almost significant and positively associated with 
math achievement in grade 4 became significant (table 3.13). The other variables that were 
almost significant in grade 4 and 8—female positive attitudes in grade 4 geometry and 
grade 8 math and percent Hispanic in grade 8 math and geometry—remained at the same 
marginal level of significance with similar gamma values and directions (tables 3.13 and 
3.14). 

In grade 12, one of the student behavior and physical safety problems was associated 
with math and geometry achievement. Schools where more students reported that other 
students disrupted class, nad a lower average achievement in math and geometry by about 3 
points for every standard deviation above the average of class disruptions (tables 3.13 and 
3.14). By controlling for these problems, the previous association of percent Hispanic with 
geometry achievement dropped from almost significant to not significant at all. 

Not surprisingly, this model did not improve the proportion of parameter variance 
explained above that of the previous school climate model for grades 4 or 8 at all, and only 
increased the explanatory power for grade 12 by 3 percentage points. All grades still had 
significant amounts of parameter variance left to explain. 

The next school climate model did not build upon this model, but replaced the student 
behavior and safety variables with predictors about academic expectations, leaving the basic 
math attitudes in the model. 



Table 3.13.—Student climate (math attitudes and student behavior and safety) predictors of 
student-level parameters of math achievement, grades 4, 8, and 12 

WITHIN-SCHOOL PARAMETERS Grade 4 Grade 8 Grade 12 
Between-school predictors' 

INTERCEPT (AVERAGE ACHIEVEMENT) 
Intercept 213.61" 263.060' 293.06" 
Percent African-American -4.27" -7.75" -6.25" 

Percent Hispanic -0.79 -1.24t 1.03 
Average SES 3.59'• 9.26** 9.98" 
Students feel math is useful 1.47 -1.25 -3.22" 
Students enjoy and feel competent in math 1.47 2.59' 6.42'• 

Students disagree that math is more for boys 2.04' 1.68t -0.30 
Index of problems in the school -0.59 
Percent students enrolled all year 0.64 
	Absenteeism in grade -0.58 0.84 

Students feel classes often disrupted -0.58 -2.84" 
Students feel unsafe at school 1.35 -1.36 

OTHER HLM STATISTICS 

Reliability .86 .79 .67 
Parameter variance 161.98" 69.32** 45.731" 
Proportion of parameter variance explained .31 .75 .85 

'All between-school independent variables have been standardized. See chapter two for more information. 

NOTE: **probability 5 .01; •probability S .05; tprobability 5 .10. This table shows only the intercept 
parameter equation of the estimated HLM model. For the complete HLM model, see the corresponding tables in 
Appendix A. 

SOURCE: U.S. Department of Education. National Center for Education Statistics. National Assessment of 
Educational Progress, 1990 NAEP: Math Assessment of 4th Grade. 8th Grade. and 12th Grade Students, 
Restricted•Use Data Base. 



Table 3.14.—Student climate (math attitudes and student behavior and safety) predictors of 
student-level parameters of geometry achievement, grades 4, 8, and 12 

WITHIN-SCHOOL PARAMETERS Grade 4 Grade 8 Grade 12 
Between-school predictors' 

INTERCEPT (AVERAGE ACHIEVEMENT) 
Intercept 215.58•• 260.50'• 293.21•• 
Percent African-American -4.06" 8.06•• -6.78•• 
Percent Hispanic -1.05 -0.89 1.26 
Average SES 3.38•• 8.22•• 11.28" 
Students feel math is useful 1.78 -1.35 -4.38" 
Students enjoy and feel competent in math 0.89 1.61 7.32•• 
Students disagree that math is more for boys 2.11t 1.45 -0.55 
Index of problems in the school -0.78 
Percent students enrolled all year 0.83 
Absenteeism in grade -0.45 1.19 
Students feel classes often disrupted -0.37 -3.22" 
Students feel unsafe at school 1.16 -1.33 

OTHER HLM STATISTICS 

Reliability .83 .74 .71 
Parameter variance 178.10" 76.91" 71.14" 
Proportion of parameter variance explained .29 .70 .82 

I All between-school independent variables have been standardized. See chapter two for more information. 

NOTE: ••probability S .01: 'probability S .05: tprobability 5 .10. This table shows only the intercept 
parameter equation of the estimated HLM model. For the complete HLM model. see the corresponding tables in 
Appendix A. 

SOURCE: U.S. Department of Education. National Center for Education Statistics. National Assessment of 
Educational Progress. 1990 NAEP: Math Assessment of 4th Grade. 8th Grade, and 12th Grade Students, 
Restricted-Use Data Base. 



Academic Expectations 

Tables 3.15 and 3.16 show the HLM results for the academic expectations models for 
all three grades. Each grade had different variables measuring academic expectations, but 
academic expectation variables in each grade were associated with achievement only in 
grades 8 and 12. 

In grade 4, neither the amount of math instruction per week in the school nor whether 
math was a priority in the school were related to average math or geometry achievement 
(tables 3.15 and 3.16). However, controlling for these variables made female-positive 
attitudes significantly associated with both math and geometry achievement in grade 4. 

The female-positive attitudes variable wavered between almost significant and 
significant for math and geometry in these three school climate models (tables 3.11-3.16). 
The fact that three variables, two related to math emphasis in the school, were needed to 
push this variable to significance showed the possible weakness of this association. This 
variable would need to be tested in models with a variety of other variables in order to 
determine how robust this relationship was. 

Similarly in grade 4, in the last school climate model, the math attitudes variable of 
students feeling math is useful went from being not at all significant to being almost 
significant and positively associated with geometry achievement. Given that this was not at 
all significantly related to geometry achievement in the earlier models, the robustness of this 
association is also suspect. 

In grade 8, the percentage of 8th graders taking algebra was the only academic 
expectation variable. Schools with higher percentages of 8th graders taking algebra had 
higher average achievement in math and geometry by about 3 points for every standard 
deviation above the average of percentages taking algebra (tables 3.15 and 3.16). 

By controlling for the percentages of 8th graders taking algebra, two variables 
became significant in grade 8 for the first time. The association of female-positive attitudes 
with higher average math achievement went from almost significant to significant for math 
and, for the first time, became almost significant for geometry (tables 3.11 to 3.16). In 
addition, the almost significant negative association of percentage of Hispanic students with 
math achievement became significant, while the non-association of this variable in 
geometry became negatively and almost significant (tables 3.11 to 3.16). However, as in 
grade 4, these variables would need to be tested in models with a variety of other variables 
in order to determine how robust these relationships were. 

In grade 12, both academic expectation variables—the percentage of 12th graders on 
the academic/college prep track and the average number of years of calculus taken by 12th 
grade—were positively associated with achievement. The more 12th graders on the 
academic/college prep track, and the higher amount of calculus taken, the higher the 
school's average grade 12 achievement in both math and geometry by about 4 to 5 points 
and 2 to 3 points, respectively, for every standard deviation above the average of these 
academic expectations variables (tables 3.15 and 3.16). As in the previous school climate 
model, by controlling for these academic expectations, the association of perceht Hispanic 
with geometry achievement in the first school climate model dropped from almost 
significant to not significant at all. 

After this last model, the parameter variance in all grades and in both math and 
geometry remained high and significantly different from 0, indicating that more models or 

https://3.11-3.16


variables were needed to explain this variance. The proportion of variance explained rose 
only slightly for all three grades in math and geometry, although for grades 8 and 12 this 
model had the highest explanatory power of the six models tested. This model explained 78 
and 72 percent of the variance in grade 8 math and geometry, respectively, and it explained 
86 and 83 percent of the variance in grade 12 math and geometry, respectively. However, it 
explained only 32 and 30 percent of the variance in grade 4 math and geometry, 
respectively. Therefore, while a large portion of the grade 8 and 12 variance in average 
achievement had been explained, the models were for the most part incorrectly specified to 
explain the grade 4 variance in average achievement. 

Table 3.15.—School climate (math attitudes and academic expectations) predictors of 
student-level parameters of math achievement, grades 4, 8, and 12 

WITHIN-SCHOOL PARAMETERS Grade 4 Grade 8 Grade 12 
Between-school predictors' 

INTERCEPT (AVERAGE ACHIEVEMENT) 
Intercept 213.75" 262.82" 292.38" 
Percent African-American -4.15" -7.49" -6.90" 
Percent Hispanic -0.83 -1.75• 0.43 
Average SES 3.75" 7.86" 8.22" 
Students feel math is useful 1.55 -0.69 -1.90• 
Students enjoy and feel competent in math 1.43 2.34• 4.92" 
Students disagree that math is more for boys 2.07• 1.95• -0.21 
Amount of instruction in math -0.24 
Math identified as a special priority -0.53 
Percent of 8th grade students taking algebra 3.07" 
Percent of students on academic/college prep 3.84" 
Mean years 12th graders have taken calculus 2.12" 

OTHER HLM STATISTICS 

Reliability .86 .77 .65 
Parameter variance 161.12" 62.19" 42.97" 
Proportion of parameter variance explained .32 .78 .86 

I All between-school independent variables have been standardized. See chapter two for more information. 

NOTE: "probability S .01: •probability S .05: tprobability 5 .10. This table shows only the intercept 
parameter equation of the estimated HLM model. For the complete HLM model. see the corresponding tables in 
Appendix A. 

SOURCE: U.S. Depanment of Education. National Center for Education Statistics. National Assessment of 
Educational Progress. 1990 NAEP: Math Assessment of 4th Grade. 8th Grade, and 12th Grade Students, 
Restricted-Use Data Base. 



Table 3.16.—School climate (math attitudes and academic expectations) predictors of 
student-level parameters of geometry achievement, grades 4, 8, and 12 

WITHIN-SCHOOL PARAMETERS Grade 4 Grade 8 Grade 12 
Between-school predictors' 

INTERCEPT (AVERAGE ACHIEVEMENT) 
Intercept 215.72•• 260.33" 292.42" 
Percent African-American -3.99" -7.81" -7.45•• 
Percent Hispanic -1.12 -1.30 0.60 
Average SES 3.64•• 7.03" 9.01•• 
Students feel math is useful l lot -0.84 -2.73• 
Students enjoy and feel competent in math 0.81 1.36 5.47•• 
Students disagree that math is more for boys 2.17• 1.65t -0.46 
Amount of instruction in math -0.54 
Math identified as a special priority -0.03 
Percent of 8th grade students taking algebra 2.54" 
Percent of students on academic/college prep 4.71" 
Mean years 12th graders have taken calculus 2.51" 

OTHER HLM STATISTICS 

Reliability .83 .73 .69 
Parameter variance 176.76" 72.78" 65.98" 
Proportion of parameter variance explained .30 .72 .83 

I All between-school independent variables have been standardized. See chapter two for more information. 

NOTE: '•probability 5 .0t; •probability 5 .05; tprobability 5 .10. This table shows only the intercept 
parameter equation of the estimated HLM model. For the complete HLM model, see the corresponding tables in 
Appendix A. 

SOURCE: U.S. Department of Education. National Center for Education Statistics. National Assessment of 
Educational Progress. 1990 NAEP: Math Assessment of 4th Grade. 8th Grade, and 12th Grade Students, 
Restricted-Use Data Base 



C. Summary 

Significant predictors 

Grade 4 

The following school characteristics were identified as correlates of average math and 
geometry achievement in grade 4. The percentage of African-American students in a school 
was associated with lower achievement while the SES level of a school was associated with 
higher achievement. Controlling for these student body characteristics, schools in which 
higher percentages of students were using computers had higher math and geometry 
achievement. In the classroom, the more time spent doing problems from textbooks the 
higher the average math and geometry achievement, while the more time spent working 
with objects, the higher the average geometry achievement in grade 4. However, the use of 
calculators in the 4th grade classrooms was associated with lower average math 
achievement. 

School climate also made a difference for 4th grade achievement. When Controlling 
for math academic expectations, schools in which more 4th grade students felt positively 
about girls and math had higher 4th grade math and geometry achievement, and when 
controlling for problems in the school and the percentage of full-year students, schools in 
which more 4th grade students felt positively about girls and math had higher 4th grade 
math achievement. 

Grade 8 

The following school characteristics were identified as correlates of average math and 
geometry achievement in grade 8. As in grade 4, the percentage of African-American 
students in a school was associated with lower math and geometry achievement while the 
SES level of a school was associated with higher achievement. Controlling for these 
student body characteristics, schools in which students in 8th grade classrooms were 
spending more than average amounts of time doing problems from textbooks, the higher 
the average math and geometry achievement in grade 8. However, the more time spent 
working with computers in 8th grade classes, the lower the average math and geometry 
achievement. 

Schools in which more 8th grade students liked math and felt they were good at it had 
higher average achievement in 8th grade math. Finally, schools with higher percentages of 
8th graders taking algebra had higher average achievement in math and geometry. And, 
when the percentage taking algebra was controlled for, schools in which more 8th grade 
students held female-positive attitudes about math also had higher average math 
achievement. 

Grade 12 

The following school characteristics were identified as correlates of average math and 
geometry achievement in grade 12. As in grades 4 and 8, the percentage of African-
American students in a school was associated with lower achievement while the SES level 
of a school was associated with higher achievement. 



Controlling for these student body characteristics, the following additional results 
were found. As in grades 4 and 8, schools in which students in 12th grade classrooms 
were spending more than average amounts of time doing problems from textbooks 
averaged higher math achievement in grade 12. In addition, 12th graders also averaged 
higher math and geometry achievement in schools where they were more likely to use 
calculators and average math achievement in schools where they were more likely to write 
math proofs in class. 

Several school climate measures were associated with 12th grade achievement. 
Feeling positive about math was strongly associated with higher achievement in math and 
geometry. However, the more 12th grade students who believed that math was useful, the 
lower the average math and geometry achievement. Grade 12 registered the only student 
behavior and safety issue. In schools where 12th graders felt that their classes were 
disrupted by other students, math and geometry achievement was lower. Finally, the more 
12th grade's on the academic/college prep track, and the higher average amount of calculus 
taken by the 12th grade, the higher the school's average grade 12 achievement in both math 
and geometry. 

Proportion of parameter variance explained and reliability 

The six estimated HLM models identified some school characteristics that were 
significantly associated with the average math and geometry achievement in each grade. In 
addition, the HLM program also provided estimates of the amount of parameter variance 
around average achievement that was left to explain after each model had been estimated. 
This variance was compared to the amount of parameter variance that existed in the 
unconditional model before any models were estimated and presented as a proportion of 
parameter variance that was explained by each model. 

Tables 3.17 and 3.18 present the proportion of parameter variance that was explained 
by each model within each grade. Each model has the potential to explain 1.00, or 100 
percent of the parameter variance. Since these six models were tested separately, with only 
a few common variables, for the most part these proportions should be seen as a 
comparison of the explanatory power of the different models, rather than as a cumulative or 
additive measure across the rows of the table. However, since all models did contain the 
student body variables, all models can be compared to the first model to see if other 
variables added any explanatory power. In addition, since all three school climate models 
contained the math attitudes variables, the last two models can be compared to each other to 
see if either add any explanatory power to the math attitudes model. 

For the intercept, or average achievement parameter in grades 8 and 12, the school 
climate models, especially the academic expectations model, worked best, explaining 
between 70 and 78 percent of this variance in grade 8 and between 82 to 86 percent of this 
variance in grade 12. For grade 4, the classroom instructional methods model explained the 
most of the parameter variance, but even in this model it only explained between 32 and 36 
percent. Thus, while the classroom instructional methods variables were significantly 
associated with average achievement in grade 4, other variables need to be tested to explain 
more of the variance. However, for grades 8 and 12, these models explained a good 
majority of the variance. 

In the intercept model, reliability was about 90 percent for each grade. While the 
proportion of parameter variance explained rose in grades 8 and 12, the reliability fell from 
around 90 percent to around 65 to 75 percent, indicating that as more variables were added 



to the equation, mon sampling error was brought in. However, in the grade 4 models, 
reliability remained above 80 percent, despite the additional variables. 



Table 3.17.-Proportion of parameter variance explained by each HLM model for the 
intercept parameter of math achievement, grades 4, 8, and 12 

HLM Models 

School Climate Models 
Student Classroom 	Behavior Academic 
	Body School Instructional Math 	& Safety Expectations 

Parameter Characteristics Resources Methods Attitudes & Attitudes & Attitudes 

Grade 4 Mathematics 
INTERCEPT 0.29 0.29 0.36 0.31 0.31 0.32 

Grade 8 Mathematics 
INTERCEPT 0.74 0.73 0.76 0.75 0.75 0.78 

Grade 12 Mathematics 
INTERCEPT 0.74 0.74 0.80 0.82 0.85 0.86 

NOTE: These proportions are calculated from average Tau values (averaged across the five plausible values). 
Negative proportions due to sampling variation have been set to 0. 

SOURCE: U.S. Department of Education. National Center for Education Statistics. National Assessment of 
Educational Progress. 1990 NAEP. Math Assessment of 4th Grade, 8th Grade, and 12th Grade Students, Restricted. 
Use Data Base. 

Table 3.18 -Proportion of parameter variance explained by each HLM model for the 
intercept parameter for geometry achievement, grades 4, 8, and 12 

HLM Models 

School Climate Models 
Student Classroom 	Behavior Academic 
	Body School Instructional 	Math 	& Safety Expectations 

Parameter Characteristics Resources Methods 	Attitudes & Attitudes & Attitudes 

Grade 4 Geometry 
INTERCEPT 0.27 0.27 0.32 0.28 0.29 0.30 

Grade 8 Geometry 
INTERCEPT 0.70 0.70 0.74 0.71 0.70 0.72 

Grade 12 Geometry 
INTERCEPT 0.71 0.72 0.77 0.79 0.82 C.83 

NOTE: These proportions are calculated from average Tau values (averaged across the five plausible values). 
Negative proportions due to sampling variation have been set to 0. 

SOURCE: U.S. Department of Education. National Center for Education Statistics, National Assessment of 
Educational Progress. 1990 NAEP: Math Assessment of 4th Grade. 8th Grade, and 12th Grade Students. Restricted-
Use Data Base. 



Chapter IV 

School Correlates of Gender Differences 
in Mathematics Achievement 

Overview 

This chapter presents the school-level equations that predict the "gender gap," or the 
overall gender differences in achievement within schools. The average gender gap is 
expressed in the unconditional equation 2.3, and the models estimated to predict the gender 
gap between schools are expressed in the conditional equation 2.7 (table 4.1). The gender 
equation in the between-school IU.M models (equation 2.7) tests the association of various 
school characteristics with the mathematics and geometry achievement gaps within schools 
between female students and male students (table 4.1). This chapter presents the average 
gender gap in mathematics and geometry within schools (tables 4.2 and 4.3) and the results 
of the six models estimated to predict the gender gap in mathematics and geometry (tables 
4.4 to 4.16). 

Table 4.1.—Equations related to gender beta coefficient, or the gender gap 

Within-school student level equation 

Y j = NJ + liX iSi + 132PC21) 
	

133PC3li (2.1) 

Between-school school-level equations 

Unconditional gender equation: 

	Pi) = 'no + ui) 

Conditional gender equation: 

(2.3) 

	alj 	"no +111Wiii+ 7i2V V 12.1 + ••• + (2.7) 

NOTE: For explanation of terms in equation, see chapter two. 



A. Within-school models 

Overall gender differences within schools 

Tables 4.2 and 4.3 show the results of the unconditional models for the gender 
coefficient predicting math and geometry achievement, respectively. These models provide 
the average gender differences within schools (equation 2.3) for math and geometry. 
Although this chapter focuses only on the gender parameter, all the parameters in the 
models are shown because they function as control variables. 

In grades 4 and 8 math and geometry, there were no average within-school gender 
differences in achievement in 1990, controlling for race-ethnicity, SES, and taking algebra 
in grade 8 (tables 4.2 and 4.3). However, in grade 4 math, the gender gap was almost 
significant (table 4.2). Within schools in grade 12, females averaged 2.5 points lower than 
males in math, and 6.5 points lower than males in geometry, controlling for race-ethnicity, 
SES, and for semesters of calculus or geometry, respectively (tables 4.2 and 4.3).61  

Tables 4.2 and 4.3 also include the reliability and the original parameter variance 
around the gender gap in this unconditional model. In all three grades and in both math and 
geometry, the reliability on the gender coefficient varied between 15 and 20 percent, so less 
than one fifth of the variance around the gender gap is parameter variance and has the 
potential to be explained. 

In grades 4 and 8, there was some variation among schools on gender differences in 
math achievement as indicated by significant parameter variances (table 4.2). That is, in 
some schools, females averaged higher achievement scores than males, and in other 
schools, males averaged higher scores. In addition, the size of the gap between females and 
males varied between schools. In addition in grade 12, the parameter variance was almost 
significant, so there w4s some indication of variation in this gap as well. In all grades, this 
variation was modeled by school-level equations that predicted which types of schools had 
larger or smaller gaps between males and females in mathematics achievement. 

However, there was little variation among schools on gender differences in geometry 
achievement. Thus in grades 4 and 8, most schools averaged no gender gap in geometry 
(table 4.3). In addition, in grade 12, while females achieved significantly lower than males 
on average, there was still no significant parameter variance between schools in these 
differences, that is, a similar gap appeared in most schools (table 4.3). Therefore, for 
geometry, a model predicting which types of schools had a larger or smaller gender gap 
might not find enough variation in the gap to make those predictions. 

Despite this lack of variation in the gender gap in geometry, the decision was made to 
model these gender coefficients for two reasons. First, since these models were developed 
theoretically, it was important to be consistent with the gender gap models for mash. 
Second, estimating these models would illustrate how the school-level variables behave 
when predicting significant and non-significant student-level coefficients with no variance. 
The results of the school-level models are reported in the next section. 

61 For models without coursetaking in the within-school equations in grades 8 and 12. see chapter six. 



Table 4.2.—Average within-school gender coefficients predicting math achievement, 
grades 4, 8, and 12 

WITHIN-SCHOOL PARAMETERS Grade 4 Grade 8 Grade 12 
(Unit of parameter) 

	INTERCEPT (Average Achievement) 211.35" 260.28" 291.98" 
	GENDER (1=Female) -1.46t -0.63 -2.53" 

RACE-ETHNICITY 
SES 

(1=Afr. Am/Hisp./Nat. Am) -14.74" 
(0 Mean) 6.20" 

-15.48" 
10.65" 

-14.13" 
12.36" 

	TAKING ALGEBRA (1=If currently taking algebra) 31.66" 
YRS OF CALCULUS (l=one year) 17.58" 

OTHER HLM STATISTICS FOR GENDER PARAMETER ONLY 

Reliability .15 .21 .18 
Parameter variance 23.03' 22.33' 24.18t 

NOTE: "probability S .01; 'probability S .05; tprobability 5 .10. 

SOURCE: U.S. Department of Education. National Center for Education Statistics. National Assessment of 
Educational Progress. 1990 NAEP: Math Assessment of 4th Grade, 8th Grade. and 12th Grade Students. 
Restricted-Use Data Base. 

Table 4.3.--Average within-school gender coefficients predicting geometry achievement, 
grades 4, 8, and 12 

WITHIN-SCHOOL PARAMETERS Grade 4 Grade 8 Grade 12 
(Unit of parameter) 

	INTERCEPT (Average Achievement) 213.13" 258.04" 292.08" 
	GENDER (I-Female) -0.14 -1.23 -6.47" 
	RACE-ETHNICITY (1=Afr. Am/Hisp./Nat. Am) -12.48" -14.00" -14.30" 

	SES 	(0-Mean) 4.53" 8.93" 7.49** 
	TAKING ALGEBRA (1=If currently taking algebra) 27.84" 

YRS OF GEOMETRY (1=One year) 23.58" 

OTHER HLM STATISTICS FOR GENDER PARAMETER ONLY 

Reliability .18 :17 .20 
Parameter variance 40.06 26.51 35.61 

NOTE: "probability S .01; 'probability S .05; tprobability S .10. 

SOURCE: U.S. Department of Education. National Center for Education Statistics. National Assessment of 
Educational Progress. 1990 NAEP: Math Assessment of 4th Grade. 8th Grade, and 12th Grade Students. 
Restricted-Use Data Base. 



B. Between-school models 

Predictors of gender differences within schools 

Overview 

Tables 4.4 to 4.16 show the HLM results for the six models (based on equation 2.7) 
used to predict the gender gap in math and geometry.62 This section highlights the school-
level variables in each model that were found to be significantly related to the gender gap. 
Table 4.17 summarizes the school-level variables ti..at were significantly associated with the 
gender gap in math and geometry achievement and shows the number of achievement 
points in the gap associated with a change in each variable by one standard deviation. 
Tables 4.18 and 4.19 display the proportion of parameter variance explained for the math 
and geometry gender gap by each model. 

Specific Models 

In all but one of the six models, no variables were significantly associated with the 
gender gap in either mathematics or geometry (tables 4.6 to 4.17). Only in the classroom 
instructional methods model was one variable significantly related to the gender gap in 
geometry achievement. However, in the school resources, classroom instructional 
methods, and school climate models, there were variables that were almost significant 
(tables 4.6 to 4.17). 

In the student body characteristics models, no variables were related to the gender gap 
in mathematics or geometry, despite the presence of parameter variance in the gender gap in 
grade 4 and 8 mathematics. Consequently, the proportion of parameter variance explained 
by this model was close to zero, and there was still parameter variance to explain in the 
gender gap in mathematics in grades 4 and 8. The parameter variance in the gender gap in 
grade 12 mathematics remained almost significant. It was not surprising that no variables 
were significant for geometry since the lack of parameter variance in the gender gap in 
geometry remained. However, the parameter variance in grade 12 was now almost 
significant. 

Despite their lack of association with the gender gap, the student body characteristics 
variables were included in all subsequent models as control variables in order to maintain 
consistent theoretical models and to use the centering method correctly. Since the gender, 
race-ethnicity, SES, and course-taking variables were centered at the within-school level, 
each of the school-level models had to include the means of race-ethnicity and SES. The 
gender mean was not necessary because it was a constant. The course-taking means were 
only included in the model in which they were of interest 

62The average achievement, gender, and race-ethnicity parameters were random and modeled, while the SES 
and course-taking parameters were fixed and not modeled. Although all of these parameters were included in 
the full HLM model, only equation 2.7. which modeled the gender parameter. is shown in this chapter. For 
the full model. see the corresponding HLM tables in Appendix A. 

https://geometry.62


Table 4.4.-Student body characteristics predictors of student-level parameters of math 
achievement, grades 4, 8, and 12 

WITHIN-SCHOOL PARAMETERS Grade 4 Grade 8 Grade 12 
Between-school predictor:I 

GENDER BETA COEFFICIENT 
Intercept -1.39t -0.60 -2.66" 
Percent African-American -0.24 -1.40 -0.02 
Percent Hispanic 0.14 -1.12 -0.55 
Average SES 1.39 -1.51 0.30 

OTHER HLM STATISTICS 

Reliability .15 .20 .19 
Parameter variance 22.37• 21.92• 25.83t 
Proportion of parameter variance explained .03 .02 .00 

iAll between-school independent variables have been standardized. See chapter two for more information. 

NOTE: "probability 5 .01; •probability 5 .05; tprobability S .10. This table shows only the gender parameter 
equation of the estimated HLM model. For the complete HLM model. see the corresponding tables in Appendix A. 

SOURCE: U.S. Department of Education. National Center for Education Statistics. National Assessment of 
Educational Progress. 1990 NAEP: Math Assessment of 4th Grade. 8th Grade, and 12th Grade Students. 
Restricted-Use Data Base. 

Table 4.5.-Student body characteristics predictors of student-level parameters of geometry 
achievement, grades 4, 8, and 12 

WITHIN-SCHOOL PARAMETERS Grade 4 Grade 8 Grade 12 
 Between-school predictors, 

GENDER BETA COEFFICIENT 
Intercept -0.04 -1.18 -6.67" 
Percent African-American -0.25 -1.20 0.79 
Percent Hispanic 0.07 -0.62 -0.74 
Average SES 1.54 -0.03 1.35 

OTHER HLM STATISTICS 

Reliability .17 .16 .20 
Parameter variance 37.28 29.48 38.28t 
Proportion of parameter variance explained .07 .00 .00 

All between-school independent variables have been standardized. See chapter two for more information. 

NOTE: "probability 5 .01; •probability S .05; tprobability S .10. This table shows only the gender parameter 
equation of the estimated HLM model. For the complete HLM model. see the corresponding tables in Appendix A. 

SOUPCE: U.S. Department of Education. National Center for Education Statistics. National Assessment of 
Educational Progress. 1990 NAEP: Math Assessment of 4th Grade, 8th Grade. and 12th Grade Students. 
Restricted-Use Data Base. 



In the school resources model, no variables were significant for the gender gap in 
either math or geometry, although several were almost significant for math (tables 4.6 to 
4.8). In grade 12, larger schools were almost significantly associated with a larger gender 
gap in math (table 4.6). In grade 4 in the detailed school resources model, larger schools 
and a larger number of computers per student were almost associated with a smaller gender 
gap in math achievement (table 4.8). 

A non-significant model should have no effect on the parameter variance left to 
explain, and the parameter variance levels did remain similar to the unconditional model in 
all grades for the gender gap in both math and geometry. In addition, controlling for school 
resources, the parameter variance that was almost significant dropped back to non-
significance for the gender gap in grade 12 math and geometry. 

Table 4.6.—School resources predictors of student-level parameters of math achievement, 
grades 4, 8, and 12 

WITHIN-SCHOOL PARAMETERS Grade 4 Grade 8 Grade 12 
Between-school predictors) 

GENDER BETA COEFFICIENT 
Intercept -1.56t -0.50 -2.39• 
Percent African-American -0.29 -1.30 0.20 
Percent Hispanic -0.21 -0.82 0.11 
Average SES 1.49 -1.23 1.60 
School size (number of students) 1.14 -0.46 -1 96t. 
Student/teacher ratio 0.41 -0.42 1.65 
District instructional funds/student -0.47 -0.56 -1.24 

OTHER HLM STATISTICS 

Reliability .15 .21 .18 
Parameter variance 22.24• 22.65• 23.84 
Proportion of parameter variance explained .03 .00 .01 

I All between-school independent variables have been standardized. See chapter two for more information. 

NOTE: "probability S .01; •probability S .05; tprobability S .10. This table shows only the gender parameter 
equation of the estimated HLM model. For the complete HLM model. see the corresponding tables in Appendix A. 

SOURCE: U.S. Department of Education. National Center for Education Statistics. National Assessment of 
Educational Progress. 1990 NAEP: Math Assessment of 4th Grade. 8th Grade, and 12th Grade Students. 
Restricted-Use Data Base. 



Table 4.7.—School resources predictors of student-level parameters of geometry 
achievement, grades 4, 8, and 12 

WITHIN-SCHOOL PARAMETERS Grade 4 Grade 8 Grade 12 
Between-school predictOrsi 

GENDER BETA COEFFICIENT 
Intercept -0.10 -1.36 -6.50" 
Percent African-American -0.45 -1.25 0.86 
Percent Hispanic -0.18 -0.80 -0.22 
Average SES 1.48 -0.30 2.37 
School size (number of students) 0.96 -0.11 -0.72 
Student/teacher ratio -0.04 0.02 0.33 
District instructional funds/student 0.33 0.19 -1.94 

OTHER HLM STATISTICS 

Reliability .18 .18 .19 
Parameter variance 39.60 28.33 33.42 
Proportion of parameter variance explained .00 .00 .06 

1Al1 between-school independent variables have been standardized. See chapter two for more information. 

NOTE: "probability S .01; •probability S .05; tprobability S .10. This table shows only the gender parameter 
equation of the estimated HLM model. For the complete HLM model, see the corresponding tables in Appendix A. 

SOURCE: U.S. Department of Education. National Center for Education Statistics. National Assessment of 
Educational Progress, 1990 NAEP: Math Assessment of 4th Grade, 8th Grade, and 12th Grade Students, 
Restricted•Use Data Base. 



Table 4.8.—Detailed school resources predictors of student-level parameters of grade 4 math 
and geometry achievement 

WITHIN-SCHOOL PARAMETERS Math Geometry 
Between-school predictors' Grade 4 Grade 4 

GENDER BETA COEFFICIENT 
Intercept -1.45 -0.18 
Percent African-American -0.62 -0.59 
Percent Hispanic -0.33 -0.26 
Average SES 1.65 1.50 
School size (number of students) 1 .77 t 1.30 
Student/teacher ratio 0.71 0.13 
District instructional funds/student -0.27 0.38 
Computers per student 1.53t 0.98 
Percent use computers as part of math instruction -1 43 -0.64 

OTHER HLM STATISTICS 

Reliability .14 .19 
Parameter variance 21.82e 40.68 
Proportion of parameter variance explained .05 .00 

I All between-school independent variables have been standardized. See chapter two for more information. 

NOTE: **probability S .01: *probability S .05. tnrobability S .10. This table shows only the gender parameter 
equation of the estimated HLM model. For the complete HLM model. see the corresponding tables in Appendix A. 

SOURCE: U.S. Department of Education. Naticnal Center for Education Statistics, National Assessment of 
Educational Progress, 1990 NAEP: Math Assessment of 4th Grade, 8th Grade, and 12th Grade Students. 
Restricted-Use Data Base. 



Only one classroom instructional methods variable was associated with the gender 
gap in either math or geometry. Schools in which computers were used in 12th grade math 
class for more than average amounts of time had a larger gender gap in geometry than other 
schools. For every standard deviation above the average amount of computer use in math 
class, the gender gap in 12th grade was higher by an average of about 3 points in geometry 
(table 4.10). This was in addition to the gender gap of about 7 points in geometry that all 
schools averaged when instructional methods were controlled for (table 4.10). 

Besides the one significant variable, several classroom instructional methods 
variables were almost significant in grades 4 and 12. In grade 4, the more time working on 
worksheets in math class was almost associated with a larger gender gap in math (table 
4.9). In grade 12, taking math tests more often was almost associated with a larger gender 
gap in 12th grade math (table 4.9), while higher SES schools and schools where the 12th 
graders worked with objects in math classes, were almost associated with a smaller gender 
gap in 12th grade geometry (table 4.10). 

Even though only one variable was significant in geometry and none in math, 
controlling for classroom instructional methods did explain 37 percent of the parameter 
variance in the gender gap in grade 12 math and geometry (tables 4.9 and 4.10). It is 
possible that the variables in grade 12 that were almost significant contributed to this 
explanatory power. None of the parameter variance was explained in grades 4 and 8 by this 
model. 



Table 4.9.-Classroom instructional methods predictors of student-level parameters of math 
achievement, grades 4, 8, and 12 

WITHIN-SCHOOL PARAMETERS Grade 4 Grade 8 Grade 12 
Between-school predictors' 

GENDER BETA COEFFICIENT 
Intercept -1.41t -0.60 -2.52'• 
Percent African-American -0.67 -0.84 0.65 
Percent Hispanic -0.33 -1.32 -0.21 
Average SES 1.17 -1.58 1.86 
Average time spent on: 

Working in small groups 1.23 -0.55 0.96 
Working with objects -0.31 -0.23 1.71 
Doing problems on worksheets -1.73t -1.38 0.95 
Doing problems from textbook -0.03 -1.20 0.16 
Taking math tests -0.26 -1.07 -2.88t 
Using computer -0.37 0.83 -0.92 
Using calculator 0.59 0.67 -0.56 
Writing math proofs -0.71 
Formulating own math problems 1.37 

OTHER HLM STATISTICS 

Reliability .15 .21 .12 
Parameter variance 23.60• 22.66• 15.26• 
Proportion of parameter variance explained .00 .00 .37 

All between-school independent variables have been standardized. See chapter two for more information. 

NOTE: ••probability S .01; •probability S .05; tprobability S .10. This table shows only the gender parameter 
equation of the estimated HLM model. For the complete HLM model, see the corresponding tables in Appendix A. 

SOURCE: U.S. Department of Education. National Center for Education Statistics. National Assessment of 
Educational Progress, 1990 NAEP: Math Assessment of 4th Grade. 8th Grade, and 12th Grade Students. 
Restricted-Use Data Base. 



Table 4.10.-Classroom instructional methods predictors of student-level parameters of 
geometry achievement. grades 4.8. and 12 

WITHIN-SCHOOL PARAMETERS Grade 4 Grade 8 Grade 12 
Between-school predictors' 

GENDER BETA COEFFICIENT 
Intercept -0.01 -1.26 -6.91•• 
Percent African-American -0.68 -1.04 1.02 
Percent Hispanic -0.44 -0.83 -0.52 
Average SES 1.17 -0.12 3.061' 
Average time spent on: 

Working in small groups 1.66 -0.94 1.07 
Working with objects -0.23 -0.03 2.71t 
Doing problems on worksheets -1.18 -0.66 0.90 
Doing problems from textbook -0.48 -1.32 -1.23 
Taking math tests -0.11 -0.27 -1.63 
Using computer -1.17 1.10 •3.21• 
Using calculator 0.75 0.79 0.19 
Writing math proofs -0.77 
Formulating own math problems 1.95 

OTHER HLM STATISTICS 

Reliability .18 .18 .14 
Parameter variance 38.97 28.96 22.33 
Proportion of parameter variance explained .03 .00 .37 

1All between•school independent variables have been standardized. See chapter two for more information. 

NOTE: ••probability S .01: •probability S .05; tprobability S .10. This table shows only the gender parameter 
equation of the estimated HLM model. For the complete HLM model, see the corresponding tables in Appendix A. 

SOURCE: U.S. Department of Education. National Center for Education Statistics. National Assessment c• 
Educational Progress. 1990 NAEP: Math Assessment of 4th Grade. 8th Grade. and 12th Grade Students. 
Restricted-Use Data Base. 



None of the variables in the three school climate models were significantly associated 
with the gender gap in grade 12. However, variables in each school climate model were 
almost significant in predicting the math or geometry gender gap in grade 12. In addition, 
in two models, controlling for school climate factors explained some parameter variance in 
the gender gap in geometry in grades 8 and 12. 

The following associations were almost significant. In the simple school climate 
model, schools in which more students enjoyed and felt competent in math tended to have a 
larger gender gap in 12th grade geometry (table 4.12). However, this was not a robust 
association, since it disappeared when behavior and safety or academic expectations were 
added to the model. In the behavior and safety school climate model, schools in which 
more students experienced disruptions in classes by other students tended to have a smaller 
gap in math achievement between females and males (table 4.13). In the academic 
expectations school climate model, schools in which a higher percentage of the 12th grade 
was in an academic/college prep track tended to have a larger gender gap in math 
achievement (table 4.15). 

These models explained very little parameter variance in the math gender gap in all 
grades or in the geometry gap in grade 4. However, despite the lack of significant 
variables, both the behavior and safety model and the academic expectations model 
explained some part of the parameter variance in the gender gap in geometry in grades 8 
and 12. In grade 8, the academic expectations model explained 13 percent of the parameter 
variance in the geometry gender gap, while in grade 12, the behavior and safety model 
explained 23 percent of the geometry gender gap. 

Table 4.11.—Student climate (math attitudes) predictors of student-level parameters of 
math achievement, grades 4, 8, and 12 

WITHIN-SCHOOL PARAMETERS Grade 4 Grade 8 Grade 12 
Between-school predictors' 

GENDER BETA COEFFICIENT 
Intercept -1.40t -0.60 -2.64" 
Percent African-American -0.13 -1.30 -0.09 
Percent Hispanic 0.05 -1.18 -0.58 
Average SES 1.11 -1.52 0.54 
Students feel math is useful 1.31 0.12 0.80 
Students enjoy and feel competent in math 0.56 -1.02 -1.07 
Students disagree that math is more for boys -0.67 0.28 -0.71 

OTHER HLM STATISTICS 

Reliability .15 .22 .18 
Parameter variance 22.88* 24.36' 24.701 
Proportion of parameter variance explained .01 .00 .00 

I All between-school independent variables have been standardized. See chapter two for more information. 

NOTE: "probability 5 .01; 'probability 5 .05; tprobability 5 .10. This table shows only the gender parameter 
equation of the estimated HLM model. For the complete HLM model, see the corresponding tables in Appendix A. 

SOURCE: U.S. Department of Education, National Center for Education Statistics, National Assessment of 
Educational Progress. 1990 NAEP. Math Assessment of 4th Grade. 8th Grade, and 12th Grade Students. 
Restricted-Use Data Base. 



Table 4.12.—Student climate (math attitudes) predictors of student-level parameters of 
geometry achievement, grades 4, 8, and 12 

WITHIN-SCHOOL PARAMETERS Grade 4 Grade 8 Grade 12 
Between-school predictor:I 

GENDER BETA COEFFICIENT 
Intercept -0.03 -1.18 -6.63• 
Percent African-American -0.14 -1.19 0.81 
Percent Hispanic 0.00 -0.72 -0.84 
Average SES 1.22 -0.13 1.89 
Students feel math is useful 1.08 0.43 1.99 
Students enjoy and feel competent in math 0.52 -0.62 -2.65t 
Students disagree that math is more for boys -0.33 0.57 -0.84 

OTHER HLM STATISTICS 

Reliability .18 .18 .19 
Parameter variance 38.14 29.19 34.05 
Proportion of parameter variance explained .05 .00 .04 

1A11 between-school independent variables have been standardized. See chapter two for more information. 

NOTE: "probability S .01; •probability 5 .05; tprobsbility S .10. This table shows only the gender parameter 
equation of the estimated HLM model. For the complete HLM model. see the corresponding tables in Appendix A. 

SOURCE: U.S. Department of Education. National Center for Education Statistics. National Assessment of 
Educational Progress. 1990 NAEP: Math Assessment of 4th Grade, 8th Grade, and 12th Grade Students. 
Restricted-Use Data Base. 



Table 4.13.-Student climate (math attitudes and student behavior and safety) predictors of 
student-level parameters of math achievement, grades 4, 8, and 12 

WITHIN-SCHOOL PARAMETERS Grade 4 Grade 8 Grade 12 
Between-school predictors) 

GENDER BETA COEFFICIENT 
Intercept -1.50 -0.70 -2.69•• 
Percent African-American -0.19 -1.33 -0.24 
Percent Hispanic 0.14 -1.00 -0.21 
Average SES 1.24 -1.39 0.55 
Students feel math is useful 1.14 -0.16 0.77 
Students enjoy and feel competent in math 0.72 -0.75 -1.06 
Students disagree that math is more for boys -0.73 0.27 -0.60 
Index of problems in the school 0.67 
Percent students enrolled all year 1.45 
Absenteeism in grade -0.12 -1.78 
Students feel classes often disrupted 1.20 2.19t 
Students feel unsafe at school -0.44 -0.88 

OTHER HLM STATISTICS 

Reliability .15 .21 .19 
Parameter variance 22.44• 22.53• 25.84t 
Proportion of parameter variance explained .03 .00 .00 

I All between-school independent variables have been standardized. See chapter two for more information. 

NOTE: ••probability S .01; •probability S .05; tprobability S .10. This table shows only the gender parameter 
equation of the estimated HLM model. For the complete HLM model. see the corresponding tables in Appendix A. 

SOURCE: U.S. Department of Education. National Center for Education Statistics. National Assessment of 
Educational Progress. 1990 NAEP: Math Assessment of 4th Grade, 13th Grade. and 12th Grade Students. 
Restricted-Use Data Base. 



Table 14.-Student climate (math attitudes and student behavior and safety) predictors of 
student-level parameters of geometry achievement, grades 4, 8, and 12 

WITHIN-SCHOOL PARAMETERS Grade 4 Grade 8 Grade 12 
Between-school predictors' 

GENDER BETA COEFFICIENT 
Intercept 0.10 -1.30 6.80'1' 
Percent African-American 0.14 -1.34 0.30 
Percent Hispanic 0.13 -0.77 -0.65 
Average SES 1.15 0.01 2.04 
Students feel math is useful 1.10 0.45 1.82 
Students enjoy and feel competent in math 0.69 -0.45 -2.60 
Students disagree that math is more for boys -0.35 0.74 -0.73 
Index of problems in the school -0.23 
Percent students enrolled all year 0.87 
Absenteeism in grade 0.51 -1.96 
Students feel classes often disrupted 0.40 1.65 
Students feel unsafe at school 0.29 0.28 

OTHER HLM STATISTICS 

Reliability .17 .16 .16 
Par?meter variance 37.07 25.21 27.56 
Proportion of parameter variance explained .07 .05 .23 

I All between-school independent variables have been standardized. See chapter two for more information. 

NOTE: "probability S .01; 'probability S .05; *probability S .10. This table shows only the gender parameter 
equation of the estimated HLM model. For the complete HLM model. see the corresponding tables in Appendix A. 

SOURCE: U.S. Department of Education. National Center for Education Statistics. National Assessment of 
Educational Progress. 1990 NAEP: Math Assessment of 4th Grade. 8th Grade, and 12th Grade Students. 
Restricted-Use Data Base. 



Table 4.15.-School climate (math attitudes and academic expectations) predictors of 
student-level parameters of math achievement, grades 4, 8, and 12 

WITIGN-SCHOOL PARAMETERS Grade 4 Grade 8 Grade 12 
Between-school predictors' 

GENDER BETA COEFFICIENT 
Intercept -1.42 -0.47 -2.48' 
Percent African-American -0.50 -1.45 0.84 
Percent Hispanic -0.02 -0.95 -0.32 
Average SES 1.33 -0.78 0.58 
Students feel math is useful 1.32 -0.18 0.56 
Students enjoy and feel competent in math 0.69 -0.90 -0.98 
Students disagree that math is more for boys -0.64 0.12 -0.68 
Amount of instruction in math 0.66 
Math identified as a special priority -1.02 
Percent of 8th grade students taking algebra -1.30 
Percent of students on academic/college prep -2.42t 
Mean years 12th graders have taken calculus -1.43 
Mean composite math score of grade sample -0.83 -0.40 2.90 

OTHER HLM STATISTICS 

Reliability .15 .20 .22 
Parameter variance 22.03' 21.29' 30.15' 
Proportion of parameter variance explained .04 .05 .00 

I All between-school independent variables have been standardized. See chapter two for more information. 

NOTE: "probability S .01; 'probability S .05; tprobability 5 .10. This table shows only the gender parameter 
equation of the estimated HLM model. For the complete HLM model, see the corresponding tables in Appendix A. 

SOURCE: U.S. Department of Education. National Center for Education Statistics. National Assessment of 
Educational Progress. 1990 NAEP: Math Assessment of 4th Grade. 8th Grade, and 12th Grade Students. 
Restricted-Use Data Base. 



Table 4.16.-School climate (math attitudes and academic expectations) predictors of
student-level parameters of geometry achievement, grades 4, 8, and 12 

WITHIN-SCHOOL PARAMETERS Grade 4 Grade 8 Grade 12 
Between-school predictors) 

GENDER BETA COEFFICIENT 
Intercept -0.07 -1.01 -634•• 
Percent African-American -0.60 -2.19 1.52 
Percent Hispanic -0.01 -0.81 -0.81 
Avenge SES 1.59 1.27 1.26 
Students feel math is useful 1.28 0.14 2.08 
Students enjoy and feel competent in math 0.56 -0.31 -2.89 
Students disagree that math is more for boys -0.10 0.69 -0.86 
Amount of instruction in math -0.07 
Math identified as a special priority -1.13 
Percent of 8th grade students taking algebra -0.43 
Percent of students on academic/college prep -0.58 
Mean years 12th graders have taken calculus       -0.98 
Mean composite math score of grade sample -0.83 -2.44 2.05 

OTHER HLM STATISTICS 

Reliability .18 .15 .21 
Parameter variance 37.64 23.11  38.031 
Proportion of parameter variance explained .06 .13 .00 

I All between-school independent variables have been standardized. See chapter two for more information. 

NOTE: ••probability 5 .01; •probability 5 .05: )probability 5 .10. This table shows only the gender parameter 
equation of the estimated HLM model. For the complete HLM model, see the corresponding tables in Appendix A. 

SOURCE: U.S. Department of Education, National Center for Education Statistics. National Assessment of 
Educational Progress. 1990 NAEP: Math Assessment of 4th Grade. 8th Grade, and 12th Grade Students. 
Restricted-Use Data Base. 



C. Summary 

Significant predictors of the gender gap 

As summarized in Table 4.17, in most grades and models there were no variables that 
predicted the variation in the gender gap in math or geometry. This is not surprising given 
that there was no variance around the gender gap in 12th grade math or in geometry in any 
grade. However, even where there was parameter variance, as in grades 4 and 8 math, 
none of the variables in these models explained it. This may be due to fact that the 
parameter variance in the math gender gap was such a low proportion (15 to 21 percent) of 
the total variance in these grades. However, there is still a possibility that other variables, 
or these variables measured in more reliable ways, could contribute some explanatory 
power. Although the 12th grade gender gap had little significant variation between schools 
in math or geometry, one variable—the amount of time spend using computers in math 
class—predicted a larger gender gap in geometry. 

Proportion of parameter variance explained and reliability 

Tables 4.18 and 4.19 show the proportion of variance exi lained in the gender gap in 
math and geometry by the six models. In grades 4 and 8, very little parameter variance was 
explained. The proportions ranged from 0 to .13. In grade 12, most models also explained 
none of the parameter variance. However, in the instructional methods model, the 
parameter variance was not quite significant for 12th grade geometry but the model still 
explained 37 percent of the variation that was there (table 4.19). In 12th grade math, the 
parameter variance was significant, and while none of the variables were significant, the 
model also explained 37 percent of this variation (table 4.18). Thus, the variables in this 
model, perhaps as a group, have some relationship to the gender gap in 12th grade math 
and geometry, but without significant variables, it is not possible to tell what that 
relationship is in math. 

As mentioned above, the reliability remained low (15 to 21 percent) in all of the 
models, and may have contributed to the low amount of parameter variance and proportion 
of parameter variance explained in most models. 



Table 4.17.—Summary of significant school-level variables predicting the gender gap in 
math and geometry achievement, by HLM model 

HLM MODEL 
Between-school predictors' 

	Grade 4 	Grade 8 Grade 12 

Significant predictors. of the gender gap in math 

AVERAGE GENDER GAP IN MATH .1.5t -0.6 -2.5" 

SCHOOL RESOURCES MODEL (from detailed model in grade 4) 
i.gtSchool size (number of students) 

Computers per student 1.6t 
-2.0t 

CLASSROOM INSTRUCTIONAL METHODS MODEL 
Average time in math class spent on: 

	Doing problems on worksheets -1.7t 
	Taking math tests -2.9t 

SCHOOL CLIMATE (MATH ATTITUDES AND BEHAVIOR AND SAFETY) MODEL 
Students feel classes often disrupted 

SCHOOL CLIMATE (MATH ATTITUDES AND ACADEMIC EXPECTATIONS) MODEL 
	Percent of students on academic/college prep track -2.4t 

Significant predictors of the gender gap 'in geometry 

	AVERAGE GENDER GAP IN GEOMETRY 	-0.1 	-1.2 -6.5" 

CLASSROOM INSTRUCTIONAL METHODS MODEL 
Average SES 
Average time in math class spent on: 

Working with objects 
Using computer 

3. 1 t

2.7t 
-3.2° 

SCHOOL CLIMATE (MATH ATTITUDES) MODEL 
Students enjoy and feel competent in math -2.7t 

IA11 between-school independent variables have been standardized. See chapter two for more information. 

NOTE: "probability 5 .01; 'probability 5 .05; tprobability 5 .10. This table shows only the significant results 
from the gender parameter equations of the estimated HLM models. For the complete gender equations, see tables 
4.4 to 4.16. For the complete HLM models, see the corresponding tables in Appendix A. 

SOURCE: U.S. Department of Education. National Center for Education Statistics. National Assessment of 
Educational Progress. 1990 NAEP: Math Assessment of 4th Grade. 8th Grade. and 12th Grade Students. 
Restricted-Use Data Base. 



Table 4.18.-Proportion of parameter variance explained by each HLM model for math 
achievement, grades 4, 8, and 12 

HLM Models 

School Climate Models
Student Classroom 	Behavior Academic 
	Body School Instructional Math 	& Safety Expectations 

Parameter Characteristics Resources Methods Attitudes & Attitudes & Attitudes 

Grade 4 Mathematics 
GENDER COEFFICIENT 0.03 0.03 0.00 0.01 0.03 0.04 

Grade 8 Mathematics 
GENDER COEFFICIENT 0.02 0.00 0.00 0.00 000 0.05 

Grade 12 Mathematics 
GENDER COEFFICIENT 0.00 0.01 0.37 0.00 0.00 0.00 

NOTE: These proportions are calculated from average Tau values (averaged across the five plausible values). 
Negative proportions due to sampling variation have been set to 0. 

SOURCE: U.S. Department of Education. National Center for Education Statistics. National Assessment of 
Educational Progress. 1990 NAEP: Math Assessment of 4th Grade. 8th Grade, and 12th Grade Students. Restricted-
Use Data Base. 

Table 4.19.-Proportion of parameter variance explained by each HLM model for 
geometry achievement, grades 4, 8, and 12 

HLM Models 

Parameter 

Student 
	Body School 

Characteristics Resources 

Classroom 
Instructional 

Methods 

Scho

	Math 
	Attitudes 

ol Climate Models 
	Behavior Academic 
	& Safety Expectations 

& Attitudes & Attitudes 

Grade 4 Geometry 
GENDER COEFFICIENT 0.07 0.01 0.03 0.05 0.07 0.06 

Grade 8 Geometry 
GENDER COEFFICIENT 0.00 0.00 0.00 0.00 0.05 0.13 

Grade 12 Geometry 
GENDER COEFFICIENT 0.00 0.06 0.37 0.04 0.23 0.00 

NOTE: These proportions are calculated from average Tau values (averaged across the five plausible values). 
Negative proportions due to sampling variation have been set to 0. 

SOURCE: U.S. Department of Education. National Center for Education Statistics. National Assessment of 
Educational Progress. 1990 NAEP: Math Assessment of 4th Grade. 8th Grade, and 12th Grade Students. Restricted-
Use Data Base. 



Chapter V 

School Correlates of Race-Ethnicity Differences 
in Mathematics Achievement 

Overview 

This chapter presents the school-level equations that predict the "race-ethnicity gap," 
or the overall race-ethnicity differences in achievement within schools. The average race-
ethnicity gap is expressed in the unconditional equation 2.4,.and the models estimated to 
predict the race-ethnicity gap between schools are expressed in the conditional equation 2.8 
(table 5.1). The race-ethnicity equation in the between-school HLM models (equation 2.8) 
tests the association of various school characteristics with the mathematics and geometry 
achievement gaps within schools between African-American, Hispanic, and Native 
American students and white and Asian-American students (table 5.1). This chapter 
presents the average race-ethnicity gap in mathematics and geometry within schools (tables 
5.2 and 5.3) and the results of the six models estimated to predict the race-ethnicity gap in 
mathematics and geometry (tables 5.4 to 5.16). 

Table 5.1.—Equations related to race-ethnicity beta coefficient, or the race-ethnicity gap 

Within-school student level equation 

	
Yij = P0) + a t jX iii + 132,x20 + 03.,x3,+ rij (2.1) 

Between-school school-level equations 

Unconditional race-ethnicity equation: 

Ozi = 72o u2) 	 (2.4) 

Conditional race-ethnicity equation: 

132j = 720 + "Y21 W21j + 722W22j + + 72mW2mj + u2j 	 (2.8) 

NOTE: For explanation of terms in equation, see chapter two. 



A. Within-school models 

Overall race-ethnicity differences within schools 

Tables 5.2 and 5.3 show the results of the unconditional models for math and 
geometry, respectively. These models provide the average race-ethnicity differences within 
schools (equation 2.4) for math and geometry. Although this chapter focuses only on the 
gender parameter, all the parameters in the models are shown because they function as 
control variables. 

Unlike the gender gap, which barely exists in earlier grades until a gap appears in 
grade 12, a wide gap exists between African-American, His anic, and Native American i
students and white and Asian-American students in every 	a e in both math and geometry 
(tables 5.2 and 5.3). On average, African-American, Kspanic, and Native American 
students averaged about 14 achievement points below white and Asian-American students 
in each grade in both math and geometry, controlling for gender, SES, taking algebra in 
grade 8, and semesters of calculus and geometry, respectively, in grade 12. This difference 
ranged from about 12.5 achievement points in grade 4 geometry to 15.5 achievement points 
in grade 8 math, but in all other grades the differences were about 14 points. 

Tables 5.2 and 5.3 also include the reliability and the original parameter variance 
around the race-ethnicity gap in this unconditional model. In grade 4, the reliability was 
only 7 percent in both math and geometry, so very little variance around the race-ethnicity 
gap had the potential to be explained. The reliability on race-ethnicity gap in grades 8 and 
12 varied between 17 and 26 percent, so less than one quarter or one fifth of the variance 
around the race-ethnicity gap in these grades was parameter variance and had the potential 
to be explained. 

There was little parameter variance among schools in the race-ethnicity gap in grade 4 
math and geometry, although it was almost significantly different from zero. Therefore, the 
gap of 13 to 15 achievement points between African-American, Hispanic, and Native 
American students and white and Asian-American students was present in most schools, 
and a model predicting which types of schools had a larger or smaller race-ethnicity gap 
might not find enough variation in the gap to make those predictions, especially since the 
reliability was so low. However, there was wide variation in the size of this gap in grades 8 
and 12 math and geometry, as indicated by very significant parameter variances (tables 5.2 
and 5.3). Although the parameter variance in grades 8 and 12 was less than one quarter of 
the total variance, it would be expected that some variables could be found to explain some 
of that parameter variance. 

As with the gender gap, even though there was little variation in the grade 4 race-
ethnicity gap, the model predicting this gap was estimated in order to be consistent with the 
other grades and to illustrate how student-level equations behave when they predict 
coefficients with little variation. The variation in all grades was modeled by school-level 
equations that predicted which types of schools had larger or smaller gaps between African-
American, Hispanic, and Native American students and white and Asian-American 
students. 



Table 5.2.-Average within-school predictors of math achievement, grades 4, 8, and 12 

WITHIN-SCHOOL PARAMETERS Grade 4 Grade 8 Grade 12 
(Unit of parameter) 

	INTERCEPT (Average Achievement) 211.35•• 260.28•• 291.98•• 
	GENDER (1=Fernale) -1.46t -0.63 -2.53•• 
	RACE-ETHNICITY (1=Afr. Am/Hisp./Nat. Am) -14.74•' -15.48•• -14.13•• 

	SES (0=Mean) 6.20• 10.65•• 12.36•• 
	TAKING ALGEBRA (1=If currently taking algebra) 31.66•• 

YRS OF CALCULUS (l=one year) 17.58•• 

OTHER HLM STATISTICS FOR RACE-ETHNICITY PARAMETER ONLY 

Reliability .07 .19 .26 
Parameter variance 21.41t 44.92•' 72.88'• 

NOTE: ••probability 5 .01; •probability 5 .05; tprobability 5 .10. 

SOURCE: U.S. Department of Education. National Center for Education Statistics. National Assessment of 
Educational Progress. 1990 NAEP: Math Assessment of 4th Grade. 8th Grade, and 12th Grade Students. 
Restricted-Use Data Base. 

Table 5.3.-Average within-school predictors of geometry achievement, grades 4, 8. and 12 

	WITHIN-SCHOOL PARAMETERS Grade 4 Grade 8 Grade 12 
(Unit of parameter) 

	INTERCEPT 	(Average Achievement) 2213.13•• 258.04•• 292.08•• 
	GENDER 	(1=Female) -0.14 -1.23 -6.47•• 
	RACE-ETHNICITY (135Afr. Am/Hisp./Nat. Am.) -12.48•• -14.00•• -14.30•' 

	SES 	(0=Mean) 4.53•• 8.93•• 7.49•• 
	TAKING ALGEBRA (1=If currently taking algebra) 27.84•• 

YRS OF GEOMETRY (1220ne year) 23.58•• 

OTHER HLM STATISTICS FOR RACE-ETHNICITY PARAMETER ONLY 

	Reliability .07 .17 .25 
	Parameter variance  23.661 55.30• 90.50•• 

NOTE: ••probability 5 .01; •probability 5 .05; tprobability 5 .10. 

SOURCE: U.S. Department of Education. National Center for Education Statistics. National Assessment of 
Educational Progress. 1990 NAEP: Math Assessment of 4th Grade, 8th Grade, and 12th Grade Students. 
Restricted-Use Data Base. 



B. Between-school models 

Predictors of race-ethnicity differences within schools 

Overview 

Tables 5.4 to 5.16 show the HLM results for the six models (based on equation 2.8) 
used to predict the race-ethnicity gap in math and geometry fi3 This section highlights the 
school-level variables in each model that were found to be significantly related to the race-
ethnicity gap. Tables 5.17 and 5.18 summarize the school-level variables that were 
significantly associated with the race-ethnicity gap in math and geometry achievement and 
show the number of achievement points in the gap associated with a change in each variable 
by one standard deviation. Tables 5.19 and 5.20 display the proportion of parameter 
variance explained for the math and geometry race-ethnicity gap by each model. 

Specific Models 

The race-ethnicity gap equations yielded variables from the school resources model, 
the classroom instructional methods model, and one of the school climate models that were 
significantly associated with the race-ethnicity gap (tables 5.4 to 5.16). However, even 
models with no significant variables sometimes contributed to explaining the parameter 
variance, even if there was very little parameter variance. 

None of the student body characteristics variables significantly predicted variance in 
either the math or geometry race-ethnicity gap, and consequently for most grades this 
model explained little of the parameter variance. However, despite a lack of significant 
predictors and even a lack of parameter variance in grade 4 math, this model explained 20 
percent of the variance in the race-ethnicity gap in 4th grade math and 25 percent of the 
variance in the race-ethnicity gap in 8th grade math. After explaining this much of the 
variance, there was still a non-significant amount of variance to explain in grade 4 math, 
and a significant amount of variance to explain in grade 8 math. In addition, there remained 
a non-significant amount of variance to explain in grade 4 geometry, and a significant 
amount of variance to explain in grade 8 geometry and grade 12 math and geometry. 

As explained in chapter four, the student body characteristics variables were included 
in subsequent models despite a lack of significant predictors in all grades and a lack of 
parameter variance in some grades. These variables were included in the models in all 
grades to ensure that the theoretical models were consistent, and that the treatment of 
centered variables was accurate. 

63Th average achievement. gender, and race-ethnicity parameters were random and modeled, while the SES 
and course-taking parameters were fixed and not modeled. Although all of these parameters were included in 
the full HLM model, only the equation 2.h. which modeled the race-ethnicity parameter is shown in this 
chapter. For the full model. see the corresponding HLM tables in Appendix A. 



Table 5.4.-Student body characteristics predictors of student-level parameters of math 
achievement, grades 4, 8. and 12 

WITHIN-SCHOOL PARAMETERS Grade 4 Grade 8 Grade 12 
Between-school predictors' 

RACE-ETHNICITY BETA COEFFICIENT 
Intercept •14.76•• -16.32•• -14.04•• 
Percent African-American -0.10 0.13 -0.97 
Percent Hispanic 0.53 1.78 0.35 
Average SES 0.79 -1.67 -0.08 

OTHER HLM STATISTICS 

Reliability .06 .17 .26 
Parameter variance 15.97t 35.96•' 74.72•• 
Proportion of parameter variance explained .25 .20 .00 

I All between-school independent variables have been standardized. See chapter two for more information. 

NOTE: ••probability 5 .01; •probability 5 .05; tprobability 5 .10. This table shows only the race-ethnicity 
parameter equation of the estimated HLM model. For the complete HLM model, see the corresponding tables in 
Appendix A. 

SOURCE: U.S. Department of Education. National Center for Education Statistics. National Assessment of 
Educational Progress. 1990 NAEP: Math Assessment of 4th Grade, 8th Grade, and 12th Grade Students. 
Restricted-Use Data Base. 

Table 5.5-Student body characteristics predictors of student-level parameters of geometry 
achievement, grades 4. 8, and 12 

WITHIN-SCHOOL PARAMETERS Grade 4 Grade 8 Grade 12 
Between-school predictors' 

RACE-ETHNICITY BETA COEFFICIENT 
Intercept -12.84" -14.54" -14.15" 
Percent African-American -0.53 -1.30 -2.00 
Percent Hispanic 0.57 1.58 0.54 
Average SES 0.56 -2.07 -2.80 

OTHER HLM STATISTICS 

Reliability .12 .16 .23 
Parameter variance  42.991 51.58t 88.02" 
Proportion of parameter variance explained .00 .07 .03 

I All between-school independent variables have been standardized. See chapter two for more information. 

NOTE: "probability 5 .01; •probability 5 .05; tprobability 5 .10. This table shows only the race-ethnicity 
parameter equation of the estimated HLM model. For the complete HLM model. see the corresponding tables in 
Appendix A. 

SOURCE. U.S. Department of Education. National Center for Education Statistics. National Assessment of 
Educational Progress. 1990 NAEP: Math Assessment of 4th Grade. 8th Grade, and 12th Grade Students. 
Restricted-Use Data Base. 



In the school resources model, several variables were associated with the race-
ethnicity gap in grade 12 math, but none were associated with the race-ethnicity gap in math 
in grades 4 or 8 or in geometry in any grades (tables 5.6 to 5.8). Consequently, in grades 4 
and 8, this model explained little parameter variance in the race-ethnicity dap in either math 
or geometry. However, in grade 12 math, reflecting the presence of significant predictors, 
this model explained 30 percent of the variance (table 5.6). And in grade 12 geometry, 
despite no significant predictors, this model explained 18 percent of the variance (table 
5.7). 

In grade 12 math, a higher student/teacher ratio and more instructional funds per 
student in a district were associated with a smaller gap between African 
Americans/Hispanics/Native Americans and whites/Asian-Americans (table 5.6). The gap 
of about 14 points between African-American. Hispanic, and Native American students and 
white and Asian-American students in 12th grade math achievement was smaller by about 5 
points for every standard deviation above the average student/teacher ratio, and the gap was 
smaller by about 4 points for every standard deviation above the average level of funds per 
student in the district (table 5.6). One other variable was almost significant in this model for 
grade 12 math—a larger school size in number of students was almost significantly 
associated with a larger race-ethnicity gap in math (table 5.6). 

Table 5.6.—School resources predictors of student-level parameters of math achievement, 
grades 4, 8, and 12 

WITHIN-SCHOOL PARAMETERS Grade 4 Grade 8 Grade 12 
Between-school predictors' 

RACE-ETHNICITY BETA COEFFICIENT 
Intercept -14.69" -16.26" -14.06•• 
Percent African-American 0.45 0.27 -0.50 
Percent Hispanic 0.63 1.61 -0.18 
Average SES 0.99 -1.70 0.30 
School size (number of students) -0.61 -0.56  -3.181 
Student/teacher ratio 0.96 0.81 4.57• 
District instructional funds/student -1.34 0.73 4.17* 

OTHER HLM STATISTICS 

Reliability .08 .17 .19 
Parameter variance 21.82• 39.18" 50.67•* 
Proportion of parameter variance explained .00 .13 .30 

I All between-school independent variables have been standardized. See chapter two for more information. 

NOTE: "probability S .01: •probability 5 .05; *probability 5 .10. This table shows only the race-ethnicity 
parameter equation of the estimated HLM model. For the complete HLM model. see the corresponding tables in 
Appendix A. 

SOURCE: U.S. Department of Education. National Center for Education Statistics. National Assessment of 
Educational Progress. 1990 NAEP: Math Assessment of 4th Grade. 8th Grade. and 12th Grade Students. 
Restricted-Use Data Base. 



Table 5.7.—School resources predictors of student-level parameters of geometry 
achievement, grades 4, 8, and 12 

WITHIN-SCHOOL PARAMETERS Grade 4 Grade 8 Grade 12 
 Between-school predictors) 

RACE•ETHNICITY BETA COEFFICIENT 
Intercept -12.97•• -14.26** -13.63•• 
Percent African-American 0.01 -1.09 -1.59 
Percent Hispanic 0.43 1.48 0.43 
Average SES 0.92 -2.06 -2.56 
School size (number of students) 0.02 -1.03 -3.07 
Student/teacher ratio 1.31 0.11 3.03 
District instructional funds/student -2.05 1.33 3.11 

OTHER HLM STATISTICS 

Reliability .13 .15 .21 
Parameter variance 46.09* 50.16* 74.51se 
Proportion of parameter variance explained .00 .09 .18 

I All between-school independent variables have been standardized. See chapter two for more information. 

NOTE: ••probability S .01; •probability 5 .05; *probability 5 .10. This table shows only the race-ethnicity 
parameter equation of the estimated HLM model, For the complete HLM model. see the corresponding tables in 
Appendix A. 

SOURCE: U.S Department of Education. National Center for Education Statistics. National Assessment of 
Educational Progress. 1990 NAEP. Math Assessment of 4th Grade. 8th Grade. and 12th Grade Students. 
Restricted-Use Data Base. 



Table 5.8.—Detailed school resources predictors of student-level parameters of grade 4 math 
and geometry achievement 

WITHIN-SCHOOL PARAMETERS Math Geometry 
Between-school predictors' Grade 4 GrEIC 4 

RACE-ETHNICITY BETA COEFFICIENT 
Intercept -14.75•• -12.58•• 
Percent African-American 0.18 -0.44 
Percent Hispanic 0.66 0.56 
Average SES 1.25 1.35 
School size (number of students) -0.02 0.38 
Student/teacher ratio 1.28 1.62 
District instructional funds/student -1.07 -1.71 
Computers per student 1.53 1.22 
Percent use computers as part of math instruction -1.52 -2.58 

OTHER HLM STATISTICS 

Reliability .06 .12 
Parameter variance  16.061 42.32 
Proportion of parameter variance explained .25 .00 

I All between-school independent variables have been standardized. See chapter two for more information. 

NOTE: ••probability 5 .01; •probability 5 .05; tprobability 5 .10. This table shows only the race-ethnicity 
parameter equation of the estimated HLM model. For the complete HLM model, see the corresponding tables in 
Appendix A. 

SOURCE: U.S. Department of Education. National Center for Education Statistics. National Assessment of 
Educational Progress. 1990 NAEP: Math Assessment of 4th Grade. 8th Grade, and 12th Grade Students. 
Restricted-Use Data Base. 



Several variables in the classroom instructional methods model in grades 4. 8. and 12 
were associated with the race-ethnicity gap in math and geometry achievement. In grade 4, 
schools in which 4th graders spent a higher than average time on worksheets in math class 
had a lower race-ethnicity gap in math and geometry achievement than other schools (tables 
5.9 and 5.10). For every stantiard deviation above the average time on worksheets in grade 
4 math classes, the average race-ethnicity gap of about 15 points in math achievement was 
reduced by an average of about 3 points, and the race-ethnicity gap of about 13 points in 
geometry achievement was reduced by an average of about 3 points. 

In grade 8, schools in which 8th graders spent a higher than average time working 
with objects (rulers, blocks, and solids) in math class had a smaller race-ethnicity gap in 

math achievement than other schools (table 5.9). This variable reduced an average gap of 
15.5 points between African-American. Hispanic, and Native American students and 
white/Asian-American students in math achievement by about 3 points. In geometry, this 
same variable was almost significant by a similar amount. 

In grade 12, no instructional methods were significantly related to the race-ethnicity 
gap in either math or geometry. However, in geometry, there was one association that was 
almost significant. Schools in which 12th graders spent more than the average time in math 
class taking math tests averaged a larger race-ethnicity gap in geometry achievement (table 
5.10). 

The proportion of parameter variance explained by this model in some ways reflected 
the grades that had significant predictors, but in some ways did not. For grades 4 and 8 
math, where there was one significant predictor each, this model explained about one third 
of the variance (table 5.9). However, in grade 4 geometry, which also had a significant 
predictor, no variance was explained by this model (table 5.10). In grade 8 geometry, 
where one predictor was almost significant, 15 percent of the variance was explained, but 
in grade 12 geometry, where one predictor was almost significant, only 4 percent of the 
variance was explained (table 5.10). These differences in the proportion of variance 
explained did not reflect differences in the reliability in these grades. 



Table 5.9.-Classroom instructional methods predictors of student-level parameters of math 
achievement, grades 4, 8, and 12 

WITHIN-SCHOOL PARAMETERS Grade 4 Grade 8 Grade 12 
Between-school predictors' 

RACE-ETHNICITY BETA COEFFICIENT 
Intercept -14.69** -16.00** -14.88** 
Percent African-American 0.56 1.19 0.23 
Percent Hispanic 1.26 1.49 0.78 
Average SES 0.84 -1.81 2.94 
Avenge time spent on: 

Working in small groups 0.47 2.53 0.58 
Working with objects -0.86 3.16* 1.04 
Doing problems on worksheets 2.63* -0.15 2.05 
Doing problems from textbook 1.00 -1.37 -4.36 
Taking math tests -0.52 -1.10 -2.65 
Using computer -0.97 -0.74 -3.77 
Using calculator -0.54 -1.27 -2.41 
Writing math proofs -0.20 
Formulating own math problems 1.53 

OTHER HLM STATISTICS 

Reliability .06 .15 .26 
Parameter variance 14.37t 34.12** 75.43** 
Proportion of parameter variance explained .33 .30 .00 

'All between-school independent variables have been standardized. See chapter two for more information. 

NOTE: "probability 5 .01; 'probability 5 .05; tprobability 5 .10. This table shows only the race-ethnicity 
parameter equation of the estimated HLM model. For the complete HLM model. see the corresponding tables in 
Appendix A. 

SOURCE: U S. Department of Education. National Center for Education Statistics. National Assessment of 
Educational Progress. 1990 NAEP: Math Assessment of 4th Grade. 8th Grade, and 12th Grade Students. 
Restricted-Use Data Base. 



Table 5.10.-Classroom instructional methods predictors of student-level parameters of 
geometry achievement, grades 4, 8, and 12 

WITHIN-SCHOOL PARAMETERS Grade 4 Grade 8 Grade 12 
 Between-school predictors) 

RACE-ETHNICITY BETA COEFFICIENT 
Intercept -12.60•• -14.01•• -13.99•' 
Percent African-American 0.11 0.12 0.64 
Percent Hispanic 1.42 1.29 0.83 
Average SES 0.88 -2.09 -1.29 
Average time spent on: 

Working in small groups -0.30 2.36 -0.52 
Working with objects -0.64 3.24t -0.15 
Doing problems on worksheets 3.03• -0.93 3.17 
Doing problems from textbook 0.67 -0.84 -2.06 
Taking math tests -0.21 -1.54 -6.71t 
Using computer -1.57 -0.01 0.95 
Using calculator -2.13 -1.43 -0.16 
Writing math proofs 0.93 
Formulating own math problems -0.05 

OTHER HLM STATISTICS 

Reliability .11 .15 .24 
Parameter variance 40.14 46.93 86.97•* 
Proportion of parameter variance explained .00 .15 .04 

All between-school independent variables have been standardized. See chapter two for more infOrmation. 

NOTE: ••probability 5 .01; •probability 5 .05; tprobability 5 .10. This ►able shows only the race-ethnicity 
parameter equation of the estimated HLM model. For the complete HLM model, see the corresponding tables in 
Appendix A. 

SOURCE: U.S. Depanment of Education. National Center for Education Statistics. National Assessment of 
Educational Progress. 1990 NAEP: Math Assessment of 4th Grade. 8th Grade, and 12th Grade Students. 
Restricted-Use Data Base. 



Finally, in the school climate models, none of the school climate variables were 
significantly associated with the race-ethnicity gap. However, in grade 8 math, the 
percentage of Hispanic students in a school became significantly associated with a smaller 
race-ethnicity gap in the third school climate model (math attitudes plus academic 
expectations), after being almost significant in the first school climate model (math attitudes 
only) (tables 5.11 and 5.15). Controlling for attitudes towards math and for the percentage 
of 8th graders taking algebra, schools with one standard deviation above the average 
percentage of Hispanics averaged about a 3 point smaller race-ethnicity gap than the 
average race-ethnicity gap of 15.5 points (table 5.15). However, this variable was not 
significant in the second school climate model (math attitudes plus student safety and 
behavior). Since percentage of Hispanic students had never been a significant factor in any 
other model, its significance here casts doubt on the importance of this finding, and 
illustrates the sensitivity of the significance of coefficients to the other variables in the 
model. 

Several variables in each grade were almost significantly associated with the rage-
ethnicity gap in math and geometry achievement. For grade 4 math, in the math attitudes 
and academic expectations model, the percentage of students who felt that math is useful 
was almost associated with a wider race-ethnicity gap in math achievement (table 5.15). In 
addition, higher than average amounts of instruction in math in grade 4 were almost 
associated with smaller gaps in math and geometry achievement, respectively (tables 5.15 
and 5.16). 

For grade 8 math, in the student behavior and academic expectations models, 
associations that were almost significant were the following. The more 8th graders who 
enjoyed and felt competent in math, the smaller the race-ethnicity gap in math achievement 
(table 5.15). However, in schools where more 8th graders were taking algebra, the math 
race-ethnicity gap was larger (table 5.15). 

In grade 12, two variables were almost significant. In all three of the school climate 
models for math and in the academic expectations model for geometry, schools in which 
more 12th graders hold positive attitudes towards females and math averaged a larger race-
ethnicity gap in math and geometry (tables 5.11, 5.13, 5.15, and 5.16). In addition, in the 
student behavior and safety model, schools with higher average SES levels averaged higher 
race-ethnicity gaps in geometry (table 5.14). 

The proportion of variance explained by each school climate model bore no relation to 
the number of significant or almost-significant variables in the model or to the reliability in 
the unconditional model. The academic expectations model for grade 4 math explained the 
most variance-50 percent—although grade 4 had only 2 almost-significant variables and a 
reliability of only .04 in that model. However, half of that percent, or 25 percent of the 
variance had been explained by the student body characteristics variables. For grade 8 
math, these three models explained about 25 percent of the variance in the race-ethnicity 
gap. Although only one of the models had a significant variable, there was at least one 
almost-significant variable in each model. Still, most of that percent, or 20 percent of the 
variance had been explained by the student body characteristics variables. For grade 12, 
which had almost-significant variables in each model, these models explained none of the 
variance in the math race-ethnicity gap, explained little variance in the geometry race-
ethnicity gap with the first and third models, but explained 19 percent of the variance in the 
geometry race-ethnicity gap with the second model. 



Table 5.11.—Student climate (math attitudes) predictors of student-level parameters of 
math achievement, grades 4, 8, and 12 

WITHIN-SCHOOL PARAMETERS Grade 4 Grade 8 Grade 12 
Between-school predictors' 

RACE-ETHNICITY BETA COEFFICIENT 
Intercept -14.76• -16.27" -14.17" 
Percent African-American -0.25 0.07 -1.53 
Percent Hispanic 0.62 1.98t 0.40 
Average SES 1.39 -1.50 -0.48 
Students feel math is useful -1.70 0.32 -1.31 
Students enjoy and feel competent in math -0.87 2.81 0.00 
Students disagree that math is more for boys 0.10 1.25 -3.13t 

OTHER HLM STATISTICS 

Reliability .08 .14 .2E 
Parameter variance l9.95t 31.52• 83.95" 
Proportion of parameter variance explained .07 .24 .00 

'All between-school independent variables have been standardized. See chapter two for more information. 

NOTE: "probability 5 .01; •probability 5 .05; tprobability 5 .10. This able shows only the race-ethnicity 
parameter equation of the estimated HLM model. For the complete HLM model, see the corresponding tables in 
Appendix A. 

SOURCE: U.S. Department of Education. National Center for Education Statistics, National Assessment of 
Educational Progress. 1990 NAEP: Math Assessment of 4th Grade, 8th Grade, and 12th Grade Students. 
Restricted-Use Data Base. 



Table 5.12.—Student climate (math attitudes) predictors of student-level parameters of 
geometry achievement, grades 4, 8, and 12 

WITHIN-SCHOOL PARAMETERS Grade 4 Grade 8 Grade 12 
Between-school predictors' 

RACE-ETHNICITY BETA COEFFICIENT 
Intercept -12.81** -14.54" -14.04" 
Percent African-American -0.74 -1.45 -1.93 
Percent Hispanic 0.59 1.92 0.66 
Average SES 1.09 -1.84 -3.59 
Students feel math is useful -1.25 -0.36 -1.87 
Students enjoy and feel competent in math -0.91 4.10 -2.83 
Students disagree that math is more for boys -0.05 1.25 -3.07 

OTHER HLM STATISTICS 

Reliability .13 .14 .23 
Parameter variance 47.50  44.161 83.02" 
Proportion of parameter variance explained .00 .20 .08 

1 A11 between-school independent variables have been standardized. See chapter two for more information. 

NOTE: "probability 5 .01; •probability 5 .05; tprobability 5 .10. This table shows only the race-ethnicity 
parameter equation of the estimated HLM model. For the complete HLM model, see the corresponding tables in 
Appendix A. 

SOURCE: U.S. Department of Education. National Center for Education Statistics. National Assessment of 
Educational Progress. 1990 NAEP. Math Assessment of 4th Grade. 8th Grade, and 12th Grade Students. 
Restricted-Use Data Base. 



Table 5.13.-Student climate (math attitudes and student behavior and safety) predictors of 
student-level parameters of math achievement, grades 4, 8, and 12 

WITHIN-SCHOOL PARAMETERS Grade 4 Grade 8 Grade 12 
 Between-school predictors) 

RACE-ETHNICITY BETA COEFFICIENT 
Intercept -14.93** -16.75** -12.80** 
Percent African-American -0.20 -0.52 -0.80 
Percent Hispanic 0.68 1.71 0.37 
Average SES 1.17 -1.18 -1.11 
Students feel math is useful -1.81 0.26 -0.93 
Students enjoy and feel competent in math -0.89 3.25t -0.96 
Students disagree that math is more for boys -0.03 1.80 -3.37t 
Index of problems in the school -0.83 
Percent students enrolled all year 0.19 
Absenteeism in grade 1.40 -0.05 
Students feel classes often disrupted 0.95 -2.90 
Students feel unsafe at school 1.35 -1.56 

OTHER HLM STATISTICS 

Reliability .07 .15 .26 
Parameter variance 18.32t 33.14** 72.87•' 
Proportion of parameter variance explained .14 .26 .00 

1A11 between-school independent variables have been standardized. See chapter two for more information. 

NOTE: •'probability 5 .01; 'probability 5 .05; t probability 5 .10. This table shows only the race-ethnicity 
parameter equation of the estimated HLM model. For the complete HLM model, see the corresponding tables in 
Appendix A. 

SOURCE: U.S. Department of Education. National Center for Education Statistics. National Assessment of 
Educational Progress. 1990 NAEP: Math Assessment of 4th Grade. 8th Grade, and 12th Grade Students, 
Restricted-Use Data Base. 



Table 5.14.-Student climate (math attitudes and student behavior and safety) predictors of 
student-level parameters of geometry achievement, grades 4, 8, and 12 

WITHIN-SCHOOL PARAMETERS Grade 4 Grade 8 Grade 12 
Between-school predictors' 

RACE-ETHNICITY BETA COEFFICIENT 
Intercept -12.61** -14.96•• -12.92•• 
Percent African-American -0.47 -1.79 -1.72 
Percent Hispanic 0.64 1.64 0.88 
Average SES 0.66 -1.71 -4.45t 
Students feel math is useful -1.22 -0.18 -1.54 
Students enjoy and feel competent in math -0.83 4.33 -3.63 
Students disagree that math is more for boys -0.03 1.61 -2.98 
Index of problems in the school -1.57 
Percent students enrolled all year -0.60 
Absenteeism in grade 1.43 2.78 
Students feel classes often disrupted 0.19 -1.59 
Students feel unsafe at school 1.00 -1.45 

OTHER HLM STATISTICS 

Reliability .13 .15 .21 
Parameter variance 49.86t 49.06 73.51** 
Proportion of parameter variance explained .00 .11 .19 

I All between-school independent variables have been standardized. See chapter two for more information. 

NOTE: ••probability 5 .01; •probability 5 .05; tprobability 5 .10. This table shows only the race-ethnicity 
parameter equation of the estimated HLM model. For the complete HLM model, see the corresponding tables in 
Appendix A. 

SOURCE: U.S. Department of Education. National Center for Education Statistics. National Assessment of 
Educational Progress, 1990 NAEP. Math Assessment of 4th Grade. 8th Grade, and 12th Grade Students, 
Restricted-Use Data Base. 



Table 5.15.-School climate (math attitudes and academic expectations) predictors of 
student-level parameters of math achievement, grades 4, 8, and 12 

WITHIN-SCHOOL PARAMETERS Grade 4 Grade 8 Grade 12 
Between-school predictors' 

RACE-ETHNICITY BETA COEFFICIENT 
Intercept -15.00•• -15.77•• •13.98•• 
Percent African-American -0.60 -0.61 0.89 
Percent Hispanic 0.53 2.55' 0.18 
Average SES 1.28 0.69 -2.93 
Students feel math is useful -1.98t -0.54 -0.90 
Students enjoy and feel competent in math -0.78 3.35t -1.44 
Students disagree that math is more for boys 0.13 1.00  -3.631 
Amount of instruction in math  1.881 
Math identified as a special priority -0.32 
Percent of 8th grade students taking algebra -3.02t 
Percent of students on academic/college prep -3.36 
Mean years 12th graders have taken calculus 0.26 
Mean composite math score of grade sample -0.36 -1.47 6.16 

OTHER HLM STATISTICS 

Reliability .04 .15 .29 
Parameter variance 10.77t 33.83•• 85.40•• 
Proportion of parameter variance explained .50 .25 .00 

1A11 between-school independent variables have been standardized. See chapter two for more information. 

NOTE: •'probability 5 .01: •probability 5 .05; tprobability 5 .10. This table shows only the race-ethnicity 
parameter equation of the estimated HLM model. For the complete HLM model. see the corresponding tables in 
Appendix A. 

SOURCE: U.S. Department of Education. National Center for Education Statistics. National Assessment of 
Educational Progress. 1990 NAEP: Math Assessment of 4th Grade. 8th Grade. and 12th Grade Students. 
Restricted-Use Data Base. 



WITHIN-SCHOOL PARAMETERS Grade 4 Grade 8 Grade 12 
Between-school predictors' 

RACE-ETHNICITY BETA COEFFICIENT 
Intercept -12.73•• -14.03•' -13.76•• 
Percent African-American -1.09 -3.31 0.35 
Percent Hispanic 0.46 1.97 1.02 
Average SES 1.04 1.08 -4.03 
Students feel math is useful -1.45 -1.06 -2.48 
Students enjoy and feel competent in math -0.50 4.98 -3.07 
Students disagree that math is more for boys 0.17 1.61 .3.44t 

Amount of instruction in math  2.601 
Math identified as a special priority -0.37 
Percent of 8th grade students taking algebra -1.26 
Percent of students on acatiemic/college prep -5.34 
Mean years 12th graders have taken calculus -2.12 
Mean composite math score of grade sample -0.78 -4.52 6.58 

OTHER HLM STATISTICS 

Reliability 11 .17 .24 
Parameter variance 37.84 57.89t 86.81* 
Proportion of parameter variance explained .00 .00 .04 

Table 5.16.-School climate (math attitudes and academic expectations) predictors of 
student-level parameters of geometry achievement, grades 4, 8, and 12-
Continued 

1All between-school independent variables have been standardized. See chapter two for more information. 

NOTE: ••probability 5 .01; •probability S .05; tprobat Jlity 5 .10. This table shows only the race-ethnicity 
parameter equation of the estimated HLM model. For the complete HLM model. see the corresponding tables in 
Appendix A. 

SOURCE: U.S. Department of Education. National Center for Education Statistics. National Assessment of 
Educational Progress, 1990 NAEP: Math Assessment of 4th Grade. 8th Grade, and 12th Grade Students, 
Restricted-Use Data Base 



C. Summary 

Significant predictors of the race-ethnicity gap 

As summarized in Tables 5.17 and 5.18, only four variables were found to predict 
the race-ethnicity gap in math, and only one variable significantly predicted the race-
ethnicity gap in geometry, although the gap was substantial in both areas. The types of 
schools that had lower race-ethnicity gaps in grade 4 math and geometry were those in 
which students did problems in worksheets more often. In grade 8, the gap it1 math was 
lower in schools in which students worked with objects more often and had a high 
percentage of Hispanic students, although this last association was only true in one out of 
the six models tested, so it is not considered robust. In grade 12, the race-ethnicity gap was 
smaller in schools in which there was a higher student/teacher ratio and more district 
instructional funds per student. 

Proportion of parameter variance explained and reliability 

Tables 5.19 and 5.20 show the proportion of variance explained in the race-ethnicity 
gap in math and geometry by the six models. This proportion ranged from 0 to 50 percent 
for math achievement and 0 to 20 percent for geometry achievement, and it had little 
relation to the number of significant predictors or level of reliability of the models. 

In grade 4, the reliability, or proportion of the total variance that was parameter 
variance, was only .07 in the race-ethnicity gap in both math and geometry. Yet the student 
body characteristics model explained 25 percent and the classroom instructional methods 
model explained 33 percent of that variance isi the race-ethnicity gap in math, although only 
the classroom instructional methods model had a significant predictor. Although the 
instructional methods model also had a significant predictor for the geometry race-ethnicity 
gap, this model explained none of the variance in that area. In contrast, the academic 
expectations model in grade 4 explained 50 percent of the variance in the race-ethnicity gap 
in math, although this model had no significant predictors. 

In grade 8, the reliability was .19 in the math race-ethnicity gap and .17 in the 
geometry race-ethnicity gap. The classroom instructional methods model explained 30 
percent of the variance in math, and there was one significant predictor in this model. The 
three school climate models explained about 25 percent of the variance in math, but none of 
the school climate variables were significant. 

In grade 12, the reliability was .26 in the math race-ethnicity gap and .25 in the 
geometry race-ethnicity gap. Only the school resources model explained any variance in 
math, and it explained 30 percent of the variance. This model contained the two variables 
that were significant predictors for the grade 12 math race-ethnicity gap. For the race-
ethnicity gap in geometry, school climate models explained the most variance in grades 8 
and 12, but they still explained only 19-20 percent. 



Table 5.17.—Summary of significant school-level variables predicting the race-ethnicity 
gap in math achievement, by HLM model 

	HLM MODEL Grade 4 Grade 8 Grade 12 
Between-school predictors' 

	AVERAGE RACE-ETHNICITY GAP IN MATH -14.7•• -15.5" •14.1•' 

SCHOOL RESOURCES MODEL 
School size (number of students) -3.2t 
Student/teacher ratio 4.6• 
District instructional funds/student 4.2• 

CLASSROOM INSTRUCTIONAL METHODS MODEL 
Average time in math class spent on: 

Working with objects 3.2• 
	Doing problems on worksheets 2.6• 

SCHOOL CLIMATE (MATH ATTITUDES) MODEL 
Percent Hispanic 2.0* 
Students disagree that math is more for boys -3.1* 

SCHOOL CLIMATE (MATH ATTITUDES AND BEHAVIOR fti`•'D SAFETY) MODEL 
Students enjoy and feel competent in math 3.3t 
Students disagree that math is more for boys -3.4* 

SCHOOL CLIMATE (MATH ATTITUDES AND ACADEMIC EXPECTATIONS) MODEL 
Percent Hispanic 2.6• 

	Students feel math is useful  -2.01 
Students enjoy and feel competent in math 3.4* 
Students disagree that math is more for boys -3.6* 

	Amount of instruction in math 1.9t 
Percent of 8th grade students taking algebra -3.0* 

I All between-school independent variables have been standardized. See chapter two for more information. 

NOTE: "probability 5 .01; •probability S .05: *probability 5 .10. This table shows only the significant results 
from the race-ethnicity parameter equations of the estimated HLM models. For the complete race-ethnicity 
equations. see tables 5.4 to 5.16. For the complete HLM models, see the corresponding tables in Appendix A. 

SOURCE: U.S. Department of Education. National Center for Education Statistics. National Assessment of 
Educational Progress. 1990 NAEP: Math Assessment of 4th Grade. 8th Grade. and 12th Grade Students. 
Restricted-Use Data Base. 



Table 5.18.—Summary of significant school-level variables predicting the race-ethnicity 
gap in geometry achievement, by HLM model 

	HLM MODEL 	Grade 4 	Grade 8 Grade 12 
 Between-school predictors1 

	AVERAGE RACE-ETHNICITY GAP IN GEOM. -12.5" 	-14.0" -14.3" 

CLASSROOM INSTRUCTIONAL METHODS MODEL 
Average time in math class spent on: 
	Working with objects 3.2t 
	Doing problems on worksheets 3.0• 

	Taking math tests -6.7t 

SCHOOL CLIMATE (MATH ATTITUDES AND BEHAVIOR AND SAFETY) MODEL 
	Average SES ..4.5t 

SCHOOL CLIMATE (MATH ATTITUDES AND ACADEMIC EXPECTATIONS) MODEL 
	Students disagree that math is more for boys -3.4t 

	Amount of instruction in math 2.6t 

I All between-school independent variables have been standardized. See chapter two for more information. 

NOTE: "probability S .01: •probability 5 .05; t probability 5 .10. This table shows only the significant results 
from the race-ethnicity parameter equations of the estimated HLM models. For the complete race-ethnicity 
equations. see tables 5.4 to 5.16. For the complete HLM models. see the corresponding tables in Appendix A. 

SOURCE: U.S. Department of Education. National Center for Education Statistics, National Assessment of 
Educational Progress, 1990 NAEP: Math Assessment of 4th Grade, 8th Grade. and 12th Grade Students, 
Restricted-Use Data Base. 



Table 5.19.-Proportion of parameter variance explained by each FILM model for math 
achievement, grades 4, 8, and 12 

HLM Models 

Parameter Student School Instructional Math Behavior Academic 
Body Resources Methods Attitudes & Safety Expect. 

Grade 4 Mathematics 
RACE-ETHNICITY COEFF. 0.25 0.00 0.33 0.07 0.14 0.50 

Grade 8 Mathematics 
RACE-ETHNICITY COEFF. 0.20 0.13 0.30 0.24 0.26 0.25 

Grade 12 Mathematics 
RACE-ETHNICITY COEFF. 0.00 0.30 0.00 0.00 0.00 0.00 

NOTE: These proportions are calculated from average Tau values (averaged across the five plausible values). 
Negative proportions due to sampling variation have been set to 0. 

SOURCE: U.S. Department of Education. National Center for Education Statistics. National Assessment of 
Educational Progress. 1990 NAEP: Math Assessment of 4th Grade. 8th Grade. and 12th Grade Students. Restricted-
Use Data Base. 

Table 5.20.-Proportion of parameter variance explained by each FILM model for 
geometry achievement, grades 4, 8, and 12 

HLM Models 

Parameter Student School Instructional Math Behavior Academic 
Body Resources Methods Attitudes & Safety Expect. 

Grade 4 Geometry 
RACE-ETHNICITY COEFF. 0.00 0.00 0.00 0.00 0.00 0.00 

Grade 8 Geometry 
RACE-ETHNICITY COEFF. 0.07 0.09 0.15 0.20 0.11 0.00 

Grade 12 Geometry 
RACE-ETHNICITY COEFF . 0.03 0.18 0.04 0.08 0.19 0.04 

NOTE: These proportions are calculated from average Tau values (averaged across the five plausible values). 
Negative proportions due to sampling variation have been set to 0. 

SOURCE: U.S. Department of Education. National Center for Education Statistics. National Assessment of 
Educational Progress. IWO NAEP: Math Assessment of 4th Grade. 8th Grade, and 12th Grade Students. Restricted-
Use Data Base. 



Chapter VI 

Exploratory Analyses of the Gender and Race-Ethnicity Gaps 

A. Overview 

Two exploratory analyses were performed that involved altering the models 
predicting the gender and race-ethnicity gaps. The first analysis used the deviance and Chi-
square statistics to determine whether the student-level race-ethnicity coefficient could be 
fixed, and then examined the effect of fixing it. The second analysis took the course-taking 
control variables out of the student-level equations in grade 8 and 12 and examined the 
effects of this change. The results of these changes were measured on the predictors and 
parameter variance (Tau) of the gender and race-ethnicity gaps. While both analyses were 
fairly simple variations of the original models, the execution of the first analysis was 
greatly complicated by the use of the NAEP plausible values. 

B. The effect of fixing the race-ethnicity coefficient 

The deviance statistic and the Chi-square statistic 

The deviance statistic is the -2 (log likelihood). It can be used to determine whether 
there is any significant parameter variance in random models by comparing it to the 
deviance statistic in a model where that parameter is fixed. This method is similar to the use 
of the F statistic to compare OLS equations to determine whether a fuller model has added 
significantly to explaining the variance or not. If it does not add anything, then the reduced 
model may just as well be used. The deviance statistic allows comparisons of models with 
a parameter fixed and its Tau at zero versus models with the same parameter random and its 
Tau at non-zero. Unlike the F statistic, the deviance statistic has no significance in itself, 
but the difference between the deviance statistics from each model is either significantly 
different from zero or not. The deviance statistics are compared using a likelihood ratio test. 

A significant difference between deviance statistics indicates that one ought to keep 
the parameter random and Tau non-zero. If it is not a significant difference, that is, if the 
parameter variance is not significantly different from 0, then the parameter may just as well 
be fixed. Fixing a parameter is efficient computationally because then the variable is not 
included in the variance/covariance matrix. In addition, fixed control variables can be added 
without losing degrees of freedom in the within-school equation. Fixing and not modeling 
it allows the school-level models to predict only the parameters with variance. Then these 
models are not affected by the parameter with no variance or by its predictors. 

However, other options include fixing the parameter but modeling it anyway, which 
will explain the nonrandom but varying variation of the parameter. In this case, the 
parameter is not included in the variance/covariance matrix, but its own variation is 
modeled. Another option is to keep the parameter random and model whatever variation 
there is. 

The deviance statistic and the Chi-square statistic use different information to test for 
parameter variance significance. The deviance statistic uses the variance/covariance matrix 
from the entire model and from all the schools, while the Chi-square statistic uses only the 
variance from that parameter, and thus can only use information from schools with variance 



on that parameter (see below). For this reason, researchers are encouraged to use the 
deviance statistic rather than the Chi-square statistic as a final test for determining the 
parameter variance significance. Unless one is completely theory-driven, one should only 
fix the parameter if the deviance statistic shows no difference. However, this guideline can 
often produce the following outcomes: 

Fixing variables of interest and modeling their nonrandom variation, in some cases 
even if a Chi-square test shows that there is parameter variance 

Not fixing a variable even if a Chi-square test shows there is no parameter variance 

Keeping random some of the control variables but not modeling them 

These outcomes can result in a very mixed, confusing set of models. The best 
procedure to take is to decide on the variance-covariance of a parameter (fixed versus 
random) based on strong theoretical grounds, rather thin on exploratory results alone. If 
there is no parameter variance, one can either fix it or keep it random, and still either model 
or not model the nonrandom variation. However, since this method is inefficient, one 
would not want to include too many of these nonfixed, nonrandom parameters in the 
equation. 

The advantage of the deviance statistic with segregated schools (all white or all minority) 

HLM uses the variance/covariance information from,all the schools to produce the 
Gamma values and statistics, which predict the intercept and each Beta coefficient of the 
student-level equations. One of these Beta coefficients is the race-ethnicity gap. If only the 
OLS equations were used to estimate this within-school Beta coefficient, then these 
equations would only be available for schools with both minorities and whites, rather than 
segregated (all-white or all-minority) schools. Segregated schools would not be included 
because the race-ethnicity variable would be a constant of either white or minority in those 
schools. Thus, there are no OLS equations for segregated schools because, like any OLS 
model with an independent variable with no variation, the equation cannot be calculated. 

However, in HLM, variance/covariance information from the segregated schools is 
still included in the average race-ethnicity gap coefficient due to the mixed model algorithm. 
HLM calculates the Gammas, the Taus, and the deviance statistics using all the schools in 
the following way. It performs what is called "borrowing strength" from the schools and 
equations that are available for the schools and equations that are not. Therefore, while data 
from segregated schools would add no information about the race-ethnicity gap, such data 
could add information about gender. SES, and average achievement. Thus, HLM uses this 
information and calculates values based on what is known from the other equations. 

Therefore, Taik is calculated using all schools, but the Chi-square test of Tau, the 
reliability values, and the starting values are calculated only► for those schools with OLS 
equations. The portion of Tau that is evaluated with the Chi-square test comes only from 
the diverse schools. This explains the warning statement under the Chi-square table in the 
HLM/2L program, which reminds analysts not to rely on the Chi-square test since it is 
based only on schools with OLS equations. The same warning is printed under the OLS 
equations and the reliability values. Thus, the major reason for using the deviance statistic 
is that it evaluates the parameter variance (Tau) using information from all the schools. 



Testing the parameter variance 

In the original within-school equations, it was decided a priori to keep gender and 
race-ethnicity random and to fix SES in grade 4 and to fix SES and coursetaking in grades 
8 and 12. However, these decisions did not necessarily reflect the actual amount of 
parameter variance around each coefficient. Another way to decide which variables to fix is 
to use the Chi-square statistic and the deviance statistic to test whether there is any variance 
in Tau to model. 

In this study, the average Chi-square estimate of the parameters indicated that in 
4, the variance of race-ethnicity did not vary, indicating that race-ethnicity could be fixed. 
The deviance test was performed in order to confirm this. A grade 4 model was run with all 
variables random and compared with the same model with race-ethnicity fixed. The goal of 
this exploratory analysis was to show how different the deviance vs. the Chi-square test 
was for determining the significance of the Tau, and to determine whether the Tau of the 
gender coefficient changed when race-ethnicity was fixed. The following models were 
tested: 

Model I. Grade 4 Unconditional Model: Parameter variance was random for all parameters. 

	
Ys, = 13oj + 131,x + 132,x21, + 133,x3i; + (6.1) 

		 	Do) 'Yoo + uoj (Intercept equation) (6.2) 

	 	 	13 = Y o+ 14 1j (Gender gap equation) (6.3) 

	 	02) = 'Y20 + 14 2j (Race-ethnicity gap equation) (6.4) 

	 	133j = Y30 + 14 3) (SES equation) (6.5) 

where: i represents the ith student 
j represents the jth school 
yo represents the achievement score of the ith student 

in the jth school 
Poi is the intercept, or the average achievement in the jth school 

is the Beta coefficient for gender in the jth school 

112i is the Beta coefficient for race-ethnicity in the jth school 

133j is the Beta coefficient for SES in the jth school 
Xio represents the gender of the ith student in the jth school 
X24 represents race-ethnicity of the ith student in the jth school 
X34 represents SES of the ith student in the jth school 
ro is random error in the jth school. 
p is the number of within-school parameter equations (from 0 to 3 

in this example) 
ypo is the intercept, or the average within-school parameter value in 

the pth equation 
upi is random error in the pth equation. 



Model I was compared to the following model: 

Model II. Grade 4 Unconditional Model: Parameter variance was fixed for race-ethnicity. 

	X ij 132 jX2ii + rij (6.1) 

	
	130j = 700 + uo; (Intercept equation) (6.2) 

	
	Ph, =710 + id) (Gender gap equation) (6.3) 

	
	02, =72o (Race-ethnicity gap equation) (6.4) 

	 	Rai =730+ u3, (SES equation) (6.5) 

Tables 6.1 and 6.2 show the parameter variance, the Chi-square test and its 
probability value, and the deviance statistics for Model I and Model II. In addition, the Chi-
square test of the difference between the deviance statistics for each model is shown in table 
6.2. These tables illustrate how the Chi-square test on the Tau can differ from the Chi-
square test on the deviance statistic for each plausible value." 

"This exploratory analysis was performed on three of the five available plausible values because two of the 
values would not produce estimates for the unconditional model with all parameters random. We followed 
the same procedure as for five plausible values, which was to average the statistics of the three plausible 
values. However, we also show the results for each of the three plausible values. 



Table 6.1.—Parameter variance (Tau), Chi-square test for Tau > 0, probability value, and 
deviance statistic, by plausible values and average: Unconditional model 
predicting math composite with no parameter variances fixed, grade 4 
(Model I) 

MODEL PARAMETER STATISTIC MIDI Composite Plausible Value Used 
	2 	3 5 Average 

GENDER BETA COEFFICIENT 
Tau 24.5 1.9 19.70 15.4 
Chi-square 256.6 248.9 258.7 254.7 
Probability Tau > 0 .034 .067 .028 .043 

RACE-ETHNICITY COEFFICIENT 
Tau 7.5 42.5 20.8 23.6 
Chi-square 266.6 256.5 229.6 250.9 
Probability Tau > 0 .012 .034 .266 .104 

SES COEFFICIENT 
Tau 20.4 21.0 16.6 19.4 
Chi-square 263.1 251.5 235.0 249.9 
Probability Tau > 0 .018 .054 .191 .088 

DEVIANCE STATISTIC FOR EQUATION WITH NO PARAMETERS FIXED 
Deviance! 43841.3 43986.8 43913.8 
Degrees of freedom 11 11 11 

NOTE: Chi-square test of Tau > 0 based on 218 out of 256 schools. 

SOURCE: U.S. Department of Education, National Center for Education Statistics, National Assessment 
of Educational Progress. 1990 NAEP: Math Assessment of 4th Grade. 8th Grade, and 12th Grade Students, 
Restricted-Use Data Base. 

In table 6.1, the Chi-square test of the Tau indicates that for two out of three plausible 
values, there was significant variation in Tau for the race-ethnicity coefficient, so race-
ethnicity should not be fixed. However, for the other plausible value, there was no 
variation on that coefficient, and these three Chi-squares averaged to a Chi-square that was 
not significant. When race-ethnicity was fixed and a Chi-square test was used to compare 
the deviance statistic of that equation to the deviance statistic of the model when race-
ethnicity was not fixed, this test indicated that there was no significant difference in the Tau 
(table 6.2). Therefore, race-ethnicity could be fixed if efficiency was wanted. It is 
interesting to note that when race-ethnicity was fixed, the Taus of gender and SES, based 
on the Chi-square test of Tau > 0, were somewhat larger and yet more significant. This 
may be the result of the inclusion of almost all of the schools (255 out of 256 schools) 
since by fixing race-ethnicity, segregated schools were included. Thus, fixing race-
ethnicity may have produced a more accurate Chi-square test of the Tau significance for the 
other parameters. 



Table 6.2.—Parameter variance (Tau), Chi-square test for Tau > 0 and probability value, 
deviance statistic, and Chi-square test for difference between deviance 
statistics>0 and probability value, by plausible values and average of statistics: 
Unconditional model predicting math composite with race-ethnicity fixed, 
grade 4 (Model II) 

MODEL PARAMETER STATISTIC Math Composite Plausible Value Used
	2 	3 5 Average 

GENDER BETA COEFFICIENT 
Tau 27.7 23.6 26.6 26.0 
Chi-square 316.8 312.6 319.3 316.2 
Probability Tau > 0 .005 .008 .004 .006 

SES COEFFICIENT 
Tau 23.Q 15.9 14.6 17.8 
Chi-square 316.0 305.2 292.9 304.7 
Probability Tau > 0 .006 .017 .051 .025 

DEVIANCE STATISTIC FOR EQUATION WITH RACE-ETHNICITY FIXED 
	Deviance2 43845.8 43986.3 43917.2 
	Degrees of freedom 	7 	7 7 

TEST FOR DIFFERENCE BETWEEN DEVIANCE! AND DEVIANCE2 
	Chi-square 	4.46 	.51 	3.35 2.77 
	Degrees of freedom 	4 	4 	. 4 4 
	Probability 	.35 	>.5 	>.5 >.5 

NOTE: Chi-square test of Tau > 0 now based on 256 schools. Chi-square test comparing deviance statistics 
based on 256 schools. 

SOURCE: U.S. Department of Education. National Center for Education Statistics, National Assessment 
of Educational Progress. 1990 NAEP: Math Assessment of 4th Grade, 8th Grade, and 12th Grade Students, 
Restricted-Use Data Base. 

This same exploratory analysis was performed on the classroom instructional 
methods model to determine whether the deviance test continued to indicate that the race-
ethnicity coefficient should be fixed, and to confirm that the estimates for the gender 
equation do not change when race-ethnicity is fixed but modeled and SES is not fixed. This 
analysis (not shown) produced similar results as the unconditional model. The Chi-square 
test of Tau > 0 indicated that for two out of three plausible values, race-ethnicity could be 
fixed, and the deviance statistics test confirmed this for all three plausible values. As in the 
unconditional model, when the Tau of the race-ethnicity coefficient was fixed, the Tau of 
the gender coefficient varied more than when race-ethnicity was random and the segregated 
schools were not included. 

As expected, the Gamma estimates of the gender and race-ethnicity equations did not 
change when the race-ethnicity Tau was fixed, because Gamma estimates are based on all 
of the schools. Gamma estimates depend only on the other school-level variables and the 
student-level models in each school-level equation. Therefore, the Gamma estimates were 
not affected by fixing or not fixing race-ethnicity or by fixing or not fixing SES. 



C. Taking out the controls for coursetaking in grades 8 and 12 

Coursetaking was included as a control variable in the grade 8 and 12 siudent-level 
equations because it is known to be associated with gender differences in math 
achievement. By controlling for it, it was hoped that the effects of gender separate from 
coursetaking could be estimated. However, although average gender differences in 
achievement were found when coursetaking was controlled for in grade 12, no average 
gender differences were found in grade 8, and only one school-level variable in grade 12 
could explain the variation in gender differences in either grade. Since the coursetaking 
coefficient was always large and significant, this variable may have been a proxy for much 
of the difference in achievement by gender, and since it was not modeled, the school 
correlates of these differences were hidden. 

These results suggested that an exploratory model without coursetaking in the within-
school equation might produce different results for gender than when coursetaking was in 
the model. Estimating gender differences without controlling for coursetaking differences 
would test for gender differences that would include coursetaking differences by gender, 
and this model would be expected to exacerbate gender differences. 

To test this hypothesis, coursetaking was taken out of the grade 8 and grade 12 
overall math and grade 12 geometry within-school equation. SES was still fixed at the 
within-school level. The between-school model of classroom instructional methods was 
estimated. This model was chosen because it contained the most variables in any model that 
were hypothesized to be related to the gender coefficient. 

Table 6.3 shows the results of the between-school model for the gender and race-
ethnicity coefficients. Also shown in parentheses are the coefficients from the gender and 
race equation in the original classroom instructional methods model, which includes 
coursetaking (tables 4.9, 4.10, 5.9, and 5.10). The results in table 6.3 are compared to the 
results from this previous model. 



Table 6.3.-Classroom instructional methods predictors of student-level parameters of 
grade 8 math, grade 12 math, and grade 12 geometry, after coursetaking has 
been removed from the within-school equation 

WITHIN-SCHOOL PARAMETERS Grade 8 Grade 12 Grade 12 
Between-school predictors' Math Math Geometry 

	Previous New 	Previous New 	Previous New 
	Results Results 	Results Results 	Results Results 

GENDER BETA COEFFICIENT 
Intercept (-0.60) -0.06 (-2.52**) -3.92** (6.91") -5.18** 
Percent black -0.81 0.40 0.89 

Percent Hispanic -1.7e -0.20 -0.08 
Average SES (-1.58) -2.38* 1.63 2.56 
Average time spent on: 

Working in small groups -0.60 .71 0.54 

Working with objects -0.68 (1.71) 2.67* (2.71t) 2.98t 
Doing problems on worksheets -2.25 1.07 0.87 
Doing problems from textbook -1.37 -0.94 -1.08 

Taking math tests -1.26 (-2.88t) -2.86t (-1.63)  -3.641 
Using computer -0.87 -1.39 (-3.21*) -2.50 
Using calculator 0.56 -0.42 0.36 
Writing math proofs -0.64 -0.96 
Formulating own math problems 1.42 2.21 

RACEETHNICITY BETA COEFFICIENT 
Intercept (-16.00")-18.14'• (-14.88**)-15.64** (-13.99••)-16.37•• 
Percent black 0.67 -0.49 -2.02 
Percent Hispanic 0.09 0.20 -.36 
Average SES (-1.81) -3.91** 1.81 2.09 
Average time spent on: 

Working in small groups 2.17 -0.37 -1.28 
Working with objects (3.16*) 3.62* 2.08 2.35 
Doing problems on worksheets -0.68 2.56 3.26 
Doing problems from textbook -2.32 -5.40 -3.57 

Taking math tests -1.34 -3.73 (-6.71t) -5.35 
Using computer -0.84 -2.93 -3.42 
Using calculator -1.84 -1.51 -2.93 
Writing math proofs -0.53 -0.72 
Formulating own math problems 1.45 3.40 

I All between-school independent variables have been standardized. See technical notes for more information. 

NOTE: **probability 5 .01: probability 5 .05: tprobability 5 .10. This table shows only the gender and race-
ethnicity parameter equations of the estimated HLM model. The complete HLM model includes equations 
predicting the intercept. SES is fixed at the student level and not modeled at the school level. 

SOURCE: U.S. Department of Education. National Center for Education Statistics. National Assessment of 
Educational Progress. 1990 NAEP: Math Assessment of 8th Grade and 12th Grade Students, Restricted-Use Data 
Base. 



Table 6.4.—Parameter variance statistics for classroom instructional methods predictors 
of student-level parameters of grade 8 math, grade 12 math, and grade 12 
geometry, after coursetaking has been removed from the within-school 
equation 

PARAMETER VARIANCE STATISTICS Grade 8 Grade 12 Grade 12 
Math Math Geometry 

GENDER BETA COEFFICIENT 
Parameter variance 33.34 14.89 23.06 
Chi-square 179.81 157.76 148.27 
Degrees of freedom 137 124 124 
Probability value .017 .029 .101 

RACE-ETHNICITY BETA COEFFICIENT 
Parameter variance .9.14 49.56 94.64 
Chi-square 185.58 155.35 161.02 
Degrees of freedom 137 124 124 
Probability value .006 .032 .024 

SOURCE: U.S. Department of Education. National Center for Education Statistics, National Assessment of 
Educational Progress. 1990 NAEP: Math Assessment of 8th Grade and 12th Grade Students. Restricted-Use Data 
Base. 

In both grades, the model predicting the intercept, or average achievement, estimated 
the same equation as before, while the models predicting the gender and race-ethnicity gaps 
produced some new results in the predictors (table 6.3 compared to tables 4.9, 4.10, 5.9, 
5.10). However, the gender and race-ethnicity intercepts in these equations were very 
similar to the models in which coursetaking was included. The gender gap remained the 
same in grade 8 math, while it increased by only 1 point in grade 12 math, and decreased 
by only 1 point in grade 12 geometry, indicating that coursetaking had little effect. 
However, the race-ethnicity gap consistently increased by 1-2 points in grade 8 math and 
grade 12 math and geometry, implying that coursetaking was capturing a small amount of 
the gap. 

In grade 8, there were two new results in the independent variables. The higher the 
average SES of a grade, the lower the math achievement of girls in relation to boys and the 
lower the math achievement of African-Americans, Hispanics. and Native Americans in 
relation to whites and Asian-Americans. Therefore, in higher SES schools, both the gender 
and race-ethnicity gaps in 8th grade math were larger. These differences may be due to 
coursetaking since this association was not present when coursetaking was controlled for. 
In addition, the previous result that working with objects predicted a smaller race-ethnicity 
gap in grade 8 math remained significant. 

In grade 12, there was one new result in the math equations and one new result in the 
geometry equations. In the model predicting the gender gap in math, in schools where 12th 
graders worked with objects more than the average amount, the gender gap was lower by 
about 3 points, which almost equaled the 4 achievement points that females averaged less 
than males in grade 12. This variable had not been significant in the models that included 
coursetaking. Since the gender difference was present whether or not coursetaking was 
controlled for, but the association with objects that counteracted that gender difference 
appeared only when coursetaking was not controlled for, this method may be related in 



some way to coursetaking. This relationship needs to be investigated to determine whether 
it is the working with objects or taking the courses they are associated with that predicts 
more equal achievement for females in relation to males. 

In the model predicting the gender and race-ethnicity gaps in 12th grade geometry, no 
new variables became significant. However, one variable became almost-significant, one 
variable that had been almost significant became nonsignificant, and one other that had been 
significant no longer was. In the gender gap equation, the significant relationship between 
the use of computers in math classes with the gender gap became nonsignificant, while the 
nonsignificant relationship between math tests and the gender gap became almost 
significant. In the race-ethnicity gap equation, the almost-significant negative relationship 
between taking math tests and the race-ethnicity gap also became nonsignificant. Thus, the 
presence of the coursetaking variables subtly shifted the relationship of these variables to 
the gender and race-ethnicity gaps. 



Chapter VII 

Summary and Discussion 

A. Overview 

Using HLM on the 1990 NAEP mathematics data in grades 4, 8, and 12 produced 
several interesting results with models that attempted to explain variations in average math 
achievement, the gender gap, and the race-ethnicity gap. The results of these models are 
summarized and discussed in this chapter. After analyzing the meaning of the results and 
the questions that still need to answered, the discussion then turns to evaluating the lessons 
learned about the HLM methodology and NAEP in the process of analyzing these NAEP 
data. Finally, recommendations for further research and for improving the use of both 
NAEP and FILM are provided. 

B. Models predicting average achievement 

This summary of the results is guided by two questions. First, how do the results on 
the 1990 NAEP data compare to similar HLM models tested on the 1986 NAEP data in 
grades 3, 7, and 11? Second, what are the results and the interpretations of the results of 
the new models? The comparisons between the old and new results are presented first, and 
then the interpretations of the new results are discussed. 

Models tested on both 1986 and 1990 NAEP data 

Only two models—student body characteristics and school resources—were similar 
to the HLM models tested on the 1986 NAEP data. For the most part, the results of these 
models differed from the earlier similar HLM models. The only result that closely replicated 
findings from the earlier study was in the student body characteristics model, where 
schools with higher percentages of African-American students had lower average 
achievement in each grade. The 1986 and 1990 models estimated a similar lower level of 
achievement for grade 3 in 1986 and for grade 4 in 1990. In 1990, the average achievement 
was 5 points lower for each standard deviation above the average percent African-
American, while in 1986 it was 8 achievement points lower. The grade 7/8 and 11/12 
results in 1986/1990 are almost identical (11 and 12 achievement points lower in grades 7 
and 8, respectively, and 9 and 10 achievement points lower in grades 11 and 12, 
respectively). These results point to a persistent lower achievement in schools with higher 
percentages of Afrkan-American students compared to other schools, irrespective of 
student body SES levels (and in 1990, controlling for coursetaking in grades 8 and 12). 
This association needs to be investigated further to identify the factors involved in the 
relationship between African-American students, their schools, and achievement that may 
be operating at every SES level .65  

In both 1986 and 1990, the direction of the association of school SES with 
achievement was the same. Schools with higher average SES levels averaged higher 

650ne factor that may be eliminated is test bias in the assessment instruments. NAEP assessment items 
undergo extensive analytical and judgmental reviews for test bias by race-ethnicity or gender. 



achievement. However, the size of the effect varied by grade between the years. In 1986, 
the effect of SES was large in grade 3, and although significant, was almost negligible in 
the higher grades. In contrast, in 1990, the effect of SES levels was larger in the higher 
grades. 

Part of the difference in results may be due to the different measures of SES of the 
student body that were used in 1986 and 1990. In 1986, school-level variables concerning 
the percentage of students in the school in the Chapter One and free lunch programs made 
up a school-level "disadvantaged" index, which expressed the economic situation of 
students in the entire school. In 1990, student-level SES variables of parents' education 
and reading materials available in the home were aggregated by grade to the school level. 
These variables expressed a type of educational SES level, averaged for students in each 
grade for each school. It is possible that the school-wide economic variables used in 1986 
were salient only for students in the early grades, and in fact, many schools in the sample 
did not participate in the lunch program in the later grades. In addition, the 1990 variables 
that made up the SES value were all conditioning variables. The use of conditioning 
variables, although aggregated, may have allowed an association between student body 
SES levels and achievement to appear. 

Unlike 1986, the percentage of Hispanic students had little or no association with 
average achievement in 1990. Whereas in 1986 there was a 5-point lower average 
achievement for every standard deviation above the average percent Hispanic in each grade, 
in 1990 there were no significant difference in grades 4 and 12, and only a slight difference 
in grade 8. Since the same measure was used in both study years, it is possible that 
whatever effect was there had been reduced in four years. However, the difference in 
results could also be due to random year to year fluctuations that cannot be detected with 
just two time points. 

In 1990, the only school resource associated with achievement was the percentage of 
students using computers in grade 4. This computer variable could indicate that the use of 
computers is related to math achievement in grade 4, or it could mean that schools with 
more students using computers are also providing other resources or instruction that are 
associated with higher math achievement. 

These 1990 results are quite different from those in 1986, when there were several 
more significant school resources variables. In 1986, district instructional funds per student 
were positively associated with achievement in grades 7 and 11, student size was positively 
associated with achievement in grades 3 and 11, and having a specialized science lab was 
positively associated' with achievement in grade 11. Having a specialized science lab was 
not estimated in 1990 because it was available only in grade 4. However, it seems puzzling 
that district instructional funds was not significant in 1990 as it had been in 1986. 
However, when it was significant in 1986, only 2 average achievement points were gained 
for every standard deviation above the mean amount of funds, so maybe this small effect 
occurred by chance only in 1986. It was not a conditioning variable in either year, so it is 
also possible that something more inherent in the relationship between math achievement 
and the funds available may have changed. It is even more puzzling that a larger school size 
would not predict higher achievement. In 1986, the model predicted an average of 2 to 4 
points higher for grades 3 and 11 for every standard deviation above the average school 
size, while in 1990 the differences were under 1.5 and not significant. It is possible that 
new variables introduced in 1990 accounted for the earlier school size effect. However, 
while these differences could be important changes, more time points are needed to 
determine whether they are actual trends or random fluctuations. 



New models tested only on 1990 NAEP data 

The other four models tested variables that not only were different from those in the 
earlier study, but were conditioning variables. In addition, they were more directly related 
to instruction and the school climate for learning than models in the earlier study. All of 
these factors made them more likely to be significantly related to average achievement, and 
there were more significant results. 

In the classroom instructional methods model (derived from student self-reports), 
most instructional methods that were significantly related to average achievement confirmed 
common knowledge about effective instructional methods. However, some results were 
surprises and need to be investigated further. 

Working on problems from textbooks was associated with higher achievement in 
math and geometry in both grades 4 and 8, while working with objects was associated with 
higher geometry achievement in grade 4 only. These results could either show that these are 
effective learning methods, or indicate that schools that use these methods may have other 
characteristics that support higher achievement. These characteristics would need to be 
identified using a more qualitative style of research. The association of working with 
blocks, rulers, and shapes with higher 4th grade geometry achievement supports the theory 
that younger children learn math and geometry best when they can manipulate objects that 
illustrate math concepts. 

In grade 4, using calculators was associated with lower math achievement. In 8th 
grade, using computers was negatively associated with math and geometry achievement. 
However, in 12th grade, using calculators was positively associated with math and 
geometry achievement. Using calculators and computers during math instruction has come 
under increasing scrutiny, and results here provide some evidence that they might have 
different meanings for different age groups. In grade 4, using calculators in class might be 
detrimental, since they are associated here with lower achievement. Using calculators may 
be taking time away from basic instruction, or students might be using them instead of 
solving arithmetic problems on their own, and thus not learning those skills or concepts. 
Alternatively, the test may penalize students who usually use calculators and may be testing 
more routine applications than higher level concepts. 

Similarly, in grade 8, the use of computers was associated with lower achievement. 
Either computers are not useful for this age group, or the way they were used by these 
schools was associated with lower rather than higher achievement. It is possible that 
computers were used for remedial instruction and that they indicate, rather than cause lower 
achievement. By grade 12, calculators may be used to support more higher level 
applications rather than as substitutes for knowledge of basic math, so their use may 
indicate the presence of higher level learning. However, more information is needed about 
how calculators and computers are being used in these classrooms before any definite 
conclusions can be made. 

In grade 12, writing proofs was positively associated with math and geometry 
achievement. Since it is in geometry that most math proofs are written at this level, these 
results suggest that students in successful geometry classes write more math proofs. 
However, it is unclear why formulating one's own math problems would be negatively 
associated with geometry achievement. This result could either reflect a problem with this 
method, or with the definition of the variable. 

The school climate models showed that attitudes that students hold about math are 
related to math and geometry achievement. In both grades 8 and 12, schools with more 



students who liked math and felt that they were good at math averaged higher math 
achievement, and 12th graders in these types of schools averaged higher geometry 
achievement. It is possible that this result did not show up in grade 4 because there was 
less variation in these attitudes between schools than in grades 8 and 12. In grade 12, 
however, schools in which students believed math was useful averaged lower math and 
geometry achievement. This may reflect the number of students taking vocational or applied 
math as opposed to higher level courses such as geometry and calculus. 

One important result for grades 4 and 8 was present in the school climate model that 
controlled for academic expectations of a school. Schools that supported a more female-
positive atmosphere, that is, had more students disagreeing that math is more for boys than 
girls, averaged higher levels of math and geometry achievement in grade 4 and math 
achievement in grade 8. This relationship was also present for 4th grade math when 
controlling for problems in the school. While this attitude did not narrow the gender gap in 
any grade, it is significant to note that attitudes that support females actually may support all 
students. This result is even more remarkable because 85 percent of the schools in grade 4 
and 8 (and 81 percent of the grade 12 schools) had female-positive atmospheres. 
Therefore, the few schools with female-negative atmospheres had to average relatively low 
achievement to distinguish themselves from the female-positive schools, and conversely, 
the female-positive schools must have averaged relatively high achievement. It is not 
possible to tell which was the cause and which the effect, or whether some third variable 
caused both of these factors, but high achievement and femall-positive atmospheres are 
associated with each other in these schools. 

The school climate model with student behavior and safety issues pointed to only one 
behavioral variable that was associated with achievement. In grade 12, classroom 
disruption by students was related to achievement. Although higher incidents of classroom 
disruption and safety threats were measured in grade 8, they do not seem to be associated 
with achievement until high school. A low average number of problems in the school was 
recorded in grade 4,*so these issues must not be as salient in that grade. 

The school climate model with academic expectations used different measures than 
the 1986 "academic press" model. Of the many variables in the 1986 study that measured 
academic press. such as academic rigor, changes in school academic standards, and 
parent/school interactions, only one—the changes in the standards—was significantly 
associated with achievement, and it predicted lower achievement in grade 7. This "change" 
variable seemed to be identifying which schools needed to change rather than ones that had 
improved dramatically. Consequently in 1990, different variables were chosen to represent 
academic pressure that were more closely related to the academic climate and expectations 
for math achievement that surrounded the students in each grade, such as time in math 
instruction and amounts of math taken by students in each school. 

Using these variables, which were also conditioning variables, did produce the 
expected results for grades 8 and 12. The more 8th grade students who were taking 
algebra, and the more 12th grade students who were in the academic track and had taken 
calculus, the higher the average math and geometry achievement in a school. However, it is 
not possible to tell whether these variables are actually measuring academic pressure itself 
or whether they represent the effect of the pressure on the students. In either case, it is clear 
that having more students in higher level classes and programs is associated with higher 
achievement. The grade 4 variables of amount of math instruction and the priority of math 
in a school were not significant. However, they were also not conditioning variables, so it 
is hard to tell whether they were not significant because of that reason, or because they 
truly had no relationship to achievement. 



C. Models predicting the gender and race-ethnicity gap 

Gender 

In the study of 1986 NAEP data, there were only two significant factors associated 
with the gender gap in math achievement. These two factors were that the higher the 
proportion of African-American students in an elementary school, the better 3rd grade 
females did in relation to boys; and the larger the school size in a high school, the better 
1 1 th grade females did in relation to boys. It was assumed that more variables were not 
significant in that study because either variables were not chosen that might specifically 
relate to gender differences in achievement or none of the school-level variables were 
conditioning variables. 

For the present study, the classroom instructional methods and school climate models 
contained the variables in NAEP that most closely addressed the subtle issues of 
instructional methods, classroom interactions, and attitudes toward math that are theorized 
to create or reinforce gender differences. These variables were specifically expected to 
relate to gender differences, especially in grades 4 and 8 where there was variation in the 
gap between females and males. In addition, these variables were all conditioning 
variables. However, only one variable, in one grade and one subject, was associated with 
the gender gap. In grade 12 geometry, the amount of time spent using computers in math 
class predicted a larger gender gap. After discussing this one result, the reasons for the lack 
of other results will be reviewed. 

The gender gap in grade 12 geometry was wider in schools in which computers were 
used more in 12th grade math classes. This negative association between gender and 
computers is of concern because experience with computers can be as important as math 
skills as a basis for success in technological fields. Therefore, the reasons for this 
association need to be investigated with more school and classroom-based research, guided 
by the following questions. Some of these questions can be answered using the NAEP 
datasa, while others can only be answered through observational research in schools. The 
questions include: How are the computers used? Do the computers have anything to do 
with learning geometry skills, or are they proxies for some other sort of access to 
instruction? Is there a gender difference in computer use, or in access to math or geometry 
teachers or facilities? Are there as many females as males taking geometry? 

No school climate variables were associated with the gender gap in grades 4, 8, or 
12. Interestingly, the presence of female-positive attitudes was not related to the gender 
gap, although it had been associated with higher achievement for all students in grade 4 and 
8 

In general, most variables were not associated with the gender gap. It could be that 
the factors associated with gender differences are too subtle to be picked up by the 
measures available in NAEP. The problems with the variables discussed in chapters one 
and two may also contribute to a lack of results. 

In addition, there may not be a strong relationship between present classroom and 
school factors and present achievement by gender in the earlier grades because the latter are 
largely the result of past factors. Instead, the effect of early classroom and school factors 
may be more of a lagged effect that causes average gender differences to appear in high 
school rather than earlier. Alternatively, factors that may cause gender differences in math 
may not start until adolescence. This theory would fit with studies that show that it is after 
puberty that females start to underachieve in math in relation to males due to social pressure 



and fear of competing with males. In any case, the process of channeling females into 
lower level math achievement may be both subtle and complex, and this process may be 
hard to measure in a cross-sectional study. In addition, the lagged development of females 
and males in math may proceed at different rates, and differences between females and 
males may appear at different times. In this case, a cross-sectional study could pick up the 
differences but not be able to explain them. 

Another explanation for so few gender differences and so few predictors of the 
gender gap is that in grades 8 and 12, coursetaking was controlled for at the student level. 
Since gender differences in math achievement are often first manifested as course-taking 
differences, and it is those course-taking differences that lead to actual achievement 
differences, controlling for this variable may have removed the effects of, as well as the 
explanations for, channeling females into lower math achievement. However, the 
exploratory analysis in chapter six on models with coursetaking removed showed that this 
change yielded only a slight change in the race-ethnicity gap and little change in the gender 
gap. Therefore, coursetaking is not an explanation for the lack of results, and the gender 
differences and the.one predictor of the gender gap discussed here are valid regardless of 
amount of coursetaking. 

Race-ethnicity 

Differences in math and geometry achievement by race-ethnicity were much more 
pervasive than differences by gender. The gap between African-American, Hispanic, and 
Native American students and white and Asian-American students consistently averaged 14 
points in grades 4, 8, and 12, even controlling for SES level. In addition, this gap varied 
between schools in grade 8 and 12, and almost varied in grade 4. This suggests that factors 
in schools have the potential to explain math achievement differences associated with race-
ethnicity. 

Two variables in the school resources model were related to the race-ethnicity gap in 
grade 12. Schools with higher student/teacher ratios and more district funds per student had 
substantially lower gaps in 12th grade math achievement between 12th grade African-
American, Hispanic, and Native American students and white and Asian-American 
students. These factors are somewhat contradictory, but they can both be manipulated by 
school districts. It is not clear why having more students per teacher would help the 
achievement of African-American, Hispanic, and Native American students in relation to 
white and Asian-American students, so this relationship needs to be investigated further 
before drawing any policy conclusions. Perhaps funds available due to larger class sizes 
were used for classes with high percentages of African-American, Hispanic, and Native 
American students. Increasing district funds per student may seem to have a more obvious 
connection to increasing African-American, Hispanic, and Native American achievement, 
but even if the relationship is not spurious, it would be important to know what the funds 
were spent on and whether they actually had a direct effect on math instruction. 

Variables in the classroom instructional methods model also pointed to factors 
associated with the race-ethnicity gap that may be amenable to educational intervention, if 
confirmed by further research. The race-ethnicity gap in grade 4 math and geometry was 
smaller in schools where students worked on worksheets more. This could show that this 
instructional method is better suited for equal learning in this age group, or it could be a 
proxy for a type of classroom atmosphere that is maintained when students spend more 
time on worksheets. This atmosphere, such as more order in the classroom, more 
controlled instruction from the teacher, or more monitored interaction with other students, 



may counteract differences by race-ethnicity. Only ethnographic or experimental research 
could confirm the reasons for this smaller race-ethnicity gap with these methods. 

In grade 8 math, the race-ethnicity gap was smaller in schools where 8th grade 
students worked more with objects. Learning math by manipulating objects has long been 
known to help students in the early grades, and this result may show that this method plays 
a particular role in helping African-American. Hispanic, and Native American students in 
grade 8 to catch up in achievement to the achievement levels of white and Asian-American 
students. However, it does not explain why white and Asian-American students would not 
also benefit so much from this method. Again, this method may represent a type of 
classroom atmosphere that fosters productive learning for those students who 'most need it, 
and somehow counteracts any differences by race-ethnicity that might already exist. 

D. Lessons learned about using HLM with NAEP data 

The effectiveness of the HLM models with NAEP data 

The outcomes of this study were the result of interactions between the type of data 
available in NAEP, the types of models that can be tested using HLM, and the way these 
interactions were expressed in the HLM estimates and statistics. Both NAEP and HLM 
worked very well when explaining variations in achit;vement. However, they did not work 
particularly well in explaining variations in the gender and race-ethnicity gaps. The reasons 
for this difference seem to stem from limitations of both NAEP and HLM, and these 
reasons are discussed below. In addition,. in the process of analyzing these results, two 
patterns appeared that are also related to charactenstics of both NAEP and HLM. The first 
pattern was a lack of correlation between the amount of parameter variance, reliability, 
significant variables, and the proportion of variance explained. The second pattern was a 
sensitivity of the models to slight changes in variables. These are also discussed below. 

Explaining the wealth of results for average achievement 

The HLM models were very successful in explaining the variations in the average 
NAEP achievement data, at least in terms of proportion of variance explained. This is not 
surprising given that the assessment scores, even in the form of plausible values, are the 
product of years of refinement by NAEP, and are the dataset's "best" variables. In 
addition, the intercept equation in an HLM model is usually the most reliable, because the 
dependent variable usually has the least sampling error and the most parameter variance. In 
fact, HLM statistics showed that this variable had high reliability and high parameter 
variance. 

While the three student body characteristic variables were able to explain a majority of 
the variance in grades 8 and 12, several other variables were also significantly related to 
achievement. Some of these findings were robust across models, and others wavered on 
the edge of being significant. Any of these results may be affected by the problems with 
variable specification mentioned in chapters one and two. However, these models were still 
successful by any HLM measure, and more testing can be done to determine whether these 
particular variables made a difference to that success, or whether any three variables would 
account for that much variance. 



Explaining the lack of results for the gender and race-ethnicity gap 

The HLM models were less successful in explaining the gender and race-ethnicity 
gaps. In the case of the gender gap, this may have been simply due to the small amount of 
gender gap in the early grades, and the small amount of variation in the large gap in grade 
twelve. However, there was enough gender gap and variation in all grades at some point to 
be discouraged about the lack of significant predictors. In addition, the exploratory 
analyses in chapter six found that neither taking out course-takim nor fixing the race-
ethnicity coefficient changed the gender gap results substantially. nw race-ethnicity gap, 
which was large, significant, and variable, also had few significant predictors. Therefore, 
other reasons for these results will be considered. 

First, the other coefficients besides the intercept in HLM models are usually harder to 
predict. This is due in part to being a more indirect measure of the dependent variable, since 
they incorporate information about both achievement and gender or race-ethnicity. This 
gives them more sampling error and less parameter variance. In fact, the reliabilities of the 
gender and race-ethnicity coefficients were very low, which made even a high amount of 
parameter variance explained account for little of the total variance. Second, with less 
reliable dependent variables, the models might be more sensitive to any problems with the 
predictor variables. Although the student body characteristics, classroom instruction, and 
school climate variables were theoretically very related to gender and race-ethnicity, their 
actual measurement with the NAEP data may have not been precise enough to capture the 
true associations. In addition, these models would also be more sensitive to the problems in 
using school-level classroom data and other aggregated variables because the gender and 
race-ethnicity gaps are, like these variables, school-wide aggregates of individual and 
classroom patterns. 

NAEP and HLM can continue to be used to explore the gender and race-ethnicity 
gaps. Besides constructing and testing other predictor variables, variations of the gender 
and race-ethnicity gaps can be created by testing the interaction terms or different 
combinations of gender and race-ethnicity. However, if even these simple models were not 
successful, it is possible that the limitations of the data and the model may prevent the 
combination of HLM models and NAEP data from obtaining more meaningful results in 
this area. 

Inconsistency in the relationship between reliability, parameter variance, and 
significant variables when examining separate school-level equations 

In the average achievement models, the HLM statistics were fairly consistent. The 
reliability was high, the parameter variance was high, some variables were significant, and 
a high proportion of parameter variance was explained. There was a tendency for the 
reliability to drop as the proportion of variance explained rose in grades 8 and 12, which 
was probably due to new variables that added sampling error. With different variables, 
grade 4 reliability remained high and a low proportion of variance was explained. For the 
most part in grade 4, the reliability and parameter variance were high, and some significant 
variables did account for some of the variance. Still, like in OLS regression, the presence 
of significant variables does not determine how much of the variance is explained, and the 
school variables could not explain as much of the grade 4 variance as the variables could 
explain of the grade 8 and 12 variance. Some of the variables differed by grade, so it is 
possible that the particular variables simply had less salience in grade 4 than the higher 
grades. 



However, in the gender and race-ethnicity models, the HLM statistics were much less 
consistent. The following situations illustrate the inconsistency of outcomes in these 
statistics. Despite the presence of parameter variance in the grade 4 and 8 gender gap in 
math, no significant variables were found and no variance was explained by the student 
characteristics model, and significant variance remained. This pattern was expected. 
However, after controlling for this model, significant parameter variance in grade 12 
appeared after previous nonsignificance. In a more dramatic example, grade 12 math and 
geometry had similar low reliabilities in the instructional methods model (.12 and .14). In 
grade 12 geometry, there were no significant variables, yet 37 percent of the variance was 
explained, despite almost no variance explained by earlier models with only student 
characteristics. However, in grade 12 math, there was one significant variable, and 37 
percent of the variance was also explained. Both math and geometry in this case had one or 
two variables that were almost significant, but neither would account for that much variance 
explained. In some cases, significant predictors seemed to account for more of the 
variance, but in other similar models, some of the variance was explained even with no 
significant predictors. There were also situations in which the proportion of variance 
explained dropped in later models, despite having the same student body variables in the 
model. 

These seemingly inconsistent results can be explained by factors in both HLM and 
NAEP. First, although the school-level equations for average achievement and the gender 
and race-ethnicity gaps were presented separately in this report, they are all part of an 
interconnected HLM equation for each model, as shown in the Appendix A tables. The 
"separate" equations are not separate at all, but are greatly affected by the other Betas, their 
parameter variances, and their school-level predictors in the other equations. Therefore, 
what seems inconsistent in one equation is actually a meaningful part of a larger HLM 
equation. In short, although these equations can be examined separately, their 
interconnectedness to the rest of the HLM model must not be forgotten, and none of these 
HLM statistics can be given the same interpretation as similar OLS statistics. 

An additional explanation for some discrepancies in the parameter variance patterns is 
the use of plausible values in NAEP. Each parameter variance reported in this study is the 
average of five parameter variance values. When these values are compared to determine 
proportion of variance explained, fluctuations in the averages sometimes cause the 
unconditional parameter variance to be smaller than the variance in later models, or for 
more variance to be explained by earlier than later models. For this reason, small changes 
in the proportion of variance explained are not as important to consider as larger trends. 

Sensitivity of the models to specific variables 

The six models tested seemed somewhat sensitive to the particular variables in each 
model. This could be observed in the school climate models, which contained the same 
school climate control variables but had control variables that were significant in only one 
of these models. For example, the percentage of Hispanic students in a school was only 
associated with the race-ethnicity gap in the last school climate model. Although it had been 
almost significant in the first school climate model, it was never significant in earlier 
models. Therefore, it seemed sensitive to the variables in the model. 

Identifying the variables that were almost significant provided a larger sample of 
variables to track, and it was found that some variables, like percentage of Hispanic 
students, wavered on the edge of significance. While the purpose of multivariate analysis is 
to identify the correctly specified model that will account for most of the variance and 
express the true significant relationships, it is hard to identify important associations when 



a variable behaves differently in different models. While this may be another result of the 
complex HLM model, it makes variable specification and choice even more important. 

Interpreting HLM and NAEP results 

Despite the problems of variable specification, lack of significant predictors, 
inconsistency in the statistics, and sensitive models, it is still possible to produce 
meaningful interpretations of HLM/NAEP results. First, the more the construction and 
univariate characteristics of a variable are known, the easier it is to explain their association 
with other variables. Second, variables that are significant across varying models with 
different control variables are more robust predictors than those that only appear in one 
model. This is also a good reason to combine models for a final test of the major variables. 
Third, while statistical significance is necessary for interpreting a result, it may not always 
be sufficient. The practical significance of the results must be considered also. Given that 
the four anchor levels in math are 50 points apart, and the standard deviations around 
average achievement are between 30 and 40 points, variables that predict average 
achievement or gap differences of under 5 points may not be as important as those that 
predict changes of 10 or more points. 

The use of conditioning variables in HLM models 

Although the 1990 study was designed to determine whether using more conditioning 
variables would make a difference in the results and whether the conditioning variables 
would perform better than the nonconditioning variables, these questions were only 
partially answered. 

More results were obtained using the 1990 dataset than in the previous study using 
the 1986 dataset, although different variables were used in four out of six models. Table 
7.1 displays all the student- and school-level variables, and shows which ones are 
conditioning variables and which ones had significant relationships with student 
achievement. Most, but not all, of the significant variables were conditioning variables. 
Many of the conditioning variables that were significant were student-level variables that 
had been aggregated to the school level. Since they had been used as conditioning variables 
at the student level, it is interesting that they were associated with within-school parameters 
after aggregation. The use of conditioning variables is most important at the student level, 
which is the level at which the plausible values are estimated. However, they still might 
have some effect at the student group mean (i.e., school level), and these results might 
support that conclusion. 

Using conditioning variables in these models seems to have contributed to finding 
more significant associations with average achievement, although it did not help explain the 
gender or race-ethnicity gap. Although most of the conditioning variables were student-
level variables aggregated to the school level, many were significant and had moderate 
effect sizes. This suggests that one possible reason for the lack of results in the 1986 study 
was that few conditioning variables were used, and also suggests that conditioning 
variables should be used whenever possible, even if they are aggregated to the school level 
from the student level. However, since most of the conditioning variables used in 1990 
were not available or not tested in models in 1986, it is not possible to tell whether their 
significance in 1990 is actually due to the fact that they, are conditioning variables. In 
addition, it is important to remember that while conditioning variables may be more likely 
to be significant, they are not always significant. However, their presence may make it 
more likely to find significant results. 



Table 7.1.—Significant results of conditioning and nonconditioning student-level and 
school-level variables, by grade: 1990 

Significant Variables 	
Variable 	Grade 4 	Grade 8 Grade 12 

Student-level variables 

• • Gender (lisfemale) 
• • • • • •  Race-ethnicity (1sAfr. Am, Hisp., Nat. Am.)1 
• • • • • • SES level 

•• Taking algebra la grade 8 (0/1) 
• • Number of years of geometry by grade 12 (0.3) 
• • Number of years of calculus by grade 12 (0.3) 

Number of students 5.080 5.198 4,953 

School-level variables 

Student body characteristics 

Percent black (0.100) 
Percent Hispanic (0.100) 
SES level 

• • 

• * 

•• 

• • 

* *

• • 

School resources 

Number of students 
Student/teacher ratio 
Instructional funds/student (1-9) 
Microcomputers/student 
Percent students using computer (0-100) • 

Classroom instructional methods 

In math class. how often: 
Work in small groups (14) 
Work with objects (1-5) 
Do problems on worksheets (1.5) 
Do problems from textbook (1-5) 
Take math tests (1-5) 
Use calculator (1-5) 
Use computer (1.5) 
Write math proofs (1.5) 
Formulate own problems (1.5) 

• 

• 

• 

• 

• 

• 

• 

• • 

School climate: Math attitudes 

Math is useful (-1.+1) 
Enjoy and feel competent in math (-1-4.1) 
Math not more for boys (0.1) • 

• 
• 

• 
• 



Table 7.1.—Significant results of conditioning and nonconditioning student-level and 
school-level variables, by grade: 1990—Continued 

	Variable 
Significant Variables 
	Grade 4 	Grade 8 Grade 12 

School climate: Student behavior and safety 

Problems in the school (0.3) 
Percent enrolled full year (0.100) 
Average days absent In month 	
Students feel classes often disrupted (1.4) 
Students feel unsafe at school (1.4) 

• 

School climate: Academic expectations 

lnstruction/week In math (1.5) 
Math special priority (0/1) 
Mean composite math score 	
Percent taking algebra in grade 8 (0.1) 	
Percent of grade 12 in academic/college track 	
Average number years of calculus by grade 12 

• • 
 *  *
*  *

	Number of schools 	257 	174 186 

lAfncan•American, Hispanic. and Native American students were compared to white and Asian-American. 

NOTES: Conditioning variables and their results are shown in bold. •• probability S .01; • probability S .05. 

SOURCE: U.S. Department of Education. National Center for Education Statistics. National Assessment of 
Educational Progress. 1990 NAEP: Math Assessment of 4th. 8th. and 12th Grade Students, Restricted-Use Data 
Base. 

E. Recommendations for further research, use of HLM, and NAEP 

Further research 

This study is only the beginning of a detailed analysis of the relationships between 
gender, race-ethnicity, and achievement using HLM and NAEP data. For example, only 
main effects were tested in this study in order to keep the interpretations as clear as 
possible. However, the next stage of this research could examine the interaction of race-
ethnicity with both SES and gender using either interaction terms or separate models for 
subgroups. For instance, instead of predicting average achievement in schools, examining 
the average achievement of the female and male students separately might be a more 

66 productive way to measure and predict gender differences In addition, further research 
can investigate such areas as the associations between SES and attitudes towards math and 
between attitudes towards math and course-taking patterns. 

66Sample sizes are too small to test a separate HLM model for most race-ethnicity subgroups. 



This study also identifies areas that can be further investigated using more qualitative 
research methods. For instance, the associations found between types of instructional 
methods and the gender and race-ethnicity gaps need to be confirmed and explained in 
observational studies. Furthermore, the complex relationships between SES, gender, race-
ethnicity, instruction, and attitudes towards math that result in the channeling of female, 
African-American, and Hispanic students into lower level math courses and achievement 
need to be identified and described using a combination of quantitative and qualitative 
methods. 

Limitations on research questions using HLM 

HLM allows researchers to ask the question, what school-level characteristics are 
associated with gender and race-ethnicity gaps in math achievement? If more of these 
school factors can be identified with HLM and then qualitatively shown to have a direct 
affect on achievement, then these factors can be altered within schools. To this end, HLM 
allows analysts to use correlational tests to identify the types of schools that have a higher 
or lower gender or race-ethnicity gap in achievement. However, only qualitative or 
experimental research can identify any causal relationships. 

In the future, large datasets may be designed as evaluation and/or experimental 
studies in to answer the question: What is the effect of a particular intervention technique on 
either average achievement or on the gender or race-ethnicity gap? Unfortunately, HLM 
cannot be used to evaluate individual programs or schools because the model "borrows" 
information from all schools and then "shrinks" the estimates of the smaller schools 
towards the means of larger, similar schools.67 Therefore, appropriate caveats should be 
included in all HLM research that might have causal or evaluative implications. 

Recommended changes to NAEP 

In many ways this study came up against the limits of the use of NAEP data for 
studying school-level correlates of achievement and of gender and race-ethnicity differences 
in achievement. While many excellent indicators were included in NAEP, their presence led 
to a desire for more and even better measures. 

First, using a cross-sectional study of students in schools to find the association of 
school or classroom factors with student achievement limited the meaningful association, if 
not the statistical association of these variables. In order to relate classroom activities, 
teacher characteristics, and student achievement while controlling for previous 
achievement, within-classroom samples are needed. In addition, academic growth during a 
school year needs to be measured. Being able to predict improvement from the beginning to 
the end of a school year or from Spring to Spring would provide more accurate dependent 
variables. Although testing twice a year would be prohibitive for NAEP, the recording of 
students' previous test scores or grades might be possible in order to have at least one 
measure of achievement gains relative to other students from year to year. 

If classroom samples are possible, additional variables that are more closely tied to 
instruction are needed. Reducing the level of missing values in the classroom-level 
variables and adding other variables reported by teachers would be a good start to 
measuring the ranges in types of instruction. In particular, while classroom instructional 

67See the review of this and other limitations of HLM in C.L. Arnold. "An Introduction to Hierarchical 
Linear Models." Measurement and Evaluation in Counseling and Development 25 (2)(Iuly 1992): 83-84. 
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methods are hypothesized as key variables in how females and minority students learn, 
they need to be measured at a more specific level, including such factors as the amount of 
time that a student discusses math problems. In addition, more information is needed about 
the teachers' interactions with each student, and the student's interactions with other 
students in groups and during other instructional methods. 

Although classroom samples and interactions may be beyond the scope of NAEP, 
other more descriptive information such as the gender and race-ethnicity distribution in 
classrooms, especially in grade 12 geometry and calculus and in instructional/work groups, 
would add valuable information. While there were some teacher gender and race-ethnicity 
characteristics that could have been used for role model availability, in most grades these 
teacher and classroom-level variables had too many missing values to be useful. Insuring 
that these variables are not missing, and adding some teacher variables about mentoring and 
interactions with specific students would make this information more useful. 

In order to address the issue of missing values in the teacher variables, either 
information on the missing values or more successful teacher data collection is necessary. 
As mentioned in the introduction to this report, it was not clear whether too few teachers 
had been sampled, too few students were taking math, or too few teachers had responded. 
Likewise, more information on the selection, derivation, validity, and reliability of the 
student background, classroom, and school climate questions would be helpful and would 
contribute to an understanding of what these variables actually measure. 

Finally, the use of plausible values, particularly those that have been conditioned with 
student and school variables, is still somewhat mystifying to researchers using NAEP data 
to identify student and school correlates of achievement. Although the conditioning 
procedure has been justified in several technical articles, and the use of conditioning 
variables was an important aspect to this study, it is a very confusing concept to explain to 
new users of NAEP. It would be helpful to have a non-technical explanation of how it is 
possible to create an estimated outcome variable with predictors, put those predictors into 
regression equations to explain variance on that outcome variable, and expect to find 
significant results. In addition, there is nothing written on the procedure of aggregating 
student-level conditioning variables to the school level and the effect of using these as 
school-level predictors on the results. That procedure was followed in this study with some 
assurances from statisticians that this was correct, but there was nothing written to prove it. 
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Table Al —Average within-school parameters of grade 4 math achievement 

WITHIN-SCHOOL PARAMETERS Gun= Standwd 
 coefficient1  error2  Value3 

INTERCEPT (AVG. ACHIEVEMENT) 211.33 1.06 199.96" 
GENDER BETA COEFFICIENT •1.46 0.79 -1.84t 
RACE-ETHNICITY BETA COEFFICIENT -14.74 1.00 -14.78" 
SES BETA COEFFICIENT 6.20 0.63 9.78" 

Parameter Degrees of Chi-square test 
Random within-school parameters  Reliability4  variance (Tau)3 freedom  of Taus 06 

INTERCEPT (AVG. ACHIEVEMENT) 0.90 235.98 217 1905.08" 
GENDER BETA COEFFICIENT 0.15 23.03 217 252.98• 
RACE•ETHNICITY BETA COEFFICIENT 0.07 21.41 217  254.021 

'Avail/ of Ave Gamma values. See technical notes for more information. 
=Average of Ave standard snot values plus standard error of the Ave Gammas. See technical notes for more information. 
3Gamma divided by standard error. Probabilities based on a two-tailed test. 
4Puametet variance divided by total variance. Average of five reliability values. 
3Average of Ave parameter variance values. 
°Average of Ave Chi-square tests. 

NOTE: •• probability g .01; • probability g .03. • probability g .10. 

SOURCE: U. S Depsnmem of Education. National Center for Education Statistics. National Assessment of Educational 
Progress. 1990 NAEP. Math Assessment of 4th Grade Students. Restricted•Use Data Base. 



Table A2.-Student body characteristics predictors of student-level parameters of grade 4 math achievement 

WITHIN-SCHOOL PARAMETERS Gamma Standard 
Ilmween-school predictors coefficient snort  Value3 

INTERCEPT (AVG. ACHIEVEMENT) 
bumps 212.17 0.95 22419" 
Poem African-American -3.00 0.87 4.74" 
Percent Hispanic -0.97 0.86 -1.12 
Sweat body race-ethnicity unknown 7.18 5.92 1.21 
Average SES 3.01 0.97 3.18" 

GENDER BETA COEFFICIENT 
booms -1.39 0.80 -1.74t 
Peacoat African-American -0.24 0.80 -0.30 
Percent Hispanic 0.14 0.82 0.17 
Student body race-ethnicity unknown -4.37 5.44 -0.80 
Average SES 1.39 1.03 1.35 

RACE-ETHNICITY BETA COEFFICIENT 
Intercept -14.76 1.04 -I4.14•• 
Percent African-American -0.10 1.55 -0.06 
Percent Hispanic 0.33 1.13 0.47 
Student body race-ethnicity unknown -5.43 6.02 -0.90 
Average SES 0.79 1.24 0.64 

SES BETA COEFFICIENT 
Intercept 6.18 0.63 9.77" 

Parameter Degrees of . Chi-square test 
Random within-school parameters  Reliability4 variance (Tat)S freedom  of Tau > 06 

INTERCEPT (AVG. ACHIEVEMENT) 0.86 166.91 213 1498.54" 
GENDER BETA COEFFICIENT 0.13 22.37 213 249.95* 
RACE-ETHNICITY BETA COEFFICIENT 0.06 15.97 213 253.00 

)Average of five Gamma values. See technical notes for more information. 
2Average of five standard error values plus standard error of the five Gammas. See technical notes for more information. 
3Oamma divided by standard error. Probabilities based on a two-tailed test. 
4Parameter variance divided by total variance. Average of five reliability values. 
5Average of five parameter variance values. 
6Average of five Chi-square tests. 

NOTE: •• probability 	.01; • probability g .0S; t probability g .10. 

SOURCE: U. S. Department of Education. National Center for Education Statistics. National Auessmem of Educational 
Progress. 1990 NAEP: Math Assessment of Ith Grade Students. Restricted-Use Data Base. 



Table A3a.-School resources predicton of student-level parameters of grade 4 math achievement 

WITHIN-SCHOOL PARAMETERS Gamma Standard 
Between-school predictors coefficient' marl  Value3 

INTERCEPT (AVG. ACHIEVEMENT) 
Imam 213.12 0.97 218.79•• 
Paces* African-American -4.69 0.91 -5.14•• 
Peron Hispanic -0.18 0.92 -0.19 
Student body race-ethnicity unknown 8.72 6.94 1.26 
Average SES 5.07 0.97 5.21•• 
School size (number of students) •1.34 0.95 -1.41 
Sordniteetherrauo -1.36 0.97 -1.41 
Sondem/teacher ratio unknown -2.54 9.10 -0.28 
District insuuctional funds/student -0.68 0.97 -0.71 
District funds/student unknown 0.33 8.70 0.04 

GENDER BETA COEFFICIENT 
Intercept -1.56 0.82 •1.90t 
Percent African-American -0.29 0.87 -0.34 
Percent Hispanic -0.21 0.88 -0.24 
Student body race-ethnicity unknown -4.93 6.14 -0.80 
Avenge SES 1.49 1.04 1.44 
School size (number of students) 1.14 0.92 1.23 
	StudenUteacha ratio . 0.41 0.90 0.46 

Student/teacha rauo unknown 1.57 7.73 0.20 
District insuuctional funds/uudent -0.47 0.94 -0.30 
District funds/student unknown -0.38 7.10 -0.03 

RACE•ETHNICITY BETA COEFFICIENT 
Intercept -14.69 1.11 -13.26•• 
Percent African-American 0.45 1.68 0.27 
Percent Hispanic 0.63 1.21 0.52 
Student body race-ethnicity unknown -4.60 7.18 -0.64 
Average SES 0.99 1.23 0.81 
School size (number of students) -0.61 1.29 -0.47 
Studentheacha ratio 0.96 1.06 0.90 
Student/teacher ratio unknown -3.23 9.67 -0.33 
District instructional funds/student -1.34 1.26 -1.07 
District funds/student unknown 2.31 8.84 0.26 

SES BETA COEFFICIENT 
Intercept 6.20 0.63 9.77•• 

Parameter Degrees of Chi-square test 
Random within•school parameters  Reliability4  variance (Tau)5 fmedom  of Tau > 06 

INTERCEPT (AVG. ACHIEVEMENT) 0.86 166.48 208 1493.37•• 
GENDER BETA COEFFICIENT 0.15 22.24 208 245.72• 
RACE-ETHNICITY BETA COEFFICIENT 0.08 21.82 208 252.08• 

'Average of five Gamma values. See technical notes for more information. 
2Averep of five standard error values plus standard error of the five Gammas. See technical notes for more information. 
543amma divided by standard error. Probabilities based on a two-tailed test. 
"Parameter variance divided by total variance. Average of five reliability values. 
5Average of Ave parameter variance values. 
'Average of five Chi-square tests. 

NOTE: •• probability .g .01; • probability £ .05; t probability g .10. 

SOURCE: U. S. Department of Education. National Center for Education Statistics National Assessment of Educational 
Progress 1990 NAEP. Math Assessment of 4th Grade Students. Restricted-Use Data Base. 



Table A3b.-Detailed schodl resources predictors of student-level parameters of grade 4 math achievement 

WITHIN-SCHOOL PARAMETERS Gamma &mind 
Between-school predictors coefficient' wort Value3 

INTERCEPT (AVG. ACHIEVEMENT) 
Inweept 213.30 1.04 204.34** 
Pennon African-American -4.09 0.95 428" 
Percent Hispanic -0.35 0.92 -0.38 
Student body race-ethnicity unknown 8.21 6.93 1.18 
Average SES 5.07 0.98 5.16" 
School size (number of students) -1.33 1.03 -1.29 
Studentheacher ratio -1.58 0.97 -1.62 
Studentheacher ratio unknown -2.72 9.02 -0.30 
District iBlIMICti011.1 fundshtudent -0.71 0.97 -0.74 
District fundt/student unknown -0.23 8.65 -0.03 
Computers per student -0.83 0.90 -0.92 
Computers per student unknown 4.02 3.42 1.17 
Percent use computers as pan of math law. 2.36 1.04 2.26' 
Percent using computers unknown -9.17 4.25 -2.16' 

GENDER BETA COEFFICIENT 
Intercept -1.45 0.91 -1.59 
Percent African-American -0.62 0.91 -0.68 
Percent Hispanic -0.33 0.91 -0.36 
Student body race-ethnicity unknown -5.12 6.18 -0.83 
Average SES 1.65 1.05 1.56 
School sin (number of students) 1.77 1.01 1.761 
Studentheacher ratio 0.71 0.92 0.77 
Snidentheacher ratio unknown 1.21 7.70 0.16 
District insuuctional funds/student -0.27 .095 -0.28 
District funds/student unknown -0.33 7.07 -0.05 
Computers per student 1.58 0.82 1.93t 
Computers per student unknown -1.40 3.24 -0.43 
Percent use computers as part of math Instr. -1.43 0.92 -1.56 
Percent using computers unknown 0.94 3.84 0.25 

RACE-ETHNICITY BETA COEFFICIENT 
Intercept -14.75 1.26 -11.74" 
Percent African-American 0.18 1.63 0.11 
Percent Hispanic 0.66 1.21 0.54 
Student body race-ethnicity unknown -5.48 7.30 -0.75 
Avenge SES 1.25 1.24 1.01 
School size (number of students) -0.02 1.40 -0.02 
Studentheacher ratio 1.28 1.08 1.18 
Studenduracher ratio unknown -3.58 9.51 -0.38 
District histnictional funds/student -1.07 1.26 -0.84 
District funds/student unknown 2.75 8.80 0.31 
Computers per student 1.53 1.02 1.50 
Computers per student unknown -0.30 4.25 -0.07 
Percent use computers as part of math instr. -1.52 1.25 -1.22 
Percent urine computers unknown 0.89 4.72 0.19 

SES BETA COEFFICIENT 
Intercept 6.19 0.63 9.77" 



Table A3b.—Detailed school resources predictors of student-level parameters of grade 4 math achievement—Continued 

	Parma,/ Degrees of 	Chi-square teat 
Random within-school parameters            Reliability4 	variance (Tau)S 	Radom  of Tau > 06 

INTERCEPT (AVG. ACHIEVEMENT) 0.86 162.09 204 1472.97•• 
GENDER BETA COEFFICIENT 0.14 21.82 204 239.29• 
RACE•ETHNICITY BETA COEFFICIENT 0.06 16.06 204 244.11t 

Inversee of five Gamma values. See technical notes for more information. 
2Average of Ave standard error values plus standard error of the five Gammas. See technical notes for more information. 
3Osmma divided by standard error. Probabilities based on a two.talbd test. 
4Poranteter variance divided by soul variance. Average of Ave reliability Woes. 
SAverage of Ave parameter variance values. 
6Average of Ave Chi-square tests. 

NOTE: •• probability .g .01; • probability g .05; t probability g .10. 

SOURCE' U. S Department of Education. National Center for Education Statistics. National Asseument of Educational 
Prioress. 1990 NAEP. Math Assessment of 4th Grade Students. Restricted•Use Data Base. 



Table A4.-Clusroom instrucdonal methods predictors of student-level parameters of grade 4 math achievement 

WITHIN-SCHOOL PARAMETERS Gamma Standmd 
Batmen-school predictors coefficient I  mror2  Value, 

INTERCEPT (AVG. ACHIEVEMENT) 
Iniercept 213.04 0.91 233.07" 
Penal Afeimn-American -4.70 0.93 -5.04" 
Pretest Hispanic -0.41 0.87 -0.55 
Student body ace-ethnicity unknown 5.97 3.80 1.03 
Average SES 1.83 0.96 3.04" 
Work is small groups -1.31 0.95 -1.38 
Work with objects 1.96 0.97  2.020 
Do problems on worksheets 0.05 1.01 0.05 
Do problem from textbook 2.74 0.96 186" 
Take math tests -1.30 1.02 -1.28 
Use computer 0.96 0.88 1.09 
Use calculator -2.12 0.93 -2.23° 

GENDER BETA COEFFICIENT 
Ineercept -1.41 0.81 -1.70 
Percent African-American -0.67 0.90 -0.75 
Percent Hispanic -0.33 0.86 -0.38 
Student body race-ethnicity unknown -4.66 5.53 -0.84 
Average SES 1.17 1.07 1.09 
Work in small groups 1.23 0.87 1.42 
Work with objects -0.31 0.96 -0.32 
Do problems on worksheets -1.73 0.93  -1.861 
Do problems from textbook -0.03 0.93 -0.04 
Take math tests -0.26 0.94 -0.28 
Use computer -0.37 0.85 -0.44 
Use calculator 0.59 0.96 0.61 

RACE-ETHNICITY BETA COEFFICIENT 
-14.69 1.04 -14.16" 

Percent African-American 0.56 1.55 0.36 
Percent Hispanic 1.26 1.18 1.07 
Student body race-ethnicity unknown -3.82 6.40 -0.60 
Average SES 0.84 1.20 0.70 
Work in small groups 0.47 1.11 0.42 
Work with objects -0.86 1.23 -0.70 
Do problems on worksheets 2.63 1.28 2.05' 
Do problems from textbook 1.00 1.14 0.88 
Take math tests -0.52 1.27 -0.41 
Use computer -0.97 1.11 -0.88 
Use cakulator -0.54 1.39 -0.39 

SES BETA COEFFICIENT 
Immix 6.19 0.64 9.69" 

Parameter Degrees of Chi-square test 
Random within-school parameters  Reliability4  variance (Tau)5 freedom  of Tau > 06 

INTERCEPT (AVG. ACHIEVEMENT) 0.85 152.19 206 1363.43" 
GENDER BETA COEFFICIENT 0.15 23.60 206 243.28° 
RACE-ETHNICITY BETA COEFFICIENT 0.06 14.37 206 246.94t 

/Average of five Gamma values. See technical notes for more information. 
2Average of five standard error values plus standard error of the five Gammas. See technical notes for more information. 
3Gamma divided by standard error. Probabilities based on a two-tailed test. 
4/Parameter variance divided by total variance. Average of five reliability values. 
5Averase of five parameter variance values. 
6Average of five Chi-square tests. 

NOTE: " probability .1 .01; • probability s .05; $ probability g .10 . 

SOURCE. U. S. Department of Education. National Center for Education Statistics. National Assessment of Educational 
Progress. 1990 NAEP: Math Assessment of 4th Grade Students. Restricted-Use Data Base. 



Table A5.-School climate (math attitudes) predictors of student-level parameters of grade 4 math achievement 

WITHIN-SCHOOL PARAMETERS Game Standard 
Between-school redactors coefficient  error2  Value3 

INTERCEPT (AVG. ACHIEVEMENT) 
latercep 213.02 0.94 226.89" 
Percent Afncsm-Americws 4.59 0.89 -5.17" 
Percent Hispanic -0.90 0.85 -1.06 
Student body race-ethnicity urimiovni 5.92 5.96 0.99 
Average SES 3.71 1.07 3.47" 
Students feel math is useful 1.44 1.00 1.43 
Students enjoy and feel competent in math 1.26 0.96 1.31 
Students disagree that meth is more for boys 1.92 1.03  1.861 

GENDER BETA COEFFICIENT 
Intercept -1.40 0.81 -1.73t 
Percent African-American -0.13 0.81 -0.16 
Percent Hispanic 0.05 0.83 0.06 
Student body race-ethnicity unknown -3.07 5.55 -0.55 
Average SES 1.11 1.23 0.90 
Students feel math is useful 1.31 0.95 1.38 
Students enjoy and feel competent in math 0.56 1.01 0.56 
Students disagree that math is more for boys -0.67 0.96 -0.69 

RACE-ETHNICITY BETA COEFFICIENT 
Immo -14.76 1.07 -13.79" 
Percent African-American -0.25 1.54 -0.16 
Percent Hispanic 0.62 1.13 0.55 
Student body race-ethnicity unknown -6.40 6.24 -1.03 
Average SES 1.39 1.38 1.01 
Students feel math is useful -1.70 1.15 -1.48 
Students enjoy and feel competent in math -017 1.13 -0.77 
Students disagree that math is more for boys 0.10 1.16 0.09 

SES BETA COEFFICIENT 
Intercept 6.20 0.63 9.80" 

Parameter Degrees of Chi-square test 
Random within-school parameters  Reliability4  variance (Tau)5 freedom  of Tau > 06 

INTERCEPT (AVG. ACHIEVEMENT) 0.86 163.15 210 1432.77** 
GENDER BETA COEFFICIENT 0.15 22.88 210 245.90' 
RACE-ETHNICITY BETA COEFFICIENT 0.08 19.95 210  248.931 

'Average of five Gamma values See technical notes for more information. 
2Average of five standard error values plus standard error of the five Gammas. See technical notes for more information 
3Garnms divided by standard error. Probabilities based on a two-tailed test. 
4Pwarneter variance divided by total variance. Average of five reliability values. 
SAversge of five parameter variance values. 
6A muse of five Chi-squen tests. 

NOTE: •• probability s .01; • probability s .05; * probability s .10. 

SOURCE: U. S. Department of Education. National Center for Education Statistics. National Assessment of &locations! • 
Progress. 1990 NAEP Math Assessment of 4th Grade Students. Restricted-Use Data Base. 



Table A6.-School climate (math attitudes and student behavior and safety) predictors of student-level parameters 
of grade 4 math achievement 

WITHIN-SCHOOL PARAMETERS Gamins &ended 
Between•adrool predictors coefficient  error2  Value3 

INTERCEPT (AVG. ACHIEVEMENT) 
biuseept 
Poem African-Americrut 

213.61 
-4.27 

0.97 
0.90 

220.75•• 
-4.73•• 

Patent Hispanic 
Student body race-ethnicity unknown 
Average SES 
Students feel math is useful 

-0.79 
4.99 
3.59 
1.47 

0.86 
5.96 
1.09 
1.01 

-0.92 
0.84 
3.29•• 
1.46 

Students enjoy and feel competent in math 1.47 0.97 1.51 
Students disagree that tnath is more for boys 2.04 1.03 1.99• 
Index of problems in the school -0.59 0.91 -0.65 
Index of problems unknown 
Percent students enrolled all year 

-8.30 
0.64 

10 55 
0.97 

-0.78 
0.66 

Percent enrolled unknown 0.06 13.24 0.01 

GENDER BETA COEFFICIENT 
Inurcept 
PaCial African-American 

-1.51 
-0.19 

0.86 
0.83 

.1.76t 
-0.22 

Percent Hispanic 
Student body race-ethnicity unknown 

0.14 
-2.99 

0.85 
5.55 

0.17 
-0.54 

Average SES 1.24 1.27 0.98 
Students feel math is useful 1.14 0.96 1.19 
Students enjoy and feel competent in math 0.72 1.01 0.72 
Students disagree that math a more for boys -0.73 0.97 -0.75 
Index of problems in the school 0.67 0.88 0.76 
Index of problems unknown 5.78 10.88 0.53 
Percent students enrolled all year 1.45 0.91 1.60 
Percent strolled unknown -4.36 10.29 -0.42 

RACE-ETHNICITY BETA COEFFICIENT 
Intercept -14.93 1.15 -12.93•• 
Percent African-American -0.20 1.51 -0.14 
Percent Hispanic 0.68 1.12 0.61 
Student body race-ethnicity unknown -6.52 6.35 -1.03 
Average SES 1.17 1.35 0.87 
Students feel math is useful .1.81 1.14 •1.58 
Students enjoy and feel competent in math -0.89 1.12 -0.79 
Students disagree that math is more for boys -0.03 1.17 -0.02 
Index of problems in the school -0 R3 1.18 -0.70 
Index of problems unknown 1.30 21.74 0.06 
Percent students enrolled all year 0.19 1.38 0.14 
Percent enrolled unknown 2.03 21.39 0.09 

SES BETA COEFFICIENT 
Intercept 6.19 0.63 9.78•• 

Parameter Degrees of Chi-square test 
Random within-school parameters  Reliability4  variance (Tau)3 freedom  of Tau > 06 

INTERCEPT (AVG. ACHIEVEMENT) 0.86 161.98 206 1428.49•• 
GENDER BETA COEFFICIENT 0.15 22.44 206 241.69• 
RACE-ETHN1CITY BETA COEFFICIENT 0.07 18.32 206 246.81t 

I Aversie of Ave Gamma values. See technical notes for more information 
2Averale of five standard error value► plus standard error of the five Gammas. See technical notes for more information. 
3Gamma divided by standard error. Probabilities based on a two-tailed test. 
4Parameter variance divided by total variance. Average of five reliability values. 
SAverage of five parameter variance values. 
6Average of five Chi-square tests. 

NOTE: •• probability g .01; • probability g 	$ probability g .10. 

SOURCE: U. S. Depanment of Education. National Center for Education Statistics. National Assessment of Educational 
Progress. 1990 NAEP. Math Assessment of 4th Grade Students. Restricted-Use Data Base. 



Table A7.-School climate (math attitudes and academic expectations) predictors of student-level parameters of 
grade 4 math achievement 

WITHIN-SCHOOL PARAMETERS Gamma Standard 1 
Between-school predictors coef icientl  annr2 Value; 

INTERCEPT (AVG. ACHIEVEMENT) 
Intercept 213.75 0.98 217.80•• 
Percent African-American -4.15 0.90 -4.59•• 
Percent Hispanic -0.83 0.85 -0.98 
Student body race-ethnicity unknown 5.34 5.96 0.90 
Average SES 3.75 1.07 3.51** 
Students feel math is useful 1.55 1.01 1.54 
Students enjoy and feel competent in math 1.43 0.98 1.47 
Students disagree that math is more for boys 2.07 1.04 2.00• 
Amount of instruction In math -0.24 0.94 -0.25 
Amount of instruction unknown -4.43 5.53 -0.80 
Math identified as a special priority -0.33 0.97 -0.54 
Math special priority unknown -4.17 4.87 -0.86 

GENDER BETA COEFFICIENT 
lawn* -1.42 0.91 -1.57 
Percent African-American -0.50 0.94 -0.53 
Paces Hispanic -0.02 0.83 -0.03 
Student body race-ethnicity unknown -3.73 5.62 -0.66 
Average SES 1.33 1.33 1.00 
Students feel math is useful 1.32 0.97 1.36 
Students enjoy and feel competent in math 0.69 100 0.69 
Students disagree that math is more for boys -0.64 0.99 -0.65 
Amount of insuuction in math 0.66 0.92 0.72 
Amount of instruction unknown 0.21 5.06 0.04 
Math identified as a special prionty -1.02 0.86 -1.18 
Math special priority unknown 0.57 5.31 0.11 
Mean composite math score of grade sample -0.83 1.23 468 

RACE-ETHNICITY BETA COEFFICIENT 
Intercept -15.00 1.19 •12.60•• 
Percent African-American -0.60 1.64 -0.37 
Percent Hispanic 0.53 1.12 0.47 
Student body race-ethnicity unknown -7.66 6.25 -1.22 
Average SES 1.28 1.50 0.85 
Students feel math is useful -1.98 1.18 -1.67t 
Students enjoy and feel competent in math -0.78 1.16 -0.67 
Student: disagree that math is more for boys 0.13 1.20 0.11 
Amount of instruction in math 1.88 1.11  1.691 
Amount of instruction unknown 1.78 6.53 0.27 
Math identified as a special priority -0.32 1.19 -0.27 
Math special priority unknown 2.53 6.23 0.41 
Mean composite math score of grade sample -0.36 1.68 -0.22 

SES BETA COEFFICIENT 
Intercept 6.17 0.63 9.77•• 



Table A7.—School climate (math attitudes and academic expectations) predictors of student-level parameters of
grade 4 math achievement—Continued 

	Parameter 	Degrees of Chi-square test 
Random within-school parameters 	Reliability4 	variance (Tau)S 	betdom  of Tau > 06 

INTERCEPT (A'VG ACHIEVEMENT) 0.86 161.12 206 1422.89" 
GENDER BETA COEFFICIENT 0.15 22.03 205 242.47* 
RACE-ETHNICITY BETA COEFFICIENT 0.04 10.77 205 244.64t 

'Avow al five Gamma values. See technical notes for more information. 
2Average of Ave standard error values plus standard error of the five Gammas. See technical notes for more information . 

3Garams divided by standard error. Probabilities based on a two-idled test. 
4Parameter variance divided by total variance. Average of five reliability values. 
5Average of five parameter variance values 
'Average of Ave Chi-square tests. 

NOTE: 0, probability g .01; • probability g .05; t probability g .10. 

SOURCE U S Department of Education. National Center for Education Statistics, National Assessment of Educational 
Progress. 1990 NAEP. Math Assessment of 4th Grade Students. Restricted-Use Data Base. 



Table A8.—Average within-school parameters of grade 4 geometry achievement 

WITHIN-SCHOOL PARAMETERS Gonna &indeed 
coefficient'  arror2  Value3 

INTERCEPT (AVG. ACHIEVEMENT) 213.13 1.09 195.28•• 
GENDER BETA COEFFICIENT -0.14 1.05 -0.14 
RACE-ETHNICITY BETA COEFFICIENT -12.48 1.19 -10.76•• 
SES BETA COEFFICIENT 4.53 0.79 3.70•• 

Parameter Degrees of Chi-square test 
Random within-school parameters             Reliability4  variance (Tau)5 fiefdom  of Tau w 06 

INTERCEPT (AVG. ACHIEVEMENT) 0.88 252.61 217 1570.89•• 
GENDER BETA COEFFICIENT 0.11 40.06 217 243.13 
RACE-ETHNICITY BETA COEFFICIENT 0.07 23.66 217 240.76t 

'Avenge of five Gamma values. See technical notes for more iPforrnation. 
2Average of live standard error values plus standard error of the five Gammas. See technical notes for more information. 
3Osmma divided by standard error. Probabilities based on a two-tailed test. 
/Parameter variance divided by total variance. Average of five reliability values. 
SAversge of five parameter variance values. 
6Average of five Chi-square tests. 

NOTE: •• probability .g .01: • probability s .05: t probability s .10. 

SOURCE: U. S. Department of Education. National Center for Education Statistics. National Assessment of Educational 
Progress. 1990 NAEP: Math Assessment of Ith Grade Students. Restricted-Use Data Base. 



Table A9.-Student body characteristics predictors of student-level parameters of grade 4 geometry achievement 

WITHIN-SCHOOL PARAMETERS Gamma Standen! 
Ben men-school redactors coefficient'  error2  Value3 

INTERCEPT (AVG. ACHIEVEMENT) 
Imam 214.64 1.01 213.12" 
Patent Africao-American -3.00 0.92 -5.42" 
Paces Hispanic -1.25 0.93 -1.35 
Student body race ethnicity unknown 6.14 6.41 0.96 
Average SES 4.81 1.07 4.50" 

GENDER BETA COEFFICIENT 
lawmen -0.04 1.14 -0.04 
Percent African-Amaican -0.25 0.95 -0.26 
Percent Hispanic 
Student body race-ethnicity unknown 

0.07 
-5.36 

1.04 
8.38 

0.06 
4.64 

Average SES 1.54 1.06 1.46 

RACE-ETHNICITY BETA COEFFICIENT 
Inseams -12.84 1.24 -10.37" 
Percent African-American -0.53 1.59 -0.33 
Percent Hispanic 
Student body race-ethnicity unknown 

0.57 
-5.38 

1.28 
7.83 

0.45 
-0.69 

Average SES 0.56 1.64 0.34 

SES BETA COEFFICIENT 
bump! 4.51 0.79 5.71" 

Parameter Degrees of Chi-square test 
Random within-school parameter  Reliability4  variance (Tau)5 freedom 	of Tau  06 

INTERCEPT (AVG. ACHIEVEMENT) 0.84 185.33 213 1309.85" 
GENDER BETA COEFFICIENT 0.17 37.28 213 240.29 
RACE-ETHNICITY BETA COEFFICIENT 0.12 42.29 213 237.16t 

'Average of five Gamma value►. See technical notes for more information. 
2Average of five standard error values plus standard error of the five Gammas. See technical notes for more information. 
3G/stuns divided by standard error. Probabilities based on a two-tailed test. 
11Paranseser variance divided by total variance. Average of five reliability values. 
5Average of five parameter variance values. 
6Average of five Chi-square tests. 

NOTE: " probability .01; • probability g .05; • probability t .10. 

SOURCE• U. S. Department of Education. National Center for Education Statistics. National Assessment of Educational 
Progreso'. 1990 NAEP; Math Assessment of 4th Grade Students. Restricted-Use Data Base. 



Table Al0a.-School resources predictors of student-level parameters of grade 4 geometry achievement 

WITHIN-SCHOOL PARAMETERS Gamma Standard 
Between-school predictors coefficient' error= Val& 

INTERCEPT (AVG. ACHIEVEMENT) 
insets 214.96 1.03 209.32" 
Peicent African-American -434 0.96 -4.72e* 
remits Hispanic -0.35 1.01 -0.34 
Student body race-ethniciry unknown 811 7.51 1.15 
Avenge SES 4.92 1.07 4.58" 
School size (number of students) -1.56 1.09 -1.44 
Studentheaclwx ratio -1.29 1.08 -1.19 
Student/teacher ratio unknown -7.81 912 -0.80 
Muria instructional funds/student -1.09 1.04 -1.05 
District funds/student unknown 3.86 9.44 0.41 

GENDER BETA COEFFICIENT 
Intercept -0.10 1.17 -0.08 
Percent African-American -0.45 1.04 -0.43 
Percent Hispanic -0.18 1.10 -0.16 
Student body race-ethnicity unknbwn -4.96 9.28 -0.53 
Average SES 1.48 1.10 1.34 
School size (number of students) 0.96 1.49 0.65 
Student/teacher ratio -0 04 1.11 -0.04 
Student/teacher ratio unknown -1.97 9.78 -0.20 
District instructional funds/student 0.33 1.25 0.27 
District hinds/student unknown 1.75 8.98 0.20 

RACE-ETHNICITY BETA COEFFICIENT 
Intercept -12.97 1.32 -9.82" 
Percent African-American 0.01 1.66 0.01 
Percent Hispanic 0.43 1.35 0.32 
Student body race-ethnicity unknown -7.76 9.60 -681 
Average SES 0.92 1.59 0.58 
School size (number of students) 0.02 1.46 0.01 
Studemheacher ratio 1.31 1.33 0.99 
Student/teacher ratio unknown 8.61 12.87 0.67 
District instructional funds/student -2.05 1.92 -1.07 
District funds/student unknown -5.74 11.87 -0.48 

SES BETA COEFFICIENT 
Intercept 4.55 0.79 5.79" 

Parameter Degrees of Chi-square test 
Random within-school parameters  Reliability 4  variance (Tau)5 freedom  of Tau > 06 

INTERCEPT (AVG. ACHIEVEMENT) 0.84 183.43 208 1290.52" 
GENDER BETA COEFFICIENT 0.18 39.60 208 239.70 
RACE-ETHNICITY BETA COEFFICIENT 0.13 46.09 208 • 232.83t 

'Average of five Gamma values. See technical notes for more information. 
2Average of live standard error values plus standard error of the five Gammas. See technical notes for more information. 
'Gamma divided by standard error. Probabilities based on a two-tailed test. 
'Shames's variance divided by total variance. Average of five reliability values. 
SAverage of five parameter valiance values. 
Average of five Chi-square tests. 

NOTE: •• probability .1 .01: • probability t .0S: t probability s .10. 

SOURCE: U. S. Depanment of Education. National Center for Education Statistics. National Assessment of Educational 
Progress. 1990 NAEP. Math Assessment of Ith Grade Students. Restncted-Use Data Base. 



Table Al Ob.-Detailed school resources predictors of student-level parameters of grade 4 geometry achievement 

WITHIN-SCHOOL PARAMETERS Ganuns Standard 
Between-school predictors coefficient1 eeror2 Value3 

INTERCEPT (AVO. ACHIEVEMENT)
humps 
Paten Aftican-Amencan 

215.23 
-3.86 

1.12 
1.01 

192.59" 
-3.82" 

Percent Hispanic 
Student body race-ethnicity unknown 

-0.60 
8.01 

1.02 
7.46 

-0.58 
1.07 

Average SES 
School size (number of students) 

4.93 
-1.40 

1.08 
1.16 

4.58" 
-1.20 

Student/teacher ratio 
Studentheacher ratio unknown 

-1.45 
-7.74 

1.08 
9.74 

-1.34 
-0.79 

District instructional funds/studerit -1.10 1.04 -1.05 
District funds/student unknown . 2.94 9.33 0.32 
Computers per student 
Computers per student unknown 

-0.51 
3.98 

0.97 
3.85 

-0.53 
1.03 

Percent use computers as part of math insu. 2.52 1.10 2.211* 
Percent using computers unknown -10.20 4.55 -2.24' 

GENDER BETA COEFFICIENT 
Intercept -0.18 1.36 -0.13 
Percent African-American -0.59 1.13 -0.52 
Percent Hispanic -0.26 1.10 -0.24 
Student body race-ethnicity unknown -5.16 9.32 -0.55 
Average SES 1.50 1.10 1.36 
School size (number of students) 1.30 1.64 0.80 
Student/teacher ratio 0.13 1.12 0.12 
Student teacher ratio unknown -2.12 9.75 -0.22 
District instructional funds/student 0.38 1.31 0.29 
District funds/student unknown 1.91 8.93 0.21 
Computers per student 0.98 1.05 0.93 
Computers per student unknown -1.00 4.31 -0.23 
Percent use computers as pan of math insu. -0.64 1.22 -0.52 
Percent using computers unknown 1.90 4.76 0.40 

RACE-ETHNICITY BETA COEFFICIENT 
Intercept -12.58 1.54 -8.19" 
Percent African-American -0.44 1.80 -0.24 
Percent Hispanic 0.56 1.32 0.43 
Student body race-ethnicity unknown -8.32 10.00 -0.83 
Average SES 1.35 1.59 0.85 
School size (number of students) 0.38 1.57 0.24 
Student/teacher ratio 1.62 1.32 1.23 
Studentheacher ratio unknown 8.81 12.67 0.70 
District instructional funds/student -1.71 2.01 -0.85 
District funds/student unknown -5.60 11.84 -0.47 
Computers per student 1.22 1.22 1.00 
Computers per student unknown -2.64 6.23 -0.42 
Percent use computers as pan of math mgr. -2.58 2.14 -1.20 
Percent using computers unknown 1.86 6.28 0.30 

SES BETA COEFFICIENT 
Intercept 4.53 0.78 5.78" . 



Table Al0b.—Detailed school resources predictors of student-level parameters of grade 4 geometry achievement— 
Continued 

Parameter Derma of Chi-square test 
Random within-school parameters Reliability* variance (Tau).* freedom  of Tau , 06 

INTERCEPT (AVG. ACHIEVEMENT) 0.83 177.98 204 1260.00•• 
GENDER BETA COEFFICIENT 0.19 40.68 204 236.67 
RACE-ETHNICITY BETA COEFFICIENT 0.12 42.32 204 224.33 

	

I Average of five Gamma values. See technical notes for more information. 
2Average of five standard error values plus standard error of the five Gammas. See technical notes for more information. 
313amme divided by standard snot. Probabilities based on a two-tailed test. 
4Perameter variance divided by total variance. Average of live reliability values. 
3Average of five parameter variance values. 
6Average of five Chi-aquae tests. 

NOTE: •• probability .g .01; • probability g AS; * probability g .10. 

SOURCE: U. S. Department of Education. National Center for Education Statistics. National Assessment of Educational 
Progress. 1990 NAEP. Math Assessment of 4th Grade Students. Restncted•Use Data Base. 



Table A11.--Classroom instructional methods predictors of student-level parameters of grade 4 geometry achievement 

WITHIN-SCHOOL PARAMETERS Gamma Standard 
Between-school redeem coeflicientl mama  Value3 

INTERCEPT (AVG. ACHIEVEMENT) 
Imercere 214.81 0.98 219.99•• 
Itecem Aide/a-American -4.68 1.00 -0.67•• 
Percent Hispanic -0.75 0.94 -0.80 
Student body race-ethnicity unknown 5.12 6.34 0.81 
Average SES 4.60 1.08 4.26•• 
Work in small groups -1.24 1.04 -1.18 
Work with objects 2.02 1.10 1.83t 
Do problems on worksheets 0.22 1.09 0.20 
Do problems from textbook 2.96 1.04 2.83•• 
Take math tests -1.33 1.10 •1.21 
Use computer 0.96 1.02 0.94 
Use calculator -1.80 1.07 .1.6st 

GENDER BETA COEFFICIENT 
Intercept -0.01 1.16 41.01 
Percent African-American -0.68 1.04 -0.65 
Percent Hispanic -0.44 1.17 -0.38 
Student body race-ethnicity unknown -5.19 8.30 -0.63 
Average SES 1.17 1.14 1.03 
Work in small groups 1.66 1.04 1.60 
Work with objects -0.23 1.56 -0.15 
Do problems on worksheets -1.18 1.32 -0.89 
Do problems from textbook -0.48 1.07 -0.45 
Take math tests -0.11 1.50 -0.07 
Use computer -1.17 1.27 -0.92 
Use cakulator 0.75 1.08 0.69 

RACE-ETHNICITY BETA COEFFICIENT 
Intercept -12.60 1.26 -10.01•• 
Percent African-American 0.11 1.69 0.07 
Percent Hispanic 1.42 1.39 1.03 
Student body race-ethnicity unknown -4.97 8.22 -0.60 
Average SES 0.88 1.72 0.51 
Work in small groups -0.30 1.47 -0.20 
Work with objects -0.64 1.71 -0.38 
Do problems on worksheets 3.03 1.44 2.10• 
Do problems from textbook 0.67 1.77 0.38 
Take math tests -0.21 1.48 -0.14 
Use computer -1.57 1.66 -0.95 
Use calculator -2.13 1.41 -131 

SES BETA COEFFICIENT 
Intercept 4.54 0.79 3.72•• 

Parameter Degrees of Chi-square test 
Random within-school parameters          Reliability4  valiance (Tau)5 heed=  of Tau s. 06 

INTERCEPT (AVG. ACHIEVEMENT) 0.83 171 23 206 1191.53•• 
GENDER BETA COEFFICIENT 0.18 38.97 206 235.92 
RACE-ETHNICITY BETA COEFFICIENT 0.11 40.14 206 223.68 

	

'Average of five Gamma values. See technical notes for more information. 
2Average of five standard error values plus standard error of the five Gammas. See technical notes for more information. 
3Gamma divided by standard error. Probabilities based on a two-tailed test. 
4Parameter variance divided by total variance. Average of five reliability values. 
3Average of five parameter variance values. 
6Avaage of five Chi-square tests. 

NOTE: •• probability .g .01; • probability g .05; $ probability g .10. 

SOURCE: U. S. Department of Education. National Center for Education Statistics. National Assessment of Educational 
Progress. 1990 NAEP. Math Assessment of 4th Grade Students. Rrstricted-Use Data Base. 



Table Al2.-School climate (math attitudes) predictors of student-level parameters of grade 4 geometry achievement 

WITHIN-SCHOOL PARAMETERS Gamma Standard 
Between-school predictors coefficient  error2  Value3 

INTERCEPT (AVG. ACHIEVEMENT) 
baarcept 214.81 1.00 214.36•• 
Percent African-American -4.50 0.94 -4.78•• 
Penent Hispanic -1.20 0.92 -1.31 
Student body race-ethnicity unknown 4.52 6.46 0.7C 
Average SES 3.54 1.18 1.00" 
Students feel math is useful 1.73 1.13 1.53 
Students enjoy and feel competent in math 0.60 1.08 0.56 
Students disagree that math is more for boys 1.95 1.10  1.771 

GENDER BETA COEFFICIENT 
Intercept -0.03 1.15 -0.02 
Patent African-American -0.14 0.97 -0.15 
Percent Hispanic 0.00 1.07 0.00 
Student body race-ethnicity unknown -4.43 8.59 -0.52 
Average SES 1.22 1.13 1.08 
Students feel math is useful 1.08 1.36 0.80 
Students enjoy and feel competent in math 0.52 1.09 0..il 
Students disagree that math is more for boys -0.33 1.34 -0.25 

RACE-ETHNICITY BETA COEFFICIENT 
Intercept -12.81 1.26 -10.15•• 
Percent African-American -0.74 1.61 -0.46 
Percent Hispanic 0.59 1.29 0.46 
Student body race-ethnicity unknown -6.22 7.92 -0.79 
Average SES 1.09 1.69 0.65 
Students feel math is useful -1.2.5 1.66 -0.75 
Students enjoy and feel competent in math -0.91 1.60 -0.57 
Students disagree that math is more for boys -0.05 1.52 -0.03 

SES BETA COEFFICIENT 
Intercept 4.53 0.79 5.71" 

Parameter Degrees of Chi-square test 
Random within-school parameters  variance (Tau)5 freedom  of Tau > 06 

INTERCEPT (AVG. ACHIEVEMENT) 0.84 181.91 210 1253.76•• 
GENDER BETA COEFFICIENT 0.18 38.14 210 237.08 
RACE-ETHNICITY BETA COEFFICIENT 0.13 47.50 210 233.60 

'Average of five Gamma values. See technical notes for more information. 
2Average of five standard error values plus standard error of the five Gammas. See technical notes for more information. 
3Gamma divided by standard error. Probabilities based on a two-tailed test 
4Parameter vanance divided by total vanance. Average of five reliability values. 
5Average of Ave parameter variance values. 
6Averase of five Chi-square tests. 

NOTE: •• probability .1 .01: • probability g 05: t probability g .10. 

SOURCE: U. S. Department of Education. National Center for Education Statistics. National Assessment of Educational 
Progress. 1990 NAEP Math Assessment of 4th Grade Students. Restricted-Use Data Base. 



Table A13.-School climate (math attitudes and student behavior and safety) predictors of student-level parameters of 
grade 4 geometry achievement 

WITHIN-SCHOOL PARAMETERS Gamma Sandia 
Between-school predictors coefficient'  error2  Value3 

INTERCEPT (AVG. ACHIEVEMENT) 
buercept 215.58 1.03 208.34" 
Percent Ahican-American -4.06 0.95 -4.27" 
Percent Hispanic -1.05 0.92 -1.14 
Student body race-ethnicity unknown 3.30 0.43 0.51 
Average SES 3.38 1.19 2.85" 
Students feel math is useful 1.78 1.13 1.58 
Students enjoy and feel competent in math 0.89 1.08 0.82 
Students disagree that math is more for boys 2.11 1.10 I.93t 
Index of problems in the school -0.78 0.98 -0.79 
Index of problems unknown -8.14 12.25 -0.66 
Percent students enrolled all year 0.83 1.05 0.80 
Percent enrolled unknown -2.21 11.84 -0.19 

GENDER BETA COEFFICIENT 
Intercept 0.10 1.28 0.08 
Patent African-Amaican 0.14 1.02 0.14 
Patent Hispanic 0.13 1.07 0.12 
Student body race-ethnicity unknown -4.83 8.61 -0.56 
Average SES 1.15 1.17 0.99 
Students feel math is useful 1.10 1.37 0.80 
Students =joy and feel competent in math 0.69 1.15 0.60 
Students disagree that math is more for boys -0.35 1.34 -0.26 
Index of problems In the school -0.23 1.08 -0.21 
Index of problems unknown 16.73 15.04 1.11 
Percent students enrolled all year 0.87 1.37 0.64 
Percent enrolled unknown -16.61 13.57 -1.22 

RACE-ETHNICITY BETA COEFFICIENT 
Interact -12.61 1.33 -9.49" 
Percent African-American -0.47 1.67 -0.28 
Percent Hispanic 0.64 1.28 0.50 
Student body race-ethnicity unknown -6.63 8.01 -0.83 
Average SES 0.66 1.69 0.39 
Students feel math is useful -1.22 1.64 -0.75 
Students enjoy and feel competent in math -0.83 1.59 -0.52 
Students disagree tha: math is more for boys -0.03 1.54 -0.02 
Index of problems in the school -1.57 1.58 -0.99 
Index of problems unknown -1.46 30.06 -0.05 
Percent students enrolled all year -0.60 1.68 -0.36 
Percent enrolled unknown 1.18 29.47 0.04 

SES BETA COEFFICIENT 
Intercept 4.52 0.79 5.68" 

Parameter Degrees of Chi-square test 
Random within-school parameters  Reliability4  variance (Tau)5 freedom  of Tau > 06 

INTERCEPT (AVG. ACHIEVEMENT) 0.83 178.10 206 1235.18" 
GENDER BETA COEFFICIENT 0.17 37.07 206 233.32 
RACEETHNrITY BETA COEFFICIENT 0.13 49.86 206 231.21t 

1Averge of five Gamma values. See technical notes for more information. 
2Average of five standard error values plus standard error of the five Gammas See technical notes for more information. 
3Gamma divided by standard error. Probabilities based on a two-lils.1 test. 
4Parameter variance divided by total variance. Average of five reliability values. 
3Average of five parameter variance values. 
6Average of five Ct ;-square teats. 

NOTE. •• probability .1 .01. • probability g .05: probability s .10. 

SOURCE. U. S. Department of Education. National Center for Education Statistics, National Assessment of Educational 
Progress. 1990 NAEP. Muth Assessment of 4th Grade Students. Restricted-Use Data Base. 



Table A14.-School climate (math attitudes and academic expectations) predictors of student-level parameters of 
grade 4 geometry achievement 

WITHIN-SCHOOL PARAMETERS Garmta Standard 
Between-scisool predictors coefficient I errors Value3 

INTERCEPT (AVG. ACHIEVEMENT) 
Intessept 
POEM Africas-Amarican 

215.72 
-3.99 

1.06 
0.96 

204.45** 
-4.15** 

Percent Hispanic 
Student body race-e hnicity unknown 

-1.12 
3.94 

0.92 
6.47 

-1.22 
0.61 

Average SES 3.64 1.18 3.09** 
Students feel math is useful 1.90 1.13 I.67t 
Students enjoy and feel competent in math 0.81 1.07 0.76 
Students disagree that math is more for boys 2.17 1.10 1.97* 
Amount of instruction in math -0.54 1.08 -0.50 
Amount of instruction unknown -5.19 5.99 -0 87 
Math identified as a special priority -0.C3 1.08 -C, J3 
Math special priority unknown -5.59 5.75 -0.97 

GENDER BETA COEFFICIENT 
Intercept -0.07 1.35 -0.06 
Percent African-American -0.60 1.25 -0.48 
Percent Hispanic -0.01 1.05 -0.01 
Student body race-ethnicity unknown -4.68 9.00 -0.52 
Average SES 1.59 1.28 1.24 
Students feel math is useful 1.28 1.39 0.92 
Students enjoy and feel competent in math 0.56 1.16 0.48 
Students disagree that math is more for boys -0.10 1.34 -0.08 
Amount of instruction in math -0.07 1.25 -0.06 
Amount of instruction unknown -4.09 5.53 -0.74 
Math identified as a special priority .1.13 1.11 -1.01 
Math special priority unknown 4.35 5.91 0.74 
Mean composite math score of grade sample -1.19 1.63 -0.73 

RACE-ETHNICITY BETA COEFFICIENT 
Intercept -12.73 1.35 -9.40** 
Percent African-American -1.09 1.78 -041 
Percent Hispanic 0.46 1.26 0.37 
Student body race-ethnicity unknown -8.35 7.76 -1.08 
Average SES 1.04 1.92 0.54 
Students feel math is useful -1.45 1.75 -0.83 
Students enjoy and feel competent in math -0.50 1.65 -0.30 
Students disagree that math it more for boys 0.17 1.61 0.11 
Amount of instruction in math 2.60 1.52 1.71t 
Amount of instruction unknown 1.02 8.27 0.12 
Math identified as a special priority -0.37 1.44 -0.26 
Math special priority unknown 0.42 8.58 0.05 
Mean composite math score of grade sample -0.78 2.26 -0.35 

SES BETA COEFFICIENT 
Intercept 4 49 0.79 5.67** 



Table A14.—School climate (math attitudes and academic expectations) predictors of student-level parameters of grade 4 
geometry achievement—Continued 

Parameter Depose of Chi-equere test 
Random within-school parameters  Reliability4  variance (Tau)5 *Mom  of Taus. 06 

INTERCEPT (AVG. ACHIEVEMENT) 0.83 176.76 206 1228.68•• 
GENDER BETA COEFFICIENT 0.18 37.64 205 232.74 
RACE-ETHNICITY BETA COEFFICIENT 0.11 37.84 205 227.66 

'Average of five Gamma values. See technical notes for more information. 
2Averase of five standard enor values plus standard error of the five Gammas. See technical notes for more information. 
3Ganuna divided by standard error. Probabilities based on a two-tailed test. 
4Parameter variance divided by total variance. Average of five reliability values. 
',Average of five parameter variance values. 
6Averase of five Chi-square tests. 

NOTE •' probability .1 .01; • probability g .05; t probability I .10. 

SOURCE. U. S. Department of Education. National Center for Education Statistics. National Assessment of Educational 
Progress. 1990 NAEP Math Assessment of 4th Grade Students. Restricted-Use Data Base. 



Table A15.—Average within-school parameters of grade 8 math achievement 

WITHIN-SCHOOL PARAMETERS Gamma Standard 
coefficient awl  Value3 

INTERCEPT (AVG. ACHIEVEMENT) 
GENDER BETA COEFFICIENT 

260.28 
-0.63 

1.36 
0.84 

191.70" 
-0.75 

RACE-ETHNICITY BETA COEFFICIENT -15.48 1.30 -11.96" 
SES BETA COEFFICIENT 10.65 0.81 13.23" 
TAKING ALGEBRA BETA COEFFICIENT 31.66 1.33 23.81" 

Parameter Degrees of Chi-square test 
Random within-school parameters Reliability's variance Cria freedom  of Tau w 06 

INTERCEPT (AVG. ACHIEVEMENT) 
GENDER BETA COEFFICIENT 

0.94 
0.21 

281.45 
22.33 

147 
147 

2225.69" 
181.45' 

RACE-ETHNICITY BETA COEFFICIENT 0.19 44.92 147 207.15" 

I Average of five Gamma values. See technical notes for more information. 
2Average of live standard error values plus standard error of the five Gammas. See tedutical notes for more infounauon. 
3Gamma divided by standard error. Probabilities based on a two-tailed test. 
4Perameter mime divided by total variance. Average of five reliability values. 
Using. of five parameter variance values . 
6Average of Ave Chi-square usu. 

NOTE: " probability g .01, • probability £ .043; t probability £ .10. 

SOURCE: U. S. Department of Education. National Center for Education Statistics. National Assessment of Educational 
Progress. 1990 NAEP: Math Assessment of 8th Grade Students. Restricted-Use Data Base . 



Table A16.-Student body characteristics predictors of student-level parameters of grade 8 math achievement 

WITHIN-SCHOOL PARAMETERS Gamma Standen! 
Betweenichool predictors codficient I  artir2  Value3 

INTERCEPT (AVG. ACHIEVEMENT) 
Intercept 262.96 0.82 320.01" 
Patent Abican-American -7.11 0.78 -9.08•• 
Percent Hispanic -1.19 0.68 -I.76t 
Average SES 9.31 0.88 10.55•• 

GENDER BETA COEFFICIENT 
Inman -0.60 0.64 -0.71 
Percent African-American -1.40 0.89 - I .S7 
Percent Hispanic -1.12 0.85 -1.32 
Average SES -1.51 1.02 -1.48 

RACE-ETHNICITY BETA COEFFICIENT 
Intercept 
Percent African-American 

-16.32 
0.13 

1.41 
1.67 

-11.39•• 
0.08 

Percent Hispanic 1.78 1.16 1.53 
Average SES -1.67 1.44 -1.16 

SES BETA COEFFICIENT 
Intercept 10.75 0.81 13.33•• 

TAKING ALGEBRA BETA COEFFICIENT 
Intercept 31.67 1.34 23.68•• 

Parameter Degrees of Chi-square test 
Random within-school parameters  Reliability4  variance (Tau)5 freedom  of Tau > 06 

INTERCEPT (AVG. ACHIEVEMENT) 0.80 73.84 144 611.13•• 
GENDER BETA COEFFICIENT 0.20 21.92 144 177.81' 
RACE-ETHNICITY BETA COEFFICIENT 0.16 35.96 144 190.72•• 

I/twinge of five Gamma values. See technical notes for more information. 
2Average of five standard error values plus standard error of the five Gammas. See technical notes for more information. 
3Gamma divided by standard error. Probabilities based on a two-tailed test. 
4Parameter variance divided by total variance. Average of five reliability values. 
SAverage of five parameter variance values. 
6Average of five an-square tests. 

NOTE: •• probability .1 01: • probability s, .05: Iprobability s .10. 

SOURCE: U. S. Department of Education. National Center for Education Statistics. National Assessment of Educational 
Progress. 1990 NAEP. Math Assessment of 8th Grade Students. Restricted-Use Data Base. 



Table A17.--School resources predictors of student-level parameters of grade 8 math achievement 

WITHIN-SCHOOL. PARAMETERS Gamma &indeed 
Berween-school predictors coefficient'  aror2  Value3 

INTERCEPT (AVG. ACHIEVEMENT) 
Intercept 262.89 0.91 290.28•• 
needle Africari-Arnerican -7.18 0.80 -9.00•• 
Parent Hispanic -1.38 0.76  -1.821 
Average SES 9.22 0.96 9.58•• 
School size (number of students) 0.04 0.84 0.04 
Studengescher ratio 0.59 0.88 0.67 
Student/teacher ratio unknown 2.63 11.57 0.23 
District instructional funds/student 0.39 0.93 0.41 
District funds/student unknown -2.91 11.27 -0.26 

GENDER BETA COEFFICIENT 
Intercept -0.50 0.92 -0.54 
Percent African-American -1.30 0.91 -1.43 
Percent Hispanic -0.82 0.93 -0.88 
Avaage SES -1.23 1.17 -1.05 
School size (number of students) -0.46 1.11 -0.41 
Student/teacher ratio -0.42 
Student/indict ratio unknown -11.85 

1.03 
15.61 

-0.41 
-0.76 

District instructional funds/student -0.56 1.08 -0.52 
District funds/student unknown 12.03 15.18 0.79 

RACE-ETHNICITY BETA COEFFICIENT 
Intercept -16.26 1.59 -10.26** 
Percent Mimi-American 0.27 1.69 0.16 
Percent Hispanic 1.61 1.23 1.31 
Average SES -1.70 1.55 -1.09 
School size (number of students) -0.56 1.52 -0.37 
Studeriiheacher ratio 0.81 1.47 0.35 
Student/teacher ratio unknown 12.26 16.69 0.73 
District instructional funds/student 0.73 1.50 0.49 
District funds/student unknown -11.46 16.43 -0.70 

SES BETA COEFFICIENT 
Intercept 10.74 0.81 13.20" 

TAKING ALGEBRA BETA COEFFICIENT 
Intercept 31.63 1.34 23.54" 

Parameter Degrees of Chi-square test 
Random within-school parameters  Reliability4  variance (Tau)5 freedom  of Tau > 06 

INTERCEPT (AVG. ACHIEVEMENT) 0.80 76.17 139 613.47" 
GENDER BETA COEFFICIENT • 0.21 22.65 139 177.05' 
RACE-ETHNICITY BETA COEFFICIENT 0.17 39.18 139 185.73" 

Avenge of five Gamma- values. See technical notes for more information. 
2Average of five standard error values plus standard error of the five Gammas. See technical notes for more information. 
30amma divided by standard error. Probabilities based on a two-tailed test. 
4Parameter variance divided by total variance. Average of five reliability values. 
5Average of five parameter variance values. 
6Average of five Chi-square tests. 

NOTE. •• probability .g .01; • probability g .05. probability I .10. 

SOURCE. U. S Department of Education. National Center for Education Statistics. National Assessment of Educational 
Progress. 1990 NAEP: Math Assessment of 8th Grade Students. Restricted-Use Data Base. 



Table A18.-Classroom instructional methods predictors of student-level parameters of grade 8 math achievement 

WITHIN-SCHOOL PARAMETERS Gamma Standard 
Bemeen-adiool predictors  coefficient)  error2  Value3 

INTERCEPT (AVG. ACHIEVEMENT) 
Worms 262.78 0.80 328.26" 
Percent Africa-American -6.83 0.83 -8.23•• 
Percent Hispanic -0.78 
Average SES 9.21 
Work in small groups -1.02 

0.68 
0.86 
1.00 

-1.15 
10.66•• 
-1.02 

Work with objects 0.64 0.86 0.75 
Do problems on worksheets 1.70 
Do problems from textbook 2.48 

1.08 
0.89 

1.58 
2.79•• 

Take math tests -1.33 0.95 -1.42 
Use computer -2.16 
Use calculator 1.26 

0.87 
0.93 

-2.49• 
1.35 

GENDER BETA COEFFICIENT 
Intercept -0.60 
Percent African-American -0.84 

0.88 
1.00 

-0.68 
-0.84 

Patent Hispanic -1.32 0.91 -1.45 
Average SES -1.58 
Work in small groups -0.55 

1.03 
1.35 

-1.54 
-0.40 

Work with objects -0.23 0.99 -0.24 
Do problems on worksheets -1.38 1.40 -0.98 
Do problems from textbook -1.20 1.05 -1.14 
Take math tests -1.07 1.35 -0.79 
Use computer 0.83 1.16 0.72 
Use calculator 0.67 1.52 0.44 

RACE-ETHNICITY BETA COEFFICIENT 
Intercept -16.00 1.42 -11.23•• 
Percent African-American 1.19 1.84 0.65 
Percent Hispanic 1.49 1.20 1.24 
Average SES -1.81 1.44 -1.26 
Work in small groups 2.53 1.72 1.47 
Work with objects 3.16 1.42 2.23• 
Do problems on worksheets -0.15 2.00 -0.07 
Do problems from textbook -1.37 1.45 -0.95 
Take math tests -1.10 1.85 -0.60 
Use computer -0.74 1.66 -0.44 
Use calculator -1.27 1.53 -0.83 

SES BETA COEFFICIENT 
Intercept 10.72 0.81 13.28•• 

TAKING ALGEBRA BETA COEFFICIENT 
Intercept 31.58 1.34 23.61•• 

Parameter Degrees of Chi-square test 
Random within-school parameters  Reliability4  variance (Tau)3 freedom  of Tau > 06 

INTERCEPT (AVG. ACHIEVEMENT) 0.78 65.99 137 556.11•• 
GENDER BETA COEFFICIENT 0.22 24.36 137 176.91* 
RACE-ETHNICITY BETA COEFFICIENT 0.14 31.52 137 178.91° 

)Avenge of five Gamma values. See technical notes for more information. 
2Average of five standard error values plus standard error of the five Gammas. See technical notes for more information. 
3Oamma divided by standard error. Probabilities based on a two-tailed test. 
4Parameter variance divided by total variance. Average of five reliability values 
5Average of five parameter variance values. 
6Average of five Chi-square tests . 

NOTE: •• probability .g .01. • probability S .05; t probability s .10 . 

SOURCE• U S. Department of Education. National Center for Education Statistics. National Assessment of Educational 
Progress. 1990 NAEP. Math Assessment of 8th Grade Students. Restricted-Use Data Base. 



Table A19.-School climate (math attitudes) predictors of student-level parameters of grade 8 math achievement 

WITHIN-SCHOOL PARAMETERS Gams &Inched 
Between-school predictors coefficient  erroi2  Value] 

INTERCEPT (AVG. ACHIEVEMENT) 
lamicept 263.09 0.81 325.41" 
Percent African-American -7.43 0.77 -9.62•• 
Percent Hispanic -1.13 0.68  -1.661 
Average SES 9.14 0.87 10.57•• 
Students feel math is useful -1.25 0.93 -1.35 
Students enjoy and feel competent in math 2.52 1.02 2.47• 
Students disagree that math is more for boys 1.49 0.89 1.67t 

GENDER BETA COEFFICIENT 
Intercept -0.60 0.86 -0.70 
Percent African-American -1.30 0.91 -1.43 
Percent Hispanic - I .18 0.86 -1.38 
Average SES -1.52 1.04 -1.47 
Students feel math is useful 0.12 1.13 0.10 
Students enjoy and feel competent in math -1.02 1.26 -0.81 
Students disagree that math is more for boys 0.28 1.07 0.26 

RACE-ETHNICITY BETA COEFFICIENT 
Intercept -16.21 1.41. -11.10•• 
Percent African-American 0.07 1.71 0.04 
Percent Hispanic 1.98 1.19 I.66t 
Average SES -1.50 1.15 -1.04 
Students feel math is useful 0.32 1.54 0.21 
Students enjoy and feel competent in math 2.81 1.88 1.50 
Students disagree that math is more for boys L25 1.64 0.76 

SES BETA COEFFICIENT 
Intercept 10.72 0.81 13.24• 

TAKING ALGEBRA BETA COEFFICIENT 
Intercept 31.71 1.34 23.65•• 

Parameter Degrees of Chi-square test 
Random within-school parameters  Reliability4  variance (TAOS freedom  of Tau > 06 

INTERCLPT (AVG. ACHIEVEMENT) 0.79 69.11 141 363.68•• 
GENDER BETA COEFFICIENT 0.21 22.66 141  176.210 
RACE-ETHNICITY BETA COEFFICIENT 0.15 34.12 141 187.09•• 

'Average of five Gamma values. See technical notes for more information. 
2Average of five standard error values plus standard error of the five Gammas. See technical notes for more information. 
3Gamma divided by standard error. Probabilities based on a two-tailed test. 
4Parameter variance divided by total variance. Average of five reliability values 
3Average of five parameter variance values. 
6Average of five Chi-square tests. 

NOTE: •• probability g .01; • probability g .05; t probability g .10. 

SOURCE: U. S. Depanment of Education. National Center for Education Statistics. National Assessment of Educational 
Progress. 1990 NAEP. Math Assessment of 8th Grade Students. Restricted-Use Data Base. 



Table A20.-School climate (math attitudes and student behavior and safety) predictors of student-level parameters of 
grade 8 math achievement 

WITHIN-SCHOOL PARAMETERS Gamma Simard 
Between-school predictors coefficient  arror2  Value3 

INTERCEPT (AVG. ACHIEVEMENT) 
lemercept 263.06 0.83 316.69•• 
Poem Abeam-American -7.75 0.84 -9.22•• 
Percent Hispanic -1.24 0.70 -1.77t 
Avenge SES 9.26 0.89 10.44•• 
Students feel math is useful -1.25 0.98 -1.27 
Students ',goy and feel competent in math 2.59 1.08 2.40• 
Students disagree that math is more for boys 1.68 0.93 Leit 
Absenteeism in grade -0.58 0.87 -0.66 
Students feel classes often disrupted -038 1.01 -0.57 
Students feel unsafe at school 1.35 1.12 1.20 

GENDER BETA COEFFICIENT 
Intercot -0.70 0.89 -0.79 
Percent African-American -1.33 0.98 -1.35 
Percent Hispanic -1.00 0.89 -1.13 
Average SES -1.39 1.09 -1.28 
Students feel moth is useful -0.16 1.23 -0.13 
Students enjoy and feel competent in math -0.75 1.25 -0.60 
Students disagree that math is more for boys 0.27 1.14 0.23 
Absenteeism in grade -0.12 1.15 -0.10 
Students feel classes often disrupted 1.20 1.24 0.96 
Students feel unsafe at school -0.44 1.32 -0.34 

RACE-ETHNICITY BETA COEFFICIENT 
Intercept -16.75 1.50 -11.13•• 
Percent African-American -0.52 1.83 -0.29 
Percent Hispanic 1.71 1.24 1.38 
Average SES -1.18 1.47 -0.80 
Students feel math is useful 0.26 1.68 0.15 
Students enjoy and feel competent in math 3.25 1.94 1.6gt 
Students disagree that math is more for boys 1.80 1.69 1.06 
Absenteeism in grade 1.40 1.69 0.83 
Students feel classes often disrupted 0.95 1.91 0.50 
Students feel unsafe at school 1.35 1.97 0.69 

SES BETA COEFFICIENT 
Intercept 10.75 0.81 13.21•• 

TAKING ALGEBRA BETA COEFFICIENT 
Intercept 31.75 1.34 23.66•• 

Parameter Degrees of Chi-square test 
Random within-school parameters  Reliability4  variance (1105 freedom  of Tau > 06 

INTERCEPT (AVG. ACHIEVEMENT) 0.79 69.32 138 548.78•• 
GENDER BETA COEFFICIENT 0.21 22.53 138 177.43• 
RACE-ETHNICITY BETA COEFFICIENT 0.15 33.14 138 180.30•• 

lAversae of five Gamma values. See technical notes for more information 
2Average of five standard ero► values plus standard error of the five Gammas. See technical notes for more information. 
3Garnma divided by standard error. Probabilities based on a two-tailed test. 
4Parameter variance divided by total variance. Average of five reliability values 
SAverage of five parameter variance values. 
6Average of five Chi-square tests. 

NOTE• •• probability .1 .01; • probability I .05. t probability S .10 

SOURCE U. S. Departmem of Education. National Center for Education Statistics. National Assessment of Educational 
Progress. 1990 NAEP. Math Assessment of 8th Grade Students. Restncted-Use Data Base . 



Table A21.-School climate (math attitudes and academic expectations) predictors of student-level parameters of 
grade 8 math achievement 

WITHIN-SCHOOL PARAMETERS Gamma Standard 
Between-school predictors coefficient  aror2  Value3 

INTERCEPT (AVG. ACHIEVEMENT) 
bums 262.82 0.78 336.36" 
Percent African-Amnon -7.49 0.75 -10.05" 
Percent Hispanic -1.73 0.68 -2.57* 
Average SES 7.86 0.90 8.73" 
Students feel math is useful -0.69 0.91 -0.76 
Students enjoy and feel competent in math 2.34 0.99  2.370 
Students disagree that math is mom for boys 1.95 0.87 2.24' 
Percent of 8th grade students taking algebra 3.07 0.83 3.72" 

GENDER BETA COEFFICIENT 
Intercept -0.47 0.86 -0.55 
Percent African-American -1.45 1.44 -1.01 
Percent Hispanic -0.95 0.90 -1.06 
Average SES -0.78 1.54 -0.50 
Sockets feel math is useful -0.18 1.14 -0.16 
Students enjoy and feel competent in math -0.90 1.39 -0.65 
Students disagree that malts is more for boys 0.12 1.15 0.10 
Percent of 8th grade students taking algebra -1.30 1.08 -1.20 
Mean composite math score of grade sample -0.40 2.51 -0.16 

RACE-ETHNICITY BETA COEFFICIENT 
Intercept -15.77 1.50 -10.50" 
Percent African-American -0.61 2.07 -0.30 
Percent Hispanic 2.55 1.27 2.00* 
Average SES 0.69 2.16 0.32 
Students feel math is useful -0.54 1.59 -0.34 
Students enjoy and feel competent in math 3.35 1.94 I.73t 
Students disagree that math is more for boys 1.00 1.74 0.57 
Percent of 8th grade students taking algebra -3.02 1.60 -1.89t 
Mean composite math score of grade sample -1.47 3.09 -0.47 

SES BETA COEFFICIENT 
Intercept 10.68 0.81 13.20" 

TAKING ALGEBRA BETA COEFFICIENT 
Intercept 31.56 1.34 23.62" 

Parameter Degrees of Chi-square test 
Random within-school parameters               Reliability4  variance (Tau)5 freed=  of Tau > 06 

INTERCEPT (AVG. ACHIEVEMENT) 0.77 62.19 140 500.28" 
GENDER BETA COEFFICIENT 0.20 21.29 139 175.23* 
RACE-ETHNICITY BETA COEFFICIENT 0.15 33.83 139 183.58" 

)Average of five Gamma values. See technical notes for more information. 
2Aversge of five standard error values plus standard error of the five Gammas. See technical notes for more inforrnauon. 
30amms divided by standard mot. Probabilities based one two-tailed test. 
4Parameter variance divided by total variance. Average of five reliability values. 
5Average of five parameter variance values. 
6Average of five Chi-square tests. 

NOTE: •• probability 	.01; • probability I .03. f probability S .10 

SOURCE, U S Department of Education, National Center for Education Statistics. National Assessment of Educational 
Progress. 1990 NAEP. Math Assessment of 8th Grade Students. Restricted-Use Data Base. 



Table A22.—Average within-school parameters of grade 8 geometry achievement 

WITHIN-SCHOOL PARAMETERS Gamma Standard 
coefficient'  avor2 Val& 

INTERCEPT (AVG. ACHIEVEMENT) 258.04 1.35 191.81" 
GENDER BETA COEFFICIENT -1.23 1.03 -1.20 
RACE-ETHNICITY BETA COEFFICIENT -14.00 1.68 •8.33•• 
SES BETA COEFFICIENT 8.93 1.17 7.62•• 
TAKING ALGEBRA BETA COEFFICIENT 27.84 1.47 18.91** 

Parameter Degrees of Chi-square test 
Random within-school parameters  Reliability4 variance (Tau)S freedom  of Tau > 06 

INTERCEPT (AVG. ACHIEVEMENT) 0.90 260.16 147 1373.94•• 
GENDER BETA COEFFICIENT 0.17 26.51 147 161.90 
RACE-ETHNICITY BETA COEFFICIENT 0.17 55.30 147 183.10• 

'Average of five Gamma values. See technical notes for more information. 
2Average of five standard error values plus standard arm of the five Gammas. See technical notes for more information. 
30amma divided by standard error. Probabilities based on a two-tailed test. 
4Pseameter variance divided by total variance. Average of five reliability values, 
5Averase of five parameter variance values. 
6Average of five Chi-square tests. 

NOTE: •• probability .1 .01; • probability s .05; t probability s 10. 

SOURCE: U S Department of Education. National Center for Education Statistics. National Assessment of Educational 
Progress. 1990 NAEP Math Assessment of 8th Grade Students. Restricted•Use Data Base. 



Table A23.-Student body characteristics predictors of student-level parameters of grade 8 geometry achievement 

WITHIN-SCHOOL PARAMETERS Gamma Standard 
Besween-school predictors coefficient'  error2  Value3 

INTERCEPT (AVG. ACHIEVEMENT) 
Intercept 260.42 0.89 294.06•• 
Percent African-American -7.56 0.91 -8.33" 
Percent Hispanic -0.82 0.77 -1.06 
Average SES 8.25 1.01 8.21" 

GENDER BETA COEFFICIENT 
Intercept -1.18 1.04 -1.14 
Percent African-American -1.20 1.09 -1.10 
Percent Hispanic -0.62 1.06 -0.58 
Average SES -0.03 1.21 -0.02 

RACE-ETHNICITY BETA COEFFICIENT 
Intercept -14.54 1.93 -7.53" 
Percent African-American -1.30 2.31 -0.56 
Percent Hispanic 1.58 1.48 1.06 
Average SES -2.07 2.00 -1.04 

SES BETA COEFFICIENT 
Intercept 9.03 1.17 7.72" 

TAKING ALGEBRA BETA COEFFICIENT 
Intercept 27.82 1.49 18.68" 

Parameter Degrees of Chi-square test 
Random within-school parameters  Reliability4  variance (Tau)5 freedom  of Tau > 06 

INTERCEPT (AV4..i. ACHIEVEMENT) 0.74 77.77 144 449.88" 
GENDER BETA COEFFICIENT 0.16 29.48 144 159.06 
RACE-ETHNICITY BETA COEFFICIENT 0.16 51.58 144  171.321 

'Average of five Gamma values. See technical notes for more information. 
2Average of five standard error values plus standard error of the five Gammas. See technical notes for more information. 
3Gamma divided by standard error. Probabilities based on a two-tailed test. 
4Parameter variance divided by total variance. Average of five reliability values. 
5Average of five parameter variance values. 
6Average of five Chi-square tests 

NOTE: 6° probability I .01; • probability S .05; t probability s .10. 

SOURCE: U S. Department of Education. National Center for Education Statistics. National Assessment of Educational 
Progress. 1990 NAEP. Math Assessment of 8th Grade Students. Restricted-Use Data Base. 



Table A24.-School resources predictors of student-level parameters of grade 8 geometry achievement 

WITHIN-SCHOOL PARAMETERS Gamma Standard 
Between-scool indictors coefficient  error2  Value3 

INTERCEPT (AVG. ACHIEVEMENT) 
Intercept 260.20 1.00 261.18•• 
Percent Afiiwt-American -7.73 0.91 -8.49•• 
Percent Hispanic -1.21 0.86 -1.40 
Avenge SES 7.88 1.15 6.87•• 
School sine (number of students) 0.31 0.93 0.33 
Student/teacher ratio 0.51 0.97 0.53 
Student/teacher ratio unknown 4.83 13.08 0.37 
District instructional funds/student 0.98 1.05 0.93 
District funds/student unknown -4.26 12.74 -0.33 

GENDER BETA COEFFICIENT 
Intercept -1.36 1.20 -1.13 
Percent Afncan-American -1.25 1.13 -1.11 
Percent Hispanic -0.80 1.20 -0.67 
Average SES -0.30 1.53 -0.20 
School size (number of students) -0.11 1.29 -0.09 
Student/teacher ratio 0.02 1.35 0.02 
Student/teacher ratio unknown -15.54 19.31 -0.80 
District instnictional funds/student 0.19 1.62 0.12 
District funds/student unknown 17.98 18.74 0.96 

RACE-ETHNICITY BETA COEFFICIENT 
Intercept -14.26 2.24 -6.36•• 
Percent African-American -1.09 2.35 -0.46 
Percent Hispanic 1.48 1.48 1.00 
Average SES -2.06 2.02 -1.02 
School size (number of students) -1.03 2.30 -0.45 
Student/teacher ratio 0 11 1.92 0.06 
Student/teacher ratio unknown 17.84 21.34 0.84 
Diunct instructional funds/student 1.33 1.96 0.68 
District funds/student unknown .17.03 19.95 -0.85 

SES BETA COEFFICIENT 
Intercept 9.00 1.19 7.59•• 

TAKING ALGEBRA BETA COEFFICIENT 
Intercept 27.82 1.50 18.57• 

Parameter Degrees of Chi-square test 
Random within•school parameters  Reliability4  variance (Tau)5 freedom  of Tau > 06 

INTERCEPT (AVG. ACHIEVEMENT) 0.74 79.09 139 456.77•• 
GENDER BETA COEFFICIENT 0.18 28.33 139 155.94 
RACE-ETHNICITY BETA COEFFICIENT 0.15 50.16 139  165.191 

'Average of five Gamma values See technical notes for more information. 
2Average el five standard error values plus standard error of the five Gammas. See technical notes for more infonnauon 
3Gamma divided by standard error. Probabilities based on a two-tailed test. 
4Parameter variance divided by total variance. Average of five reliability values. 
SAverage of five parameter variance values. 
6Average of five Chu-square tests 

NOTE •• probability .g .01; • probability s .05; probability 1 .10. 

SOURCE: U. S. Department of Education. National Center for Education Statistics. National Assessment of Educational 
Progress. 1990 NAEP. Math Assessment of 8th Grade Students. Restricted•Use Data Base. 



Table A25.--Classroom instructional methods predictors of student-level parameters of grade 8 geometry achievement 

WITHIN-SCHOOL PARAMETERS Gamma Steadied 
Between-school predictors coefficient'  error2  Value3 

INTERCEPT (AVG. ACHIEVEMENT) 
Intercept 260.24 0.86 301.55•• 
Percent Africen-American -7.09 0.94 -7.586* 
Patent Hispanic -0.45 0.81 -0.56 
Average SES 8.11 0.98 8.28•• 
Work in small groups -1.00 1.14 -0.87 
Work with objects 1.73 0.92  1.881 
Do problems on worksheets 2.12 1.29 1.64 
Do problems from textbook 2.07 0.97 2.12• 
Take math tests -2.01 1.08 •1.86t 
Use computer -2.03 0.99 -2.05• 
Use calculator 1.47 1.01 1.45 

GENDER BETA COEFFICIENT 
Intercept -1.26 1.10 -1.14 
Percent African-American -1.04 1.33 -0.78 
Percent Hispanic -0.83 1.24 -0.67 
Average SES -0.12 1.23 -0.10 
Work in small groups -0.94 1.79 -0.52 
Work with objects -0.03 
Do problems on worksheets -0.66 

1.28 
1.97 

-0.02 
-0.33 

Do problems from textbook -1.32 1.36 -0.98 
Take math tests -0.27 1.64 -0.16 
Use computer 1.10 1.46 0.76 
Use calculator 0.79 2.36 0.33 

RACE-ETHNICITY BETA COEFFICIENT 
Intercept -14.01 1.98 -7.08•• 
Percent African-American 0.12 2.27 0.05 
Percent Hispanic 1.29 1.54 0.84 
Average SES -2.09 1.92 -1.09 
Work in small groups 2.36 2.15 1.10 
Work with objects 3.24 1.76 1.84t 
Do problems on worksheets -0.93 2.82 -0.33 
Do problems from textbook -0.84 1.84 -0.46 
Take math tests -1.114 2.38 -0.65 
Use computer -0.01 2.15 0.00 
Use cakulator -1.43 1.86 -0.77 

SES BETA COEFFICIENT 
Intercept 9.01 1.16 7.79•• 

TAKING ALGEBRA BETA COEFFICIENT 
Intercept 27.78 1.49 18.69•• 

Parameter Degrees of Chi-square test 
RanJom within-school parameters  Reliability4  variance (Tau)5 freedom  of Tau > 06 

INTERCEPT (AVG. ACHIEVEMENT) 
GENDER BETA COEFFICIENT 

0.71 
0.18 

66.79 
28.96 

137 
137 

407.25•• 
155.95 

RACE-ETHNICITY BETA COEFFICIENT 0.15 46.93 137 163.21 

'Average of five Gamma values. See technical notes for more information. 
2Averme of five standard error values plus standard error of the five Gammas. See technical notes for more information. 
3Gamma divided by standard error. Probabilities based on a two-tailed test. 
4Paranieter vanance divided by total variance. Average of five reliability values. 
3Average of fivt paramete► variance values.  
6Average of five Chi•square tests. 

NOTE: •• probability g .01; • probability s .05. t probability g .10. 

SOURCE: U. S Department of Education. National Center for Education Statistics. National Assessment of Educational 
Progress. 1990 NAEP. Math Assessment of 8th Grade Students, Restricted-Use Data Base. 



Table A26.-School climate (math attitudes) predictors of student-level parameters of grade 8 geometry achievement 

WITHIN-SCHOOL PARAMETERS Gamma &indeed 
Between-school predictors  coefficient,  eircr2  Value3 

INTERCEPT (AVG. ACHIEVEMENT) 
Instecept 260.55 0.89 293.02•• 
Percent African-American -7.76 0.91 •8.49•• 
P4IMICSI Hispanic -0.79 0.78 -1.01 
Average SES 8.11 1.01 8.06•• 
Students feel math is useful -1.31 1.01 -1.30 
Students enjoy and feel competent in math 1.50 1.13 1.32 
Students disagree that math is more for boys 1.28 0.95 1.34 

GENDER BETA COEFFICIENT 
Intercept -1.18 1.08 -1.09 
Percent African-American -1.19 1.13 -1.05 
Percent Hispanic -0.72 1.07 -0.67 
Average SES -0.13 1.28 -0.10 
Students feel math is useful 0.43 1.42 0.30 
Students enjoy and feel competent in math -0.62 1.43 -0.43 
Students disagree that math is more for boys 0.57 1.49 0.38 

RACE-ETHNICITY BETA COEFFICIENT 
Intercept -14.54 1.93 -7.52•• 
Percent African-American -1.45 2.23 -0.65 
Percent Hispanic 1.92 1.54 1.25 
Average SES -1.84 1.94 -0.95 
Students feel math is useful -0.36 2.13 -0.17 
Students enjoy and feel competent in math 4.10 2.61 1.57 
Students disagree that math is more for boys 1.25 2.00 0.63 

SES BETA COEFFICIENT 
Intercept 9.01 1.17 7.67•• 

TAKING ALGEBRA BETA COEFFICIENT 
Intercept 27.89 1.50 18.63•• 

Perimeter Degrees of Chi-square test 
Random within-school parameters  Reliability4  variance (Tau)5 freedom  of Tau > 06 

INTERCEPT (AVG. ACHIEVEMENT) 0.73 76.14 141 433.76•• 
GENDER BETA COEFFICIENT 0.18 29.19 141 160.14 
RACE-ETHNICITY BETA COEFFICIENT 0.14 44.16 141  166.331 

lAverage of five Gamma values. See technical notes for more information. 
2Average of five standard emu values plus standard error of the Ave Gammas. See technical notes for more information. 
3Gantena divided by standard error. Probabilities based an a two-tailed test. 
"Parameter variance divided by total variance. Average of five reliability values. 
SAverage of five parameter variance values. 
'Average of five Chi-square tests. 

NOTE: •• probability 	.01; • probability s .05; • probability s .10. 

SOURCE: U. S Department of Education. National Center for Education Statistics. National Assessment of Educational 
Progress, 1990 NAEP. Math Assessment of 8th Grade Students. Restricted-Use Data Sue. 



Table A27.-School climate (math attitudes and student behavior and safety) predictors of student-level parameters of 
grade 8 geometry achievement 

WITHIN-SCHOOL PARAMETERS Gamma Sondatd 
Between-school predicton coefficient' anon=  Value3 

INTERCEPT (AVG. ACHIEVEMENT) 
Intercept 260.50 0.90 284.44•• 
Percent African-American 8.06 1.00 -8.04•• 
Percent Hispanic -0.89 0.81 -1.10 
Average SES 8.22 
Students feel nosh is useful -1.35 

1.03 
1.07 

7.96•• 
-1.26 

Students enjoy and feel competent in math 1.61 1.19 1.35 
Students disagree that math is mote for boys 1.45 1.01 1.43 
Absenteeism in grade -0.45 0.97 -0.47 
Students feel classes often dimmed -0.37 1.14 -0.32 
Students feel wade at school 1.16 1.22 0.95 

GENDER BETA COEFFICIENT 
Ireacept -1.30 
Percent African-American -1.34 

1.12 
1.19 

-1.16 
-1.13 

Percent Hispanic -0.77 1.12 -0.68 
Average SES 0.61 1.37 0.01 
Students feel math is useful 0.45 1.36 0.29 
Students enjoy and feel competent in math -0.45 1.48 -0.30 
Students disagree that math is more for boys 0.74 1.49 0.49 
Absenteeism in grade 0.51 1.61 0.32 
Students feel classes often disrupted 0.40 1.47 0.27 
Students feel unsafe at school ' 0.29 1.54 0.19 

RACE-ETHNICITY BETA COEFFICIENT 
Intercept -14.96 2.06 -7.27•• 
Percent African-American -1.79 2.26 -0.79 
Percent Hispanic 1.64 1.55 1.06 
Average SES -1.71 1.94 -0.88 
Students feel math is useful -0.18 2.28 -0.08 
Students enjoy and feel competent in math 4.33 2.73 1.59 
Students disagree that math is more for boys 1.61 2.08 0.77 
Absenteeism in grade 1.43 2.12 0.68 
Students feel elutes often distupted 0.19 2.26 0.08 
Students feel unsafe at school 1.00 2.45 0.41 

SES BETA COEFFICIENT 
Intercept 9.04 1.17 7.74•• 

TAKING ALGEBRA BETA COEFFICIENT 
Intercept 27.92 1.50 18.65•• 

Perimeter Degrees of Chi-square test 
Random within-school parameters                   Reliability4  variance (Tau)3 freedom  of Tau a 06 

INTERCEPT (AVG. ACHIEVEMENT) 0.74 76.91 138 426.46•• 
GENDER BETA COEFFICIENT 0.16 25.21 138 159.14 
RACE-ETHNICITY BETA COEFFICIENT 0.15 49.06 138 163.36 

'Average of five Gamma values. See technical notes for more information. 
2Average of five standard error values pin standard error of the five Gammas. See technical notes for more information. 
3Gamma divided by standard error. Probabilities based on a two►tailed test. 
*Parameter variance divided by total variance. Average of five reliability values. 
SAverage of five parameter variance values. 
*Average of five Chi-square tests. 

NOTE. •• probability .fi .01; • probability g .05; * probability g .10. 

SOURCE: U. S Department of Education. National Center for Education Statistics. National Assessment of Educational 
Progress. 1990 NAEP. Math Assessment of 8th Grade Students. Resauted-Use Data Base. 



Table A28.-School climate (math attitudes and academic expectations) predictors of student-level parameters of 
grade 8 geometry achievement 

WITHIN-SCHOOL PARAMETERS Gamma Standard 
Beriveen-school predictors coefficient'  arror2  Value3 

INTERCEPT (AVG. ACHIEVEMENT) 
Imercept 260.33 0.88 295.22•• 
Percent African-American •7.81 0.90 -8.69•• 
Penna. Hispanic -1.31 0.79  •1.631 
Avenge SES 7.03 1.07 6.59•• 
Students feel math is useful -0.84 1.01 -0.83 
Students enjoy and feel competent in math 1.36 1.12 1.22 
Students disagree that math is more for boys 1.65 0.95 1.74t 
Percent of Bib grade students taking algebra 2.54 0.94 2.71•• 

GENDER BETA COEFFICIENT 
Intercept -1.01 1.10 -0.92 
Percent African-American -2.19 1.87 -1.17 
Percent Hispanic -0.81 1.09 -0.74 
Average SES 1.27 1.77 0.72 
Students feel math is useful 0.14 1.43 0.10 
Students enjoy and feel competent in math -0.31 1.50 -0.21 
Students disagree that math is more for boys 0.69 1.59 0.43 
Percent of 8th grade students taking algebra -0.43 1.18 -0.37 
Mean composite math score of grade sample -2.44 3.11 -0.78 

RACE-ETHNICITY BETA COEFFICIENT 
Intercept -14.03 1.98 -7.10•• 
Patent African-American -3.31 3.30 -1.00 
Percent Hispanic 1.97 1.66 1.19 
Average SES 1.08 3.33 0.33 
Students feel math is useful -1.06 2.36 -0 45 
Students enjoy and feel competent in math 4.98 3.09 1.61 
Students disagree that math is more for boys 1.61 2.12 0.76 
Percent of 8th grade students wiring algebra -1.26 2 36 -0.54 
Mean composite math score of grade sample -4.52 5.77 -0.78 

SES BETA COEFFICIENT 
Intercept 8.99 1.17 7.67• 

TAKING ALGEBRA BETA COEFFICIENT 
Intercept 27.76 1.47 18.88•• 

Random within-school perimeters Reliability' 
Parameter 

 variance (Tau)3 
Degrees of 

&sedan 
Chi-square test 

 of Tau ) 06 

INTERCEPT (AVG. ACHIEVEMENT) 0.73 72.78 140 413.82•• 
GENDER BETA COEFFICIENT 0.15 23.11 139 159.05 
RACE-ETHNICITY BETA COEFFICIENT 0.17 57.89 139' 170.12t 

'Average of five Gamma values. See technical notes for more information. 
2Average of five sundard !MN values plus standard error of the five Gammas. See admits] notes for more information. 
3Gamms divided by standard error Probabilities based on a two-tailed test. 
4Panmeter variance divided by total variance. Average of five reliability values. 
5Average of five parameter variance values. 
6Average of five Chi-square tests. 

NOTE: •• probability .g .01. • probability g 	t probability g .to. 

SOURCE: U. S Department of Education. National Center for Education Statistics, National Aueument of Educational 
Progress. 1990 NAEP Math Assessment of 8th Grade Student,. Restricted-Use Data Base. 



Table A29.—Average within-school parameters of grade 12 math achievement 

WITHIN-SCHOOL PARAMETERS Gannna Standard 
coefficseral  error2 Value3

INTERCEPT (AVG. ACHIEVEMENT) 291.98 1.37 213.67•• 
GENDER BETA COEFFICIENT -233 0.97 -2.60•• 
RACE•ETHNICITY BETA COEFFICIENT -14.13 1.70 -8.33•• 
SES BETA COEFFICIENT 12.36 0.85 14.48•• 
YEARS OF CALCULUS BETA COEFFICIENT 17.58 0.81 21.59•• 

Parameter Degrees of Clu-square test 
Random within-school parameters  Reliability4 variance mos tmedom  of Tau .06 

INTERCEPT (AVG. ACHIEVEMENT) 0.93 299.05 136 152931" 
GENDER BETA COEFFICIENT 0.18 24.18 136 I60.19t 
RACE-ETHNICITY BETA COEFFICIENT 0.26 72.88 136 181.04•• 

'Average of five Gamma values. See technical notes for more information. 
2Average of five standard error values plus standard error of the five Gammas. See technical notes for more information. 
kamma divided by standard error. Probabilities based on a two•ailed test. 
4Parameter VIM= divided by total variance. Average of five reliability values. 
3Average of five parameter variance values 
6Average of five Chi•square tests. 

NOTE: •• probability .g .01; • probability g .05; t probability g .10. 

SOURCE: U S. Departmem of Education National Center for Education Statistics. National Assessment of Educational 
Progress. 1990 NAEP. Math Assessment of 12th Grade Students. Restncted-Use Data Base. 



Table A30.-Student body characteristics predictors of student-level parameters of grade 12 math achievement 

WITHIN-SCHOOL PARAMETERS Garnnm Stindird 
Between-school predictors coefficient'  error2  Value3 

INTERCEPT (AVG. ACHIEVEMENT) 
hnercept 292.80 0.83 352.69" 
Parent African-American -6.55 0.82 -8.03" 
Percent Hispanic 0.91 0.71 1.27 
Average SES 11.64 0.89 13.07" 

GENDER BETA COEFFICIENT 
Intercept -2.66 0.99 -2.70" 
Percent African-American -0.02 1.08 -0.02 
Percent Hispanic -0.55 0.95 -0.58 
Average SES 0.30 1.18 0.26 

RACE-ETHNICITY BETA COEFFICIENT 
Intacqx -14.04 1.89 -7.43" 
Percent African-American -0.97 2.00 -0.49 
Percent Hispanic 0.35 1.39 0.25 
Average SES -0.08 1.93 -0.04 

SES BETA COEFFICIENT 
Intercqn 12.34 0.85 14.44" 

YEARS OF CALCULUS BETA COEFFICIENT 
Intercept 17.59 0.82 21.45" 

Parameter DeIrms of Chi-square test 
Random within-school parameters  Reliability4 variance (TAWS freedom  of Tau > 06 

INTERCEPT (AVG. ACHIEVEMENT) 0.77 76.66 133 574.49" 
GENDER BETA COEFFICIENT 0.19 25.83 133 159.24$ 
RACE-ETHNICITY BETA COEFFICIENT 0.26 74.72 133 179.43" 

'Average of five Gamma values. See technical notes for more information. 
2Average of five standard error values plus standard error of the five Gammas. See technical notes for more information. 
klarnma divided by standard error. Probabilities based on a two-tailed test. 
4Paransetet variance divided by iotal variance. Average of five reliability values. 
5Averase of five parameter variance values. 
6Average of five Chi-square tests. 

NOTE: •• probability g .01; • probability s .05; $ probability s .10. 

SOURCE: U. S. Depanment of Education. National Center for Education Statistics. National Assessment of Educational 
Progress, 1990 NAEP. Math Assessment of 12th Grade Students. Restricted-Use Data Base. 



Table A31.-School resources predictors of student-level parameters of grade 12 math achievement 

WITHIN-SCHOOL PARAMETERS Gamma Standard 
	Between-school predictors coefficient'  error2  Value3 

INTERCEPT (AVG. ACHIEVEMENT) 
Intercept 292.35 0.89 328.72•• 
Paces* African-American -6.60 O.P. -8.04• 
Percent Hispanic 0.48 0.79 0.61 
Average SES 
School size (number of students) 

10.98 
I .10 

0.98 
0.81 

11.19•• 
1.3S 

Student/teacher ratio 
Student/teacher ratio unknown 

-0.89 
-0.71 

0.95 
3.64 

-0.94 
-0.19 

 District instructional funds/student4 0.76 0.88 0.87 

GENDER BETA COEFFICIENT 
Intercept -2.39 1.04 -2.30• 
Percent African-American 0.20 1.09 0.18 
Percent Hispanic 0.11 1.04 0.11 
Average SES 1.60 1.27 1.26 
School size (number of students) -1.96 1.09 -1.80t 
Student/teacher ratio 1.65 1.23 1.34 
Student/teacher ratio unknown 2 19 5.17 0.42 
District instructional funds/student -1.24 1.15 -1.08 

RACE-ETHNICITY BETA COEFFICIENT 
Intercept -14.06 2.08 4.75•• 
Percent African-American -0.50 1.91 -0.26 
Percent Hispanic -0.18 1.40 -0.13 
Average SES 0.30 1.98 0.15 
School size (number of students) -3.18 1.65 -1.92t 
Studentheacher rauo 4.37 1.91 2.40• 
Student/teacher ratio unknown 14.82 7.27 2.04• 
District instnicuonal funds/student 4.17 1.73  2.416 

SES BETA COEFFICIENT 
Intercept 12.39 0.85 14.36•• 

YEARS OF CALCULUS BETA COEFFICIENT 
Intercept 17.51 0.81 21.50•• 

Parameter Degrees of Chi-square test 
Random within-school parameters  Reliability3  variance (Tau)6 freak=  of Tau > 07 

INTERCEPT (AVG. ACHIEVEMENT) 0.77 77.21 129 559.48•• 
GENDER BETA COEFFICIENT 0.18 23.84 129 150.96 
RACE-ETHNICITY BETA COEFFICIENT 0.19 50.67 129 169.72•• 

"Average of five Gamma values. See technical notes for more information. 
2Average of Ave standard error values plus standard error of the five Gammas. See technical notes for more information. 
3Gamma divided by standard error. Probabilities based on a two-tailed test. 
4Although there were cases for which district inswuctional funds were unknown, these were the same cases for which student teacher ratio was 
unknown. 
SParameter variance divided by total variance. Average of five reliability values. 
6Average of Ave parameter variance values. 
7Average of Ave Chi-square tests. 

NOTE: •• prObability .s .01; • probability s .05; t probability 1 .10. 

SOURCE. U. S Department of Education. National Center for Education Statistics. National Assessment of Educational 
Progress. 1990 NAEP. Math Assessment of 13th Grade Students. Restncted-Use Data Base. 



Table A32.-Classroom instructional methods predictors of student-level parameters of grade 12 math achievement 

WITHIN-SCHOOL PARAMETERS Gamma Simard 
Bowen-school predictors coefficient' enor2 Value3 

INTERCEPT (AVG. ACHIEVEMENT) 
Inure* 292.55 0.77 379.35•• 
PerCent African-American 4.31 0.85 -7.47•• 
Percent Hispanic 0.22 0.69 0.32 
Avenge SES 8.60 0.97 8.85•• 
Work in small groups 0.91 0.92 -1.00 
Work with objects -1.47 0.90 -1.63 
Do problems on worksheets .0.75 0.96 -0.77 
Do problems from textbook 3.03 1.31 2.32• 
Take math tests -0.63 1.20 -0.52 
Use computer -0.45 0.95 -0.48 
Use calculator 3.53 1.10 3.22•• 
Write math proofs 1.99 0.95 2.11* 
Formulate own math problems -132 1.04 •1.47 

GENDER BETA COEFFICIENT 
Intercept -2.52 0.96 -2.62•• 
Percent African-American 0.65 1.21 0.54 
Percent Hispanic -0.21 1.00 -0.21 
Average SES 1.86 1.29 1.44 
Work in small groups 0.96 1.19 0.81 
Work with objects 1.71 1.21 1.42 
Do problems on worksheets 0.95 1.24 0.77 
Do problems from textbook 0.16 1.68 0.09 
Take math tests -2.88 1.54 -1.87t 
Use computer -0.92 1.28 -0.72 
Use calculator -0.56 1.52 -4.37 
Write math proofs -0.71 1.36 -0.52 
Formulate own math problems 1.37 1.32 1.04 

RACE-ETHNICITY BETA COEFFICIENT 
Intercept -14.88 2.00 -7.42•• 
Percent Afncan-American 0.23 2.26 0.10 
Percent Hispanic 0.78 1.46 0.53 
Average SES 2.94 2.27 1.30 
Work in small groups 0.58 2.41 0.24 
Work with objects 1.04 2.11 0.49 
Do problems on worksheets 2.05 2.35 0.87 
Do problems from textbook -4.36 3.53 -1.24 
Take math tests -2.65 3.17 -0.84 
Use computer -3.77 2.46 .1.53 
Use calculator .2.41 2.74 -0.88 
Write math proofs -0.20 2.10 -0.09 
Formulate own math problems 1.53 2.61 0.58 

SES BETA COEFFICIENT 
Intercept 12.26 0.85 14.45•• 

YEARS OF CALCULUS BETA COEFFICIENT 
Imacept 17.51 0.82 21.42•• 



Table A32.—Classroom instructional methods predictors of student-level parameters of grade 12 math achievement— 
Continued 

Parameter Degrees of Chi-square test 
Random within-school parameters Reliabilite  variance (Tau)5 freedom  of Tau e,06 

INTERCEPT (AVG. ACHIEVEMENT) 0.72 58.93 124 439.61" 
GENDER BETA COEFFICIENT 0.12 15.26 124 159.20• 
RACE-ETHNICITY BETA COEFFICIENT 0.26 73.43 124 173.19•• 

'Average of five Gamma values. See technical notes for more information. 
2Average of five staddard error values plus standard error of the five Gammas. See technical noun for more information. 
3Oamma divided by standard error. Probabilities based on a two-tailed test. 
4Parameter variance divided by total variance. Average of five reliability values. 
5Average of five parameter variance values. 
6Average of five Chi-square tests. 

NOTE: •• probability .g .01; • probability g .OS; probability 1 .10. 

SOURCE: U. S. Department of Education. National Center for Education Statistics. National Assessment of Educational 
Progress. 1990 NAEP. Math Assessment of 4th Grade Students. Restricted-Use Data Base, 



Table A33.-School climate (math attitudes) predictors of student-level parameters of grade 12 math achievement 

WITHIN-SCHOOL PARAMETERS Gamma Standard 
Bewsen-school predictors coefficient  aror2  Value3 

INTERCEPT (AVG. ACHIEVEMENT) 
Intercept 292.59 0.74 394.17" 
Percent African-American -7.17 0.77 -9.30" 
Percent Hispanic 1.03 0.65 1.57 
Average SES 10.79 0.83 12.98" 
Students feel math is useful -3.33 0.97 -3.43" 
Students enjoy and feel competent in math 6.66 0.95 7.01** 
Students disagree that math is more for boys -0.06 0.84 -0.07 

GENDER BETA COEFFICIENT 
Intercept -2.64 0.99 -2.67" 
Percent Afncan-American -0.09 1.11 -0.08 
Percent Hispanic -0.58 0.96 -0.61 
Average SES 0.54 1.20 0.45 
Students feel math is useful 0.80 1.43 0.36 
Students enjoy and feel competent in math -1.07 1.30 -0.82 
Students disagree that math is more for boys -0.71 1.11 -0.65 

RACE-ETHNICITY BETA COEFFICIENT 
Intercept -14.17 1.90 -7.47" 
Percent African-American -1.53 2.07 -0.74 
Percent Hispanic 0.40 1.45 0.28 
Average SES -0.48 2.06 -0.23 
Students feel math is useful -1.31 2 41 -0.54 
Students enjoy and feel competent in math 0.00 2.27 0.00 
Students disagree that math is more for boys -3.13 1.89 -1.66t 

SES BETA COEFFICIENT 
Intercept 12.35 0.85 14.49" 

YEARS OF CALCULUS BETA COEFFICIENT 
Intercept 17.57 0.82 21.49" 

Parameter Degrees of Chi-square test 
Random within-school parameters  Reliability4 variance (TAWS freedom 	of Tau  06 

INTERCEPT (AVG. ACHIEVEMENT) 0.71 54.69 130 466.56" 
GENDER BETA COEFFICIENT 0.18 24.70 130 156.30t 
RACE-ETHNICITY BETA COEFFICIENT 0.28 83.95 130 174.06" 

'Average of five Gamma values See technical notes for more information. 
2Average of five standard error values plus standard error of the five Gammu. See technical notes for more information. 
3Gamma divided by standard error. Probabilities based on a two-tailed lest 
4Parameter vanance divided by total variance. Average of five reliability values. 
SAverage of five parameter vanance values. 
6Average of five Chi-square tests. 

NOTE: " probability .g .01; • probability s .05. probability g .10. 

SOURCE: U S. Depanment of Education. National Center for Education Statistics. National Assessment of Educational 
Progress. 1990 NAEP. Math Assessment of 8th Grade Students. Restncted-Use Data Base. 



Table A34.-School climate (math attitudes and student behavior and safety) predictors of student-level parameters of 
grade 12 math achievement 

WITHIN-SCHOOL PARAMETERS Gamma Standwd 
Between-school predictors  coefficient1  snot2  Value3 

INTERCEPT (AVG. ACHIEVEMENT) 
Intercept 293.06 0.71 412.02•• 
Percent African-American 4.25 0.83 •7.36•• 
Parcae Hispanic 1.03 0.65 1.59 
Average SES 9.98 0.82 12.14•• 
Students feel math is useful -3.22 0.93 -3.48•• 
Students enjoy and feel competent in math 6.42 0.91 7.07•• 
Students disagree that math is more for boys -0.30 0.80 -0.37 
Absenteeism in grade 0.84 0.78 1.07 
Students feel classes often disrupted -2.84 0.83 -3.43•• 
Students feel unsafe at school -1.36 0.93 -1.46 

GENDER BETA COEFFICIENT 
Intercept -2.69 1.00 -2.69•• 
Percent African-American -0.24 1.24 -0.19 
Percent Hispanic -0.21 1.00 -0.22 
Average SES 0.55 1.24 0.44 
Students feel math is useful 0.77 1.44 0.53 
Students enjoy and feel competent in math -1.06 1.30 -0.82 
Students disagree that math is more for boys 4160 1.12 -0.54 
Absenteeism in grade -1.78 1.10 -1.62 
Students feel classes often disrupted 2.19 1.19  1.841 
Students feel unsafe at school -0.88 1.47 -0.60 

RACE-ETHNICITY BETA COCFFICIENT 
Intercept -12.80 1.96 -6.52•• 
Percent African-American -0.80 2.18 -0.37 
Percent Hispanic 0.37 1.46 0.25 
Avulse SES -1.11 2.09 -0.53 
Students feel math is useful -0.93 2.38 -0.39 
Students enjoy and feel competent in math -0.96 2.30 -0.41 
Students disagree that math is more for boys -3.37 1.84  •1.631 
	Absenteeism in grade -0.05 2.02 -0.03 

Students feel classes often disrupted -2.90 209 -1.39 
Students feel unsafe at school -1.56 2.27 -0.69 

SES BETA COEFFICIENT 
Intercept 12.37 0.86 14.45•• 

YEARS OF CALCULUS BETA COEFFICIENT 
Intercept 17.54 0.82 21.31•• 

Parameter Degrees of Chi-square test 
Random within-school parameters  Reliability4  variance (Tau)3 freedom  of Tau > 06 

INTERCEPT (AVG. ACHIEVEMENT) 0.67 45.73 127 381.53•• 
GENDER BETA COEFFICIENT 0.19 25.84 127 151.31t 
RACE-ETHNICITY BETA COEFFICIENT 0.26 72.87 127 176.24•• 

'Avery, of five Gamma values. See technical notes for more information. 
2Average of live standard snot values plus standard error of the five Gammas. See technical notes for more information. 
'Gamma divided by standard Offal Probabilities based on a two-tailed test. 
4Pwameter variance divided by total variance. Average of five reliability values. 
5Average of five parameter variance values. 
°Average of Ave CM-squire tests. 

NOTE: •• probability .s .01: • probability g .05. • probability g .10. 

SOURCE: U. S. Department of Education. National Center for Education Statistics. National Assessment of Educational 
Progress. 1990 NAEP. Math Assessment of 12th Gm:. Students. Rerncted-Use Data Base 



Table A35.-School climate (math attitudes and academic expectations) predictors of student-level parameters of 
grade 12 math achievement 

WITHIN-SCHOOL PARAMETERS Gamma Simard 
Between-kitool predictors coeffcientl  mror2  Value3 

INTERCEPT (AVG. ACHIEVEMENT) 
Intercept 292.38 0.69 423.26" 
Percent African-American -6.90 0.73 -9.49" 
Percent Hispanic 0.43 0.63 0.63 
Average SES 8.22 0.92 8.95" 
Students feel math is useful -1.90 0.94 -2.02' 
Students enjoy and feel competent in math 4.92 0.94 5.26" 
Students disagree that math is more for boys -0.21 0.79 -0.26 
Percent of students on acadernic/college prep 3.84 0.89 4.31" 
Mean years 12th grader have taken calculus 2.12 0.76 2.80" 

GENDER BETA COEFFICIENT 
Intercept -2.48 1.01 -2.45' 
Percent African-Ainencan 0.84 1.39 0.60 
Percent Hispanic -0.32 0.99 -0.32 
Average SES 0.58 1.87 0.31 
Students feel math is useful 0 56 1.53 0.37 
Students enjoy and feel competent in math -0.98 1.52 -0.64 
S.adems disagree that math is more for boys -0.68 1.12 -0.61 
Percent of students on acadernidcolkge prep -2.42 1.47 - I .65t 
Mean years 12th grader have taken calculus -1.43 1.15 -1.25 
Mean composite math score of grade sample 2.90 2.22 1.31 

RACE-ETHNICITY BETA COEFFICIENT 
Intercept -13.98 1.90 -7.35" 
Percent African-American 0.89 2.78 0.32 
Percent Hispanic 0.18 1.47 0.12 
Average SES -2.93 2.76 -1.06 
Students feel math is useful -0.90 2.55 -0.35 
Students enjoy and feel competent in math -1.44 2.67 -0.54 
Students disagree that math is more for boys -3.63 1.88 -1.94t 
Percent of students on acadenuckollege prep -3.36 2.39 -1.41 
Mean years 12th graders have taken calculus 0.26 1.87 0.14 
Mean composite math score of grade sample 6.16 4.11 1.50 

SES BETA COEFFICIENT 
Intercept 12.36 0.83 14.48" 

YEARS OF CALCULUS BETA COEFFICIENT 
Intercept 17.56 0.82 21.44" 

Parameter Degrees of Chi-square test 
Random within-school parameters  Reliability4  variance (Tau)5 freedom  of Tau > 06 

INTERCEPT (AVG. ACHIEVEMENT) 0.65 42.97 128 365.66" 
GENDER BETA COEFFICIENT 0.22 30.15 127 161.71* 
RACE-ETHNICITY BETA COEFFICIENT 0.29 85.40 127 181.36" 

'Avenge of five Gamma values. See technical notes for more information. 
2Averase of five standard error values plus standard error of the five Gammas. See technical notes for more information. 
3Gsmms divided by standard error. Probabilities based on a two-tailed test. 
4Pwameter vanance divided by total variance. Average of five reliability values. 
5Averase of five parameter variance values. . 
6Averase of five Chi-square tests. 

NOTE: •• probability 	.01; • probability s .05; t probability 1.10. 

SOURCE U S Department of Education. National Center for Education Statistics. National Assessment of Educational 
Progress. 1990 NAEP. Math Assessment of 12th Grade Students. Restncted-Use Data Base. 



Table A36.--Average within-school parameters of grade 12 geometry achievement 

	
WITHIN-SCHOOL PARAMETERS 	Gamma Standard 

	coefficieml 	aror2  Value3 

INTERCEPT (AVG. ACHIEVEMENT) 292.08 1.60 182.54•• 
GENDER BETA COEFFICIENT -6.47 1.26 -5.12" 
RACE-ETHNICITY BETA COEFFICIENT -14.30 1.88 -7.63•• 
SES BETA COEFFICIENT 7.49 1.29 5.81•• 
YEARS OF GEOMETRY BETA COEFFICIENT 23.58 0.63 37.35•• 

Parameter Degrees of Chi-square test 
Random within-school parameters  Reliability4  variance (Tau)3 filmdom  of Tau > 06 

INTERCEPT (AVG. ACHIEVEMENT) 0.93 392.68 136 1563.91" 
GENDER BETA COEFFICIENT 0.20 35.61 136 154.35 
RACE-ETHNICITY BETA COEFFICIENT 0.25 90.50 136 188.07•• 

'Average of five Gamma values. See technical notes for more information 
2Average of five standard error values plus standard error of the five Gammas See technical notes for more information. 
3Gamma divided by standard error. Probabilijes based on a two-tailed test. 
4Parameter variance divided by total variance. Average of five reliability values. 
5Average of five parameter variance values. 
6Average of five Chi-square tests. 

NOTE: •• probability .s .01; • probability g .05; f probability g .10 

SOURCE: U. S. Department of Education. National Center for Education Statistics. National Assessment of Educational 
Progress. 1990 NAEP. Math Assessment of 12th Grade Students. Restricted-Use Data Base. 



Table A37.-Student body characteristics predictors of student-level parameters of grade 12 geometry achievement 

	WITHIN-SCHOOL PARAMETERS Gamma Stemderd 
	Ileuveswechool predictors coefficient'  arer2  Value, 

INTERCEPT (AVG. ACHIEVEMENT) 
Inencept 292.97 1.03 283.98•• 
Pecan Africaw-Arnerican -7.18 0.97 -7.44•• 
remain Hispmuc 1.11 0.86 1.30 
Marais SES 13.18 1.11 11.90" 

GENDER BETA COEFFICIENT 
Now 4.67 1.35 -4.93•• 
Permit African-American 0.79 1.38 0.57 
Percent Hispanic -0.74 1.26 -0.59 
Average SES 135 1.79 0.76 

RACE-ETHNICITY BETA COEFFICIENT 
homer* -14.15 2.08 -6.81" 
Percent African-American -2.00 2.54 -0.79 
Percent Hispanic 0.54 1.76 0.31 
Average SES -2.80 2.52 -1.11 

SES BETA COEFFICIENT 
Inurcept 7.45 1.31 5.69" 

YEARS OF GEOMETRY BETA COEFFICIENT 
Intercept 23.59 0.63 37.57** 

Parameter Degrees of Chi-square test 
Random within-school parameters  Reliability4  variance (Tau)5 fiefdom  of Tau 2. 06 

INTERCEPT (AVG. ACHIEVEMENT) 0.79 112.78 133 627.64" 
GENDER BETA COEFFICIENT 0.20 38.28 133 151A)St 
RACE-ETHNICITY BETA COEFFICIENT 0.23 88.02 133 179.14" 

'Avenge of five Gamma values. See technical notes for more information. 
2Avenge of five standard error values plus standard error of the five Commis. See technical nixes for more information. 
30amma divided by standard error. Probabilities based on a two-tailed tea. 
4Parameter variance divided by total variance. Average of five reliability values. 
5Average of five parameter variance values. 
6Average of five Chi-square tests. 

NOTE: •• probability .1 .01; • probability g .05; t probability .10. 

SOURCE: U. S. Department of Education. National Center for Education Statistics. National Assessment of Educational 
Progress. 1990 NAEP. Math Assessment of 12th Grade Students. Restricted-Use Data Base. 



Table A38.-School resources predictors of student-level parameters of grade 12 geometry achievement 

	WITHIN-SCHOOL PARAMETERS Gamma Saniind 
	flawearechool predictors  coefficient, aro?  Vslue3 

INTERCEPT (AVG. ACHIEVEMENT) 
Intercept 292.62 
Pima African-American -7.25 

1.11 
0.96 

263.22•• 
-7.33•• 

Percent Hispanic 0.56 0.94 0.59 
Average SES 12.12 120 10.07•• 
Stdtool she (number of students) 1.46 
Studsrafreacher redo -1.64 

0.95 
1.14 

1.53 
-1.44 

StudetaReacher ratio unknown 0.37 4.47 0.08 
 District instructional funds/student4 .24 1.03 1.21 

GENDER BETA COEFFICIENT 
Intercept 4.50 1.43 -4.49" 
Percent Africra-Amarican 0.86 1.38 0.62 
Peivent Hispanic  -0.22 . 
Average SES 2.37 

1.43 
1.90 

-0.16 
1.25 

School site (number of students) -0.72 1.29 -0.36 
StudenVteacher ratio 0.33 1.44 0.23 
Studeatheacher ratio unknown .0.25 6.71 .004 
District instructional funds/student -1.94 1.38 -1.41 

RACE•ETHNICITY BETA COEFFICIENT 
Intercept -13.63 2.40 -5.69" 
Percent African-American -1.59 2.51 -0.64 
Percent Hispanic 0.43 1.80 0.24 
Average SES -2.56 2.70 -0.95 
School site (number of students -3.07 2.33 -1.32 
Student Lacher ratio 3.03 2.32 1.31 
Student/teacher ratio unknown 9.14 8.52 1.07 
District instructional funds/student 3.11 2.09 1.49 

SES BETA COEFFICIENT 
Intercept 7.51 1.29 5.84" 

YEARS OF GEOMETRY BETA COEFFICIENT 
Intercept 23.50 0.63 37.60" 

Parameter Demon of Chi-square test 
Random within-school parameters  Reliability5  variance (Tau)6 freedom  of Tau > 07 

INTERCEPT (AVG. ACHIEVEMENT) 0.79 111.08 129 605.73" 
GENDER BETA COEFFICIENT 0.19 33.42 129 150.27 
RACE-ETHNIC1TY BETA COEFFICIENT 0.21 74.51 129 176.86" 

'Average of five Gamma values. See technical notes for more information. 
2Average of five standard error values plus standard error of the five Gammas. See technical notes for more information. 
klamma divided by standard error. Probabilities based on a two-tailed test. 
4Although there were cases for which district instructional funds were unknown, these were the same uses for which student teacher ratio was 
unknown. 
SPerameter variance divided by total variance. Average of five reliability values. 
6Average of five parameter variance values. 
'Average of Bye Chi-square tests. 

NOTE: •• probability .g .01; • probability 5.05. t probability g .10. 

SOURCE U. S. Department of Education. National Center for Education Statistics. National Assessment of Educational 
Progress. 1990 NAEP. Math Assessment of 12th Grade Students. Restricted•Use Data Base. 



Table A39.-Classroom instructional methods predictors of student-level parameters of grade 12 geometry achievement 

WITHIN-SCHOOL PARAMETERS Gamma Steadied 
Benthen-sthool predictors coefficient' arar2 Value3 

INTERCEPT (AVG. ACHIEVEMENT) 
Image 292.71 0.97 303.32" 
Parse Mae-American .6.79 1.04 4.52" 
Paean Hispanic 0.31 0.83 0.37 
Average SES • 9.69 1.19 8.110e 
Wok in small groups -0.53 1.14 -0.47 
Work with objects -2.00 1.07 -1.1161 
Do problems on worksheets -0.93 1.18 -0.78 
Do Fabians from textbook 2.52 1.64 1.54 
Take math lens 0.13 1.51 0.10 
Use commuter -0.32 1.18 -0.28 
Use calculator 4.27 1.35 3.16" 
Write math proofs 2.32 1.19 1.95t 
Formulate own math problems -2.48 1.43 -1.74t 

GENDER BETA COEFFICIENT 
Waage -6.91 1.32 -5.22" 
Parcae African-American 1.02 1.43 0.71 
Percent Hispanic -0.52 1.25 -0.41 
Masse SES 3.06 1.85 l.6St 
Work in small groups 1.07 1.39 0.77 
Work with objects 2.71 1.46 1,861 
Do problems on worksheets 0.90 1.44 0.63 
Do problems from textbook -1.23 2.01 -0.61 
Take math tests -1.63 1.81 -0.90 
Use computer -3.21 1.54 -2.08* 
Use calculator 0.19 1.85 0.10 
Write math proofs -0.77 1.52 -0.50 
Formulate own math problems 1.95 1.58 1.23 

RACE-ETHNICITY BETA COEFFICIENT 
Insacept -13.99 2.28 -6.15" 
Percent African-American 0.64 2.58 0.25 
Patent Hispanic 40.83 1.87 0.4 
Average SES -1.29 2.85 -0.45 
Work in small groups -0.52 3.21 -0.16 
Work with objects -0.15 3.34 -0.04 
Do problems on worksheets 3.17 2.67 1.19 
Do problems from textbook -2.06 3.92 -0.53 
Take math tests -6.71 3.99 .1,68t 
Use computer 0.95 3.22 0.30 
Use calculator -0.16 3.19 -0.05 
Write math proofs 0.93 2.43 0.38 
Formulate own math problems -0.05 2.93 -0.02 

SES BETA COEFFICIENT 
Imams 7.46 1.30 5.74" 

YEARS OF GEOMETRY BETA COEFFICIENT 
Intercept 23.59 0.63 37.59" 



Table A39.—Classroom instructional methods predictors of student-level parameters of grade 12 geometry achievement 
—Continued 

Peresnens Degrees of Chi-square test 
Random within-school paranoias  Reliability', variance (Tau)S freedom  of Tan sb 06 

INTERCEPT (AVG. ACHIEVEMENT) 0.76 90.97 124 490.71" 
GENDER BETA cowmen 0.14 22.33 124  130.497 
RACE-ETHNICITY BETA COEFFICIENT 0.24 16.97 124 167.13" 

'Average of five Gamma valves. See inimical noses for more information. 
2Average of Evil stmided snot values plus steadied error of the five Gammas. See technical notes for more information. 
3Clemnia divided by standard error. Probabilities based on a two-tailed test. 
4Paranwier mime divided by soul variance. Average of five reliability values. 
SAverage of five parameter vedette, values. 
6Average of five Chi-square tests. 

NOTE: ** probability s .01; • probability a .03; $ probability 1 .10. 

SOURCE: U. S. Department of Education. National Center for Education Statistics. National Assessment of Educational 
Progress. 1990 NAEP: Math Assessment of 4th Grade Students. Restricted-Use Data Base. 



Table A40.-School climate (math attitudes) predictors of student-level parameters of grade 12 geometry achievement 

WITHIN-SCHOOL PARAMETERS Gamma Sundant 
	Between-school padictors coefficient'  error2  Value3 

INTERCEPT (AVG. i ''HIEVEMENT) 
Intercept 292.70 
Percent African-American -7.78 

0.94 
0.93 

312.27•• 
-8.410* 

Percent Hispanic 1.31 
Avenge SES 12.09 
Students feel math is useful -4.49 

0.79 
1.03 
1.16 

1.66T 
11.74•• 
-3.88•• 

Students enjoy and feel competent in meth 	7.58 1.22 6.211" 
Students disagree that math is more for boys -0.28 1.02 -0.28 

GENDER BETA COEFFICIENT 
Intercept -6.63 
Patent African-American 0.81 

1.36 
1.41 

-4.87•• 
0.38 

Percent Hispanic -0.84 
Average SPS 1.89 

1.26 
1.80 

-0.66 
1.05 

Students feel math is useful 1.99 1.61 1.24 
Students enjoy and feel competent in math -2.65 1.60  -1.651 
Students disagree that math is more for boys -0.84 1.29 -0.66 

RACE-ETHNICITY BETA COEFFICIENT 
Intercept -14.04 
Percent African-American -1.93 

2.10 
2.63 

-6.69•• 
-0.73 

Percent Hispanic 0.66 
Average SES -3.59 

1.81 
2.49 

0.36 
-1.44 

Students feel math is useful -1.87 2.64 -0.71 
Students enjoy and feel competent in math -2.83 2.57 -1.10 
Students disagree that math is more for boys -3.07 2.04 -1.51 

SES BETA COEFFICIENT 
Intercept 7.43 1.31 5.69•• 

YEARS OF GEOMETRY BETA COEFFICIENT 
Intercept 23.62 0.63 37.74•• 

Parameter Degrees of Chi-square test 
Random within-school parameters  Reliability4  variance (Tau)3 freedom  of Tau > 06 

INTERCEPT (AVG. ACHIEVEMENT) 0.74 82.99 130 514.15•• 
GENDER BETA COEFFICIENT 0.19 34.05 130 140.88 
RACE-ETHNICITY BETA COEFFICIENT 0.23 83.02 130 173.72•• 

'Average of five Gamma values See technical notes for more information. 
2Average of five standard error values plus standard error of the five Gammas. See technical notes for more information. 
;Gamma divided by standard error. Probabilities based on a two-tailed test. 
4Puantetet variance divided by total variance. Average of live reliability values. 
Uwe/e of five parameter variance values. 
6Average of five Chi-square tests. 

NOTE: •• probability .s .01; • probability g 	t probability g .10. 

SOURCE: U. S. Department of Education. National Center for Education Statistics. National Assessment of Educational 
Progress. 1990 NAEP. Math Assesunent of 8th Grade Students. Restricted-Use Data Base. 



Table A41.-School climate (math attitudes and student behavior and safety) predictors of student-level parameters of 
grade 12 geometry achievement 

	WITHIN-SCHOOL PARAMETERS Gamma Sward 
	Berweetwachool predictors coefficient  wor2  Value3 

INTERCEPT (AVG. ACHIEVEMENT) 
Wiwi 293.21 0.90 327.35" 
Panel African-American 4.78 0.98 4.94" 
Percent lbspenic 1.26 0.78 1.61 
Average SES 11.28 1.03 10.91" 

' Students feel math is useful -4.38 1.11 -3.94" 
Students enjoy and feel competent in math 7.32 1.19 6.17" 
Students &same that oath is more for boys -0.55 0.98 -0.56 
Absenteeism in grade 1.19 0.94 1.27 
Students feel classes often disrupted -3.22 1.01 -3.17" 
Students feel unsafe at school -1.33 1.12 -1.19 

GENDER BETA COEFFICIENT 
leurceps 6.80 1.37 .4.98" 
Percent African-American 0.30 1.56 0.19 
Percent Hispanic -0.65 1.23 -0.53 
Average SES 2.04 1.88 1.08 
Students feel math is useful 1.82 1.60 1.14 
Students enjoy and feel competent in math -2.60 1.58 -1.64 
Students disagree that math is more for boys -0.73 1.27 -0.57 
Absenteeism in grade -1.96 1.43 -1.37 
Students feel classes often disrupted 1.65 1.63 1.02 
Students feel unsafe at school 0.28 1.72 0.16 

RACE-ETHNICITY BETA COEFFICIENT 
Intercept -12.92 2.26 -5.73" 
Percent African-American -1.72 2.83 -0.61 
Patent Hispanic 0.88 1.86 0.47 
Average SES -4.45 2.45 -1.82* 
Students feel math is useful -1.54 2.61 -0.59 
Students enjoy and feel competent in math -3.63 2.67 -1.36 
Students disagree that math is more for boys -2.98 2.03 -1.47 
Absenteeism in grade 2.78 2.39 -1.16 
Students feel classes often disrupted -1.59 3.34 -0.47 
Students feel unsafe at school -1.45 2.71 -0.53 

SES BETA COEFFICIENT 
Intercept 7.44 1.31 5.67" 

YEARS OF GEOMETRY BETA COEFFICIENT 
Intercept 23.61 0.62 38.00" 

Pawnees Degrees of Chi-square test 
Random within-school parameters  Reliability4 variance (TAWS fseedom 	of Tau  06 

INTERCEPT (AVG. ACHIEVEMENT) 0.71 71.14 127 427.74•• 
GENDER BETA COEFFICIENT 0.16 27.56 127 138.32 
RACE-ETHNICITY BETA COEFFICIENT 0.21 73.31 127 170.24" 

'Avenge of five Gamma values. See technical notes for more information. 
2Average of five standard error values plus standard error of the five Gammas. See technical notes for more information. 
3Gamma divided by standard error Probabilities based on a two-tailed test. 
4Prestneter variance divided by total variance Average of five reliability values 
SAverage of five parameter variance values. 
6Average of five CM-square tests. 

NOTE: •• probability g .01: • probability g 	* probability s 10. 

SOURCE. U S Department of Education. National Center for Education Statistics. National Assessment of Educational 
Progress. 1990 NAEP. Math Assessment of 12th Grade Students. Restncted-Use Data Base. 



Table A42.-School climate (math attitudes and academic expectations) predictors of student-level parameters of 
grade 12 geometry achievement 

WITHIN-SCHOOL PARAMETERS Gamma Swathed 
	Beiveewscliaol predictors coefficient'  ence2 Value3. 

INTERCEPT (AVG. ACHIEVEMENT) 
hump 292.42 0.87 336.32•• 
Percent Africa-American -7.45 0.87 -8.33•• 
Parceat Hispanic 0.60 0.76 0.79 
Average SES 9.01 1.13 7.98•• 
Snidest' feel math is useful -2.73 1.13 -2.41* 
Students enjoy and feel competent in math 5.47 1.18 4.63•• 
Students disagree that meth is more for boys -0.46 0.95 -0.48 
Percent of students on academickollege prep 4.71 1.09 4.31•• 
Mean yams 12th graders have taken calculus 2.51 0.90 2.80•• 

GENDER BETA COEFFICIENT 
latercept -6.54 1.42 -4.59•• 
Percent African-American 1.52 1.75 0.87 
Percent Hispanic -0.81 1.23 -0.66 
Average SES 1.26 2.74 0.46 
Students feel math is useful 2.C4 1.70 1.22 
Students enjoy and feel competent in math -2.89 1.80 -1.61 
Students disagree that math is more for boys -0.86 1.30 -0.66 
Percent of students on academic/college pep -0.58 1.77 -0.33 
Mean yews 12th graders have taken calculus -0.98 1.57 -0.62 
Mean composite math score of grade sample 2.05 3.58 0.57 ° 

RACE-ETHNICITY BETA COEFFICIENT 
Intercept -13.76 2.11 -6.32•• 
Percent African-American 0.35 3.43 0.10 
PISMO Hispanic 1.02 1.85 0.55 
Average SES -4.03 3.12 -1.29 
Students feel math is useful -2.48 2.78 -0.89 
Students enjoy and feel competent in mash -3.07 2.88 -1.07 
Students disagree that math is more for boys -3.44 2.06 -1.67 
Percent of students on academic/college prep -5.34 3.29 -1.62 
Mean years 12th graders have taken calculus -2.12 2.16 -0.98 
Mean composite math score of grade sample 6.58 4.53 1.45 

SES BETA COEFFICIENT 
Intercept 7.43 1.31 5.67•• 

YEARS OF GEOMETRY BETA COEFFICIENT 
Intercept 23.63 0.62 37.87•• 

Parameter Degrees of Chi-square test 
Random within-school parameters  Reliability4 variance (TAWS freedom  of Tau > 06 

INTERCEPT (AVG. ACHIEVEMENT) 0.69 65.98 128 ' 413.58•• 
GENDER BETA COEFFICIENT 0.21 38.03 127 144.84t 
RACE-ETHNICITY BETA COEFFICIENT 0.24 86.81 127 170.10• 

'Average of five Gamma values. See technical notes for more information: 
2Average of five standard emir values plus standard error of t►e five Gammas. See technical notes for more information. 
kamma divided by standard error. Probabilities based on a two-tailed test. 
4hremeser variance divided by total variance. Average of five reliability values. 
2Average of five parameter variance values. 
6Average of five Chi-square tests. 

NOTE: •• probability .g .01; • probability g .05; t probability g .10. 

SOURCE: U. S. Department of Education. National Center for Education Statistics. National Assessment of Educational 
Progress. 1990 NAEP. Math Assessmem of 12th Grade Students. Restricted-Use Data Base. 
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