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Abstract 

American students vary significantly in academic achievement: students in some states like 
Massachusetts and Minnesota far outperform students in other regions such as Washington 
D.C., Alabama, and Mississippi. This paper explores student achievement through five 
broad categories of independent variables: student and family background; schools and 
teachers; finance; government/policy; and unions. Scores from the eighth grade mathematics 
National Assessment of Educational Progress (NAEP) serve as the dependent variable. 
Through both a cross-sectional analysis of the 2011 eighth grade mathematics NAEP scores 
and panel data analysis of eighth grade mathematics NAEP scores from 2003, 2005, 2007, 
2009, 2011, and 2013, I conclude that student and family background factors explain most 
of the variation in student achievement. In addition, the panel data analysis underscores the 
impact of schools and teachers while the categories of finance, government/policy, and 
unions have little explanatory power. Although the student and family background factors 
explain the most variation, the discrepancy between worst performing states and established 
levels of proficiency may be impossible to remedy by focusing on these factors alone. Based 
upon the extensive evidence presented in this study, policymakers should adopt a two 
pronged approach to reforming American education, focusing on both student and family 
background and school and teacher factors. 

Keywords: education, student achievement, variation, socioeconomic status, schools and 
teachers, school finance, unions, state education policy 
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2 Introduction 

In April 2013, former Secretary of State Condoleezza Rice described education as 

America’s “greatest national security challenge.”1 Although the rhetoric may sound 

alarmist, international measures also paint a grim picture of American education. In 2009, 

for example, the United States ranked 17th in reading, 23rd in science, and 31st in math 

amongst the 65 countries participating in the 2011 Program for International Student 

Assessment (PISA).2 On the most recent set of PISA results released in December 2013, the 

United States ranked 24th in reading (dropping 7 places from 2009), 28th in science 

(dropping 5 places from 2009), and 36th in math (dropping 5 places 2009). As a whole 

country, the United States clearly underperforms on the PISA, and other international 

assessments such as the Trends in International Mathematics and Science Study (TIMMS). 

While criticism of PISA and TIMMS abounds, the United States’ performance is cause 

for concern. U.S. rankings highlight the lack of progress in improving America’s schools. In 

the early 1990s, all fifty governors and the President agreed to “Goals 2000.” That the 

United States would rank first in mathematics and science was one of the goals, yet nearly 

no progress has been made towards that end. Moreover, research demonstrates that human 

capital contributes significantly to a country’s economic output and growth (Hanushek, 

Peterson, and Wößmann 2013); without improvements to the American education system, 

other countries may supplant the United States’ role as a world economic power. 

1 Former Secretary of State Condoleezza Rice co-authored with former New York City Schools Chancellor 
Joel Klein and Stanford Education Professor Linda Darling-Hammond the report “U.S. Education Reform 
and National Security,” highlighting the security risks of failing to improve American education. 
2 Of the 65 participating countries in 2009, 34 belonged to the Organization for Economic Development 
(OECD). 
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Understanding at a state-level why the United States performs so poorly may help highlight 

specific areas that policymakers should focus on to improve American education. Many 

studies have attempted to explain why the United States as a whole performs poorly, but 

this approach fails to incorporate the significant variation found amongst individual 

American states. 

Despite the poor state of American education today, reforming the system has been a 

focus of policymakers and politicians for many years. In just the last decade, multiple 

reform efforts have attempted to improve education in the United States. In the early 2000s, 

for example, President George W. Bush signed into law No Child Left Behind (NCLB); 

more recently, President Barack Obama’s Department of Education oversaw the creation of 

Race to the Top (RTT), a government program aimed at improving schools by offering 

states financial incentives for implementing certain education reforms. At the state level, 

policymakers have engineered an even greater variety of changes. Because of the 

traditionally decentralized nature of education in the United States, how one state educates 

students may be completely different compared to another state. In fact, the way Texas 

delivers education certainly differs from the way Massachusetts delivers its education. 

Amidst the many reforms at all levels of the education system, it may be useful to step 

back from specifics, such as funding formulas and teacher evaluation models, and to 

consider more broadly why some American states perform so much better than other states. 

To measure student achievement across the United States, states participate in the National 

Assessment for Education Progress (NAEP) every two years.3 Because all fifty states, the 

3 Although NAEP has existed since 1969, the 2003 examination was the first in which all states were 
required to participate due to rules that changed in 2001 during the reauthorization of the Elementary 
and Secondary Education Act. 
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District of Columbia, and the Department of Defense Education Activity now participate in 

the NAEP examinations, researchers can more closely examine how states compare to one 

another. In 2013, for example, the eighth grade mathematics NAEP demonstrated that 

Massachusetts students were the best performers in the country, scoring on average nearly 

one-half standard deviation above the national mean. Meanwhile, the same assessment 

demonstrated that Washington D.C. students were the worst performers, scoring over one-

half standard deviation below the national mean. These significant differences between 

states—over one standard deviation between the best performer and worst performer—

merit serious consideration. What are the characteristics of Massachusetts’ education system 

that allow students to score the highest in the nation? What factors contribute to 

Washington D.C.’s poor performance? Understanding why some states perform better than 

others can guide policymakers in future efforts to improve American education. 

Reform efforts in the United States are certainly not without guidance, as hundreds of 

thousands of studies have contributed to the dialogue. Although scholars have approached 

education reform from a variety of angles, many qualitative and quantitative studies have 

contributed by examining specific variables that influence education outcomes. The 1966 

Coleman Report, a study mandated by Congress as part of the Civil Rights Act, identified 

that a student’s family background influenced education achievement significantly more 

than any particular aspect of schools. In subsequent years, research on education 

achievement has focused on the role of student characteristics like socioeconomic status, and 

school factors such as teacher quality, class size, and type of school. 

Despite significant research on education systems, there has been no comprehensive 

examination of what explains the variation in performance of all fifty states. My study 

offers this kind of analysis. Employing several data sets, I include variables previously 
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identified as important to explaining variation in education performance while also 

including less-studied factors like the percentage of teachers in unions or state-level teacher 

policies. I begin with an in-depth analysis of the 2011 NAEP scores. This cross-sectional 

approach permits the use of a wider array of variables that are not available for previous 

NAEP examinations. Next, I analyze panel data to explain NAEP scores from 2003 onward. 

A panel data approach partly addresses the bias that may be present in the cross-sectional 

approach. By combining several unique datasets through the dual approach of a cross-

sectional analysis of 2011 results and panel data analysis of the last 10 years of NAEP 

examinations, my models can explain much of the variation in state performance. 

The paper proceeds as follows. In the next section, I review the literature, highlighting 

some of the most significant variables in education performance identified in past 

quantitative and qualitative studies. In section four, I discuss the cross-sectional and panel 

data models that help to explain state variation in education achievement in the United 

States. The fifth section discusses results of the regression analyses of state variation. 

Section six concludes with policy recommendations for education reformers.
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3 Literature Review 

The education process is complicated, as many factors shape the educational 

experiences of students. Over the last several decades, researchers have conducted hundreds 

of studies to explain the various parts of the educational process. While results are largely 

mixed, some trends have emerged. I analyze previous research in five broad categories that 

are significant to education: 

• Student and family background: research has shown that race of a student and 

socioeconomic status (student’s family income, parental education levels, and others) 

affect education achievement significantly. Students from low-income backgrounds 

and minority students typically achieve less than their higher-income white peers do. 

• Schools and teachers: although historically the importance of schools has been 

questioned, class size continues to dominate education debates today. Research also 

suggests that private and charter schools may outperform public schools. 

Furthermore, teacher quality has been identified as one of the most important 

variables in improving student achievement, but research into identifying the 

characteristics of high quality teachers versus low quality teachers and how to recruit 

and maintain quality teachers has produced mixed conclusions. 

• Finances: Although money plays a significant role in education as large portions of 

school districts’ budgets go to salaries and benefits, the effect of money remains 

unclear. Some research indicates that more money has not produced greater 

achievement over the last several decades while other studies find positive benefits 

from increased funding directed towards reducing class size. In the wake of the Great 
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Recession, teacher salaries have recently become the object of much attention with 

some research supporting performance compensation models. 

• Government/Policy: State and federal education policies have a significant effect on 

education through certification requirements, licensing, performance measures, 

accountability standards, and more. Since the 1990s and the encapsulation of 

standards in No Child Left Behind, states and the federal government have focused 

on developing accountability policies largely focused on student achievement (a 

notable shift towards school outputs rather than the earlier emphasis on inputs). 

These policies have also encouraged states to release “report cards” for their schools. 

The focus on student achievement has resulted in policymakers pushing for stronger 

standards under the belief that better standards will lead to higher performance. 

• Unions: Public sector unions, which have also recently come under greater scrutiny 

by policymakers, play a major role in shaping education policy. Teacher unions are 

notably stronger in some states than others, and research suggests that unions have 

a powerful effect on education systems. Unions, however, are also some of the least 

studied forces in education, so their true effect remains unclear. 

Overall, education research has identified many important factors relating to education 

achievement. Although the magnitude and/or direction of effect for some factors remains 

unclear, research demonstrates that student factors, school and teacher factors, finance 

factors, government policies, and unions are all important components of education systems. 

I next review the literature for each of these categories of factors. 

  

Roman M. G. Larson16



3.1 Student and Family Background Factors 

In 1966, the influential “Equality of Educational Opportunity Study” (more commonly 

known as the Coleman Report, after its lead author) became one of the first studies to 

identify the importance of family background. Commissioned by the United States 

Department of Health, Education, and Welfare as part of the Civil Rights Act of 1964, the 

Coleman Report launched a debate on school effects and school resources that continues 

today. Using a national sample of over 650,000 students and teachers in over 3,000 schools, 

Coleman et al. found that measurements like per-pupil expenditure were unrelated to 

achievement after controlling for social background. The relative unimportance of school 

factors on student achievement fueled significant academic interest on the effects of school 

resources and contrasted sharply with President Lyndon Johnson’s emphasis on increased 

education funding as part of the Great Society Initiative (Clark 1996). The study also found 

that student achievement was not only significantly related to family background, but also 

somewhat related to the social backgrounds of other students in the school. The findings 

significantly contributed to desegregation policy in the years following the Report. 

 In wake of the Coleman Report’s significant findings, other scholars have also 

focused on the effect of student and family background on achievement. Using census data, 

studies showed the continued educational attainment differences between black and white 

students, commonly known as the achievement gap today (Smith and Welch 1989; Jaynes 

and Williams 1989). Hanushek (2007) discusses how education policy, including “targeted 

funding” for disadvantaged students, has helped little in addressing achievement differences. 

More contemporary scholars have also recognized the existence of the white-black 

achievement gap found in several examinations including the SAT and the National 
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Assessment for Educational Progress (see Hanushek 2010 for a review). The achievement 

gap, while striking and concerning, relates to other family background variables like 

socioeconomic status. 

 Although race is an important factor in student achievement, family background 

relates to other variables in the broader idea of socioeconomic status (SES), which the 

American Psychological Association defines as “the social standing or class of an individual 

or group…often measured as a combination of education, income, and occupation” (Fact 

sheet). Numerous studies have demonstrated the negative impact of low socioeconomic 

status on education achievement. While many studies focus on the effects of SES on test 

score effects (Ladd 2012, Berliner 2006, Sackette et. al 2012, for example), Mayer (1991) 

finds students in high SES schools are less likely to drop out. Additionally, Orr (2007) 

demonstrates that by affecting the amount of cultural capital attained, wealth, or the class 

of a student, affects achievement as characterized by standardized test scores. Since black 

students generally have less wealth than their white peers do, they are impacted greater 

through lower levels of cultural capital attainment. Increased parental education, one of the 

components of SES identified by the American Psychological Association, also positively 

influences a student’s education achievement (Black, Devereux, and Salvanes 2005). A 

report by the U.S. Department of Education concluded, “Research has shown a link 

between parental education levels and child outcomes such as educational experience, 

attainment, and academic achievement” (Aud, Fox, and KewalRamani 2010). In a review of 

58 studies on socioeconomic status and achievement, Sirin (2005) concludes that a medium 

to strong relationship exists. 

 Variables such as a student’s race, parental education, income levels, and other 

socioeconomic status measurements, which are demonstrated in the education literature to 

Roman M. G. Larson18



relate significantly to education, can be categorized more broadly as student and family 

background factors. Although studies focus on one specific factor, race in earlier studies and 

socioeconomic status in more recent studies, they are better grouped together more broadly 

as studies addressing student and family factors. Factors like race and parental education 

impact students long before they enter the school system. In other words, the factors are 

mainly external to the school system. Although research has identified the importance of 

these external factors, education policy rarely focuses on them (Berliner 2009). The 

literature reviewed next focuses on internal elements of the education system, in particular 

the characteristics of schools, and teachers, and later on the topics of funding, government 

policy, and unions. 

3.2 School and Teacher Factors 

 While the Coleman Report highlighted the importance of family in education 

achievement, schools and teachers are also critical aspects of the education system. Some 

scholars misinterpreted Coleman et al.’s results as indicating that “schools don’t matter” 

(Kaplan and Owings 2009), but Hanushek offers further clarity: “finding that a series of 

measures of teacher characteristics do not systematically influence performance is not the 

same as finding that teachers do not matter” (Wößmann and Peterson 2007). Schools and 

teachers ultimately matter to some extent as students learn within schools and in front of 

teachers. Although controversy exists over school factors like class size, recent research has 

shown the importance of some teacher factors. 

 Class size has been promoted by many education reformers as a potential reform to 

increase student achievement. While advocates of reduced classroom size point to potential 

benefits of smaller pupil-teacher ratios like increased attention or individualized instruction, 
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the research on class size offers mixed conclusions. On the one hand, Project STAR, a 

randomized experiment on class size in Tennessee, suggested that smaller class sizes were 

beneficial to student learning, particularly for minority students (Krueger 1999 and 

Mosteller 1990). Krueger and Whitmore (2001) also found positive effects of smaller class 

sizes on the likelihood of taking a college entrance exam, and students in smaller class sizes 

registered moderately higher scores. While reformers and academics often cite Project 

STAR in advocating for reduced class size, Hanushek (1999b) calls into question the 

experimental design and reviews the host of literature pointing to no effect of class size on 

student achievement. Another review of class size by Hanushek (Mayer and Peterson 1999) 

points to evidence that although class sizes have been on the decline for three decades in 

the United States, achievement scores have largely remained flat. While other factors that 

overpower the reduction in class sizes may be contributing to the flat test scores, Hanushek 

explains that the push for reduced class size is a convenient policy tool and an easy political 

reform for parents, teachers, and administrators to support. The continued controversy over 

the effect of class size (Hoxby 2000; Krueger 2003; Heckman 2006; Wößmann and West 

2006; and Chetty et al. 2011) highlights the need to continue researching class size as a 

school factor that may potentially influence student achievement. 

 School type—private, public, Catholic, charter, etc.—may also be related to student 

achievement. In a subsequent study to his landmark report, Coleman and others found that 

Catholic schools are associated with higher achieving students because “they place more 

students in academic programs, require more semesters of academic coursework, and assign 

more homework” (Coleman, Hoffer, and Kilgore 1982 and Hoffer, Greeley, and Coleman 

1985). Coleman, Hoffer, and Kilgore (1982) also demonstrate that public schools produce 

high achieving students when they adopt policies of private schools that produce high 
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achieving students. More recently, Petersen and Llaudet (2006) identify a private school 

advantage on 2003 NAEP scores, refuting the flawed findings of a previous study by the 

National Center for Education Statistics (Braun, Jenkins, and Grigg 2006). Although many 

studies identified private Catholic schools as producing higher achievement, Figlio and 

Stone (1997), correcting for selection bias, argue that nonreligious private schools, rather 

than Catholic schools, produce higher student achievement. Although specific causal 

mechanisms remain unclear, private schools seem to outperform public schools. 

 More recently, charter schools have greatly expanded in the United States as 

alternatives to public schools. Advocates of charter schools argue that charters provide more 

flexibility as they are not subject to the same rules as public schools. Unlike for private 

schools, the evidence on the relationship between student achievement and charter schools is 

mixed. Sass (2006), for example, finds limited increases in test scores of students attending 

charter schools in Florida compared to students in public schools. Conversely, Bettinger 

(2005) and Bifulco and Ladd (2006) find no benefit or negative impacts of charter schools 

on student achievement. More recently, the 2013 National Charter School Study also 

produced mixed results, indicating that charter school students overall made greater year-

to-year gains than students in non-charter schools, but in a subgroup of sixteen states, the 

reverse was true (Center for Research on Education Outcomes). While results are thus far 

mixed, charter schools continue to play an important role in contemporary education 

debates. 

 Besides class size and school type, other school factors such as curriculum, location 

of the school, and peer effects are also somewhat important to education performance. A 

2013 Brookings report, for example, found no effect between increasing enrollment in 

advanced eighth grade math classes and scores on NAEP and found some evidence that 
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increased enrollment waters down advanced classes (Loveless 2013). Researchers have also 

attempted to explain differences in education achievement between urban and non-urban 

schools since the former typically perform worse than the latter. Lankford, Loeb, and 

Wyckoff (2002) find that teacher quality is significantly lower in urban schools, resulting in 

many low-income minority students in classrooms with the least effective teachers. Other 

studies find higher poverty rates as the driving explanation behind lower achievement in 

urban schools (Lippman, Burns, and McArthur 1996 and Duncan and Murnane 2011). In 

terms of peer effects, research suggests that a students’ performance is affected by the peers 

around her. While magnitude varies, Hoxby (2000) and Zimmerman (2003) both find 

positive peer effects (students’ scores increase when surrounded by higher achieving 

students, holding other factors constant). 

 Teachers are a significant aspect of schools, and their role in educational achievement 

has produced much research. Hanushek (2011) asserts, “It has become widely accepted that 

high quality teachers are the most important assets of schools.” Rivkin, Hanushek, and Kain 

(2005) find the benefits of increasing teacher quality to outweigh significantly class size 

reduction. Although research tends to agree on the importance of teachers, no consensus has 

emerged on what exactly teacher quality means. Using value-added models, studies find 

that some teachers produce bigger gains in student learning than other teachers (Hanushek 

and Rivkin 2010), but the question remains, why? Some scholars have attempted to address 

this question by looking at specific characteristics of teachers such as their general 

intelligence, subject matter knowledge, pedagogy knowledge, years of experience, 

certification and others; a review of the literature suggests largely mixed results (Darling-

Hammond 1999). Many of the factors studied relating to teacher quality largely focus on 

state education policy, which I review further below. Hanushek and Rivkin (2006) also 
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discuss incentive structures in teaching, advocating for changes to teacher compensation to 

improve the quality of teaching. Acknowledging that increased salaries alone will probably 

not produce higher achievement, the authors argue in favor of linking increased pay to 

performance in order to attract and retain higher quality teachers. Because research has 

linked teacher salaries to education performance, and salaries account for a significant 

portion of education expenditures, I explore the issue further in the next section on finance 

factors. 

3.3 Education Finance 

 School finance, like the issue of class size, is another controversial topic in education. 

The issue may be controversial partly because money relates to other factors such as class 

size, charter schools, and teacher quality. Perhaps least controversial are the facts regarding 

state spending on education. Since President Johnson’s War on Poverty, education spending 

has dramatically increased. For example, in Utah, the state with smallest inflation-adjusted 

increase in per-pupil expenditures from 1969 to 2010, spending increased 87% (Ujifusa and 

McNeil 2014). While overall spending on education has understandably increased as states 

respond to federal initiatives like No Child Left Behind or the Individuals with Disabilities 

Education Act (IDEA), the gap between the highest spending state and the lowest spending 

state has increased dramatically. According to an analysis by Education Week, the per-pupil 

spending gap increased on average by 235%, with the District of Columbia averaging 

$20,000 in per-pupil expenditures for the 2009-2010 school year. Those are the facts: per-

pupil expenditures have steadily increased and the gap between the highest spenders and 

lowest spenders has also steadily increased. But to what end? Despite added resources, 

achievement scores, as previously mentioned, have remained largely flat. And therein lies 
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the controversy with education spending: how does increased spending affect education 

outcomes? 

 Hanushek (1989) states, “There is no strong or systematic relationship between 

school expenditures and student performance” when controlling for student characteristics 

like socioeconomic status. The majority of the studies he reviewed showed a statistically 

insignificant, and sometimes negative, relationship between per-pupil expenditures and 

achievement. This finding has elicited many responses. Hedges, Laine, and Greenwald 

(1994), for example, argue, “money does matter after all” when using a more sophisticated 

and powerful method of analysis. In response, Hanushek (1994) reasserts his earlier 

conclusion that simply “throwing money at schools” is not a productive policy tool. Further 

studies have also substantiated the initial finding that resources in aggregate tend to matter 

little in educational outcomes (Hanushek 2006). This result holds even when considering the 

dramatic expansion of special education spending, and other effects that may have impacted 

funding and performance over the last several decades (such as an increasing number of 

parents with college educations and increasing number of students who don’t speak English 

at home). Other studies have confirmed the seeming irrelevance of aggregate per-pupil 

education expenditures. Guryan (2001) found per-pupil expenditure had no impact on 

eighth grade test scores, the same grade level used in this study. Similarly, two studies 

conducted by the Iowa Department of Education found an inverse relationship and no 

relationship between per-pupil expenditure and achievement. 

 Although the above review seems to suggest that money matters little, a more 

nuanced approach to the money question reveals a slightly more complicated answer. After 

all, without any money, schools could not operate, so the more relevant question seems to 

be, are there specific areas in education where more money might make a difference? The 
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research cited above discourages simply giving schools more money: that is an inefficient 

way to increase student achievement. Rather, those studies, and others as well, have 

encouraged the funding of proven policy solutions as a more efficacious way to spend 

education dollars. Jacques and Brorsen (2010), for example, find a small but statistically 

significant positive effect of money on student performance when dollars are targeted 

towards instruction. As previously mentioned, Hanushek and Rivkin (2006) have similarly 

advocated for realigning incentive structures for teachers by linking pay to performance. In 

a follow-up study, Hanushek (2007) advocates for specific adjustments to teacher salaries, 

rewarding with higher salaries those who produce better outcomes (i.e. higher student 

achievement). These studies suggest that current education funding should be adjusted to 

target areas that may actually affect student performance: namely, teacher and instructional 

quality. It is important to note that simply increasing average teacher salary pay across the 

board is expected to have little or no effect on education outcomes. Increasing salaries 

across the board would simply reinforce the status quo of a single-salary schedule and not 

realign incentives in the way that Hanushek and others advocate (Odden and Kelley 2002). 

Finally, classroom size also relates to education finance as many reformers advocate for 

lower class sizes, which usually necessitates an increase in funding. See the section on school 

and teacher factors for a discussion of class size. Overall, money does seem to matter in 

education, but only when spent on efficacious policy initiatives. 

3.4 Government Policy 

 Broadly, government policy encompasses many of the issues discussed above. State 

governments often are the ones who often set school funding policy, determine rules for how 

schools operate, and so on. In the last thirty years, government has taken a more prominent 
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role in education policy. Not only has the role of the federal government in education 

increased, but states themselves have also become more involved by setting standards and 

designing new accountability systems for schools. These standards and accountability 

systems will be the focus of the Government Policy section, although other government 

interventions may be important (like teacher certification requirements mentioned in the 

section on teacher factors). Standards are perhaps one of the only factors that can be 

exclusively discussed under the banner Government Policy, so I focus on them here. 

The recent implementation of the Common Core State Standards is just one example 

of the burgeoning role of government policy in education that may not fit well into the 

other categories previously explored. Additionally, the idea of accountability has taken 

center stage in many states. Texas, for example, runs the Accountability Rating System for 

Texas Public Schools and Districts, which rates all schools in Texas with one of the 

following labels: “met standard, met alternative standard, or improvement required.” In 

fact, since 2005, all states and the District of Columbia have had some form of school report 

card system in place. While over the last ten years the depth and sophistication of school 

report card programs have dramatically improved, accountability efforts have been well 

underway for many years. With such a significant focus on accountability, solidified by the 

passage of No Child Left Behind, one might wonder how different accountability systems 

influence student achievement. After all, conventional wisdom seems to suggest that higher 

standards push students to achieve more (Clark and Cookson 2012). 

 Most research suggests that strong accountability and standards systems lead to 

higher student achievement. Carnoy and Loeb (2002), for example, concluded that states 

with “high-accountability” registered greater gains on the National Assessment for 

Educational Progress (NAEP) eighth grade mathematics test compared to students in 
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states with weak or no standards regimes. A similar conclusion was reached by Raymond 

and Hanushek (2003), who found that states with systems in place that reward or sanction 

schools based on academic performance registered higher gains on the NAEP assessment. 

That study was highly critical of research done by Amrein and Berliner (2002) which 

suggested that accountability and high-stakes testing had no positive benefit on student 

learning, and in some cases student learning actually decreased in the wake of high-stakes 

tests. In light of that controversy, it may be helpful to distinguish between accountability, 

standards, and the testing that typically accompanies the standards. 

Accountability is the broad idea that schools should be held responsible for student 

learning. Framing education in terms of accountability suggests that schools should have 

particular goals, although the specific goals themselves are up for debate. The idea of 

standards is an extension of accountability. It is important to recognize two branches of 

standards: content and performance. Goals 2000 defined content standards as “broad 

descriptions of the knowledge and skills that students should acquire in a particular subject 

area.” Performance standards, on the other hand, are defined as “concrete examples and 

explicit definitions of what students have to know and be able to do.” Finally, testing has 

been the way that reformers and policymakers have put standards into practice. In the ideal 

world, testing would demonstrate whether students have met established content standards 

by measuring learning against certain performance standards. This data would then be used 

in holding schools, teachers, and education systems more broadly accountable (i.e. those 

entities would be rewarded or sanctioned for student performance) for student learning. Of 

course, putting that ideal model into practice proves tricky, and much of the disagreement 

over standards and accountability emerges in the development and implementation of the 

standardized exams in which students participate. 
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 Nichols, Glass, and Berliner (2006) assert, “There is no consistent evidence that 

high-stakes testing works to increase achievement. Although data suggest the possibility 

that high-stakes testing affects math achievement—especially among eighth graders and for 

some sub-groups of students—the findings simply are not sufficiently consistent to make the 

stronger claim that math learning is benefited by high-stakes testing pressure.” Note that 

they focus exclusively on the testing regimes that have developed over the last decades in 

response to pressure for greater accountability and higher standards. They point to 

potential unintended consequences of high-stakes testing, such as teaching to the test, 

focusing solely on students who are on the margin of proficient, excluding potentially low 

achieving students from testing, etc. Research by Heilig and Darling-Hammond (2008) 

showed similar unintended consequences as schools, in response to the incentive system 

established by high-stakes testing, tried to “game the system” through exclusionary 

practices such as enrolling more students in special education or requesting a language 

exemption. Hanushek and Raymond (2005) address the special education issue, concluding 

that although special education enrollments increased nationally with the adoption of 

standards systems, there was no systematic relationship to state accountability. 

 In general, then, standards and accountability seem to have a positive impact on 

student learning, but the relationship should be viewed cautiously (Shepard, Hannaway, and 

Baker 2009). Numerous factors like the potentially exclusionary practices mentioned above, 

or test-score inflation, may affect findings. More generally, identifying a causal relationship 

between state accountability systems and student learning is of course difficult, especially 

with questions over the content and validity of the tests themselves. While some researches 

dispute the benefits of accountability systems, all states have moved vigorously towards 

implementing high-stakes testing programs. With the development of Common Core and 
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the associated tests, the trend of states implementing accountability and standards through 

testing will seemingly continue for the foreseeable future. 

3.5 Unions 

In the last several years, teacher unions have come under greater scrutiny as 

Republican governors like Scott Walker of Wisconsin have attempted to limit collective 

bargaining rights. Although political scientists may question the motivations of Republicans 

who seek to limit union power (see for example Slater 2011), education scholars and 

economists have been interested in the influence of teacher unions on education outcomes. 

Caroline Hoxby (1996), for example, finds that teacher unions have increased the amount of 

inputs (i.e. funding) to schools, yet through decreased productivity, have negatively affected 

student performance. Similarly, Terry Moe (2011) argues that unions, through collective 

bargaining, protect the interests of their members rather than promoting the interests of 

students. He rejects notions of reform unionism, claiming that even seemingly reform-

minded union leaders like Randi Weingarten will “ultimately weaken, limit, and dissipate 

reform when the job-related interests of her members call for it.” In a 2010 interview with 

ABC’s This Week, Weingarten claimed, “states that actually have lots of teachers in teacher 

unions tend to be the states that have done the best in terms of academic success in this 

country.” As has been the case with other factors, competing claims point to two different 

and opposing effects of teacher unions on student achievement. Research demonstrates that 

the results are largely inconclusive regarding teacher unions and further research is 

necessary to uncover the true effects (Burroughs 2008). 

On the one hand, researchers like Hoxby and Moe continue to find negative effects of 

unions. Moe (2009) shows a negative effective of collective bargaining in large school 
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districts, with greater negative effects for high-minority schools. Strunk (2011) argues that 

collective bargaining agreements that are more restrictive are associated with lower average 

student performance, although there was no effect on achievement growth. In another recent 

study, Lott and Kenny (2013) found that students in states with stronger unions, where 

members pay higher dues and unions spend more, have lower test scores after controlling for 

a host of factors. 

 On the other hand, some studies have cast doubt on the negative effect of unions. 

An early study that examined student-level data (Eberts and Stone 1987) found that 

teacher unions were 7% more productive for average students because unions helped to 

“standardize the workplace.” For lower achieving and higher achieving students, however, 

nonunion districts tended to be more productive because they allowed for greater 

specialization of instruction. Lovenheim (2009) found no effect of unions on high school 

dropout rates and found that unionization did not increase teacher pay, although his study 

was limited to unions in three Midwestern states. Analyzing the effect of unions at the state 

level, Carini, Powell, and Steelman (2000) find that the presence of teacher unions positively 

affects SAT and ACT scores. Finally, in another study Robert Carini (2002) concludes, 

“The evidence suggests that unionism raises achievement modestly for most students in 

public schools.” He goes on to clarify, however, similar to Eberts’ and Stone’s findings, that 

unions “hurt the lowest- and highest-achieving students.” 

With results that are seemingly at odds with one another, it is hard to draw a clear 

conclusion on the effects of teacher unions. There seems to be some concurrence that unions 

hurt lower- and higher-achieving students, although more analysis should be done to 

confirm this result. Perhaps most significant in economic terms, though, was a 2007 follow-

up study by Randall W. Eberts who showed that the performance of average ability 
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students increased in union districts, but the increased cost of education due to unions did 

not justify the gains. Unions may very well increase the achievement of some students, but 

their clear effect is on the costs of education: while estimates abound, Eberts suggested that 

unions drove up the costs of public education by more than 15%. Researchers should 

explore further the economic efficiency of unions. However, researchers heavily disagree on 

the best methodology for studying the effects of collective bargaining on student 

achievement. For example, Hanushek, Rivkin, and Taylor (1996) argue that state-level 

studies are upwardly biased as they overstate the effects of resources. As unions typically 

have the effect of increasing school resources, this argument suggests that the effect of 

unions in state-level studies is also overstated. Others argue that state-level studies are more 

appropriate due to the increased centralization of education policymaking (Carini, Powell, 

and Steelman 2000), but this assertion ignores the fact that education structures remain 

extremely localized in the United States. Overall, very few studies have examined how 

unions affect the costs of public education, and the subsequent effects on student 

achievement. 

3.6 Summary Table 

 If the above literature review shows anything, it is that education is complicated and 

the specific effects of various variables are extremely difficult to determine. Consensus has 

developed on the effect of particular factors, like family background and socioeconomic 

status, while other factors like the effect of unions remain highly contested. Given the 

complicated nature of education, teasing out specific effects is difficult. Students are 

influenced by their home life, teachers bring to classrooms their own backgrounds and 

experiences, schools dictate many rules and requirements, governments fund schools and 
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impose regulation, and other external factors like the health of the economy affect the 

relationship between the various factors and student achievement. 

Additionally, the way I have grouped the factors is rather subjective. As noted 

above, for example, education finance plays a significant role in many of the factors grouped 

under class size and school type. A different sorting of the factors would not change their 

effects, but I have framed the factors as such to aid further analysis later in this paper as I 

explore the most significant variables influencing student achievement. Finally, it is 

important to remember that student achievement is merely one output that may be 

examined in education. Some scholars reject standardized tests as an inappropriate measure 

of whether or not schools fulfill their goals (see Popham 1999 or Kohn 2000, as examples). 

Other scholars, embracing standardized testing data, have broadened the discussion to 

include potential economic impacts of education (see Hanushek, Peterson, and Wößmann 

2013, for just one example). Still others study education in the context of health outcomes 

(see Cutler and Lleras-Muney 2006, for example). Overall, this study and the literature 

review focuses on one narrow aspect of education: student achievement measured through 

standardized testing. Table 1 provides a summary of the literature reviewed in this section. 
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Table 1: Summary Table of Factors and Their Effect on Student Achievement 
Factor Result Studies 

Student Factors  

Family Background/Race 
Family background and race significantly affect education 
achievement; low-income students and minorities tend to 
perform worse 

Coleman et al. 1966; Clark 1996; Smith and Welch 1989; 
Jaynes and Williams 1989; Hanushek 2007; and Hanushek 
2010 

   

Socioeconomic status 
Lower socioeconomic status is associated with lower 
achievement 

Berliner 2009; Mayer 1991; Orr 2007; Black, Devereux, and 
Salvanes 2005; Aud, Fox, and KewalRamani 2010; and Sirin 
2005 

School and Teacher Factors  

Class size 

Mixed results; class size tends to matter less than other 
factors like teacher quality 
 

Krueger 1999; Mosteller 1990; Krueger and Whitmore 2001; 
Hanushek 1999b; Mayer and; Peterson 1999; Hoxby 2000; 
Krueger 2003; Heckman 2006; Wößmann and West 2006; and 
Chetty et al. 2011 

   

School Type 

Evidence suggests that private schools perform modestly 
better than public schools; mixed results on charter schools 
with recent research indicating charter schools perform as 
well or better than public schools 

Coleman, Hoffer, and Kilgore 1982; Hoffer, Greeley, and 
Coleman 1985; Coleman, Hoffer, and Kilgore 1982; Petersen 
and Llaudet 2006; Braun, Jenkins, and Grigg 2006; Stone 
1997; Sass 2006; Bettinger 2006; Bifulco and Ladd 2006; 
Center for Research on Education Outcomes 2013 

   

Location 
Urban schools perform worse than non-urban schools Lankford, Loeb, and Wyckoff 2002; Lippman, Burns, and 

McArthur 1996; Duncan and Murnane 2011 
   

Curriculum 
Enrollment in more advanced courses in eighth grade was not 
associated with increased achievement 

Loveless 2013 

   

Peer effects 
Some evidence to suggest that student performance increases 
when a student is surrounded by higher achieving students 

Hoxby 2000; Zimmerman 2003 

   

Teacher quality 

Teacher quality matters significantly as higher quality 
teachers are associated with higher education achievement; 
mixed results on quality implications of salaries, credentialing, 
and other policies (explored further in next sections) 

Hanushek 2011; Rivkin, Hanushek, and Kain 2005; Hanushek 
and Rivkin 2010; Hammond 1999; Hanushek and Rivkin 2006 
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Table 1 (continued): Summary Table of Factors and Their Effect on Student Achievement 
Factor Result Studies 

Finances  

Per-pupil expenditures 

Per-pupil expenditures have steadily risen over the last 
few decades, and a growing gap has emerged between the 
highest spending states and lowest spending states. Other 
research suggests that aggregate spending on education 
has no relationship to student achievement, although 
targeted spending on efficacious policy may have a 
positive impact on student achievement. 

Ujifusa and McNeil 2014; Hanushek 1989; Hedges, Laine, and 
Greenwald 1994; Hanushek 1994; Hanushek 2006; Guryan 2001; 
Jacques and Brorsen 2010; Hanushek and Rivkin 2006; Hanushek 
2007; Odden and Kelley 2002 

Government/Policy Factors   

Accountability and 
standards 

Results mixed. Research suggests that standards and 
strong accountability systems can lead to higher student 
achievement. 
 
However, some research suggests that there are negative 
effects and negative unintended consequences of the high-
stakes testing associated with accountability. 

Clark and Cookson 2012; Carnoy and Loeb 2002; Raymond and 
Hanushek 2003; Hanushek and Raymond 2005; Shepard, Hannaway, 
and Baker 2009 
 
Amrein and Berliner 2002; Nichols, Glass, and Berliner 2006; Heilig 
and Darling-Hammond 2008 

Unions   

Effect of unions on student 
achievement 

Results mixed. 
Some studies suggest that unions hinder student 
achievement and decrease efficiency in schools. 
 
Other studies argue that unions may actually increase 
student achievement, but may have a negative impact on 
the lowest- and highest-achieving students. Unions 
generally help increase school inputs, but the effect of 
these increased inputs remains debated. 

Hoxby 1996, Moe 2007; Moe 2009; Moe 2011; Strunk 2011; Lott and 
Kenny 2013; Hanushek, Rivkin, and Taylor 1996 
 
Weingarten 2010; Eberts and Stone 1987; Lovenheim 2009; Carini, 
Powell, and Steelman 2000; Carini 2002; Burroughs 2008 
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4 Variation in Education Performance on NAEP 

The analysis of state variation proceeds in two parts. I begin with an overview of the 

data used in the cross-sectional and panel data analyses. Next, I conduct a cross-sectional 

analysis to help explain variation in the 2011 NAEP scores by state. I conclude this section 

with panel data analysis of NAEP scores since 2003. 

4.1 Data 

Much of the data for this study comes from the NAEP database available online 

through the National Center for Education Statistics (NCES). As previously mentioned, the 

NAEP reading and mathematics tests are national standardized exams administered to a 

random sample of fourth, eighth, and twelfth grade students in all fifty states, the District 

of Columbia, and the Department of Defense schools (DoDEA).4 While the Department of 

Education administers NAEP as a student-level examination with teachers and school 

administrators providing classroom and school-level information, I analyze state-level data 

generated from individual student results 

The eighth grade mathematics scores are used as the dependent variable in the cross-

sectional and panel data analysis for several reasons grounded in the literature. Raymond 

and Hanushek (2005) point to the generally accepted validity of the NAEP test in 

measuring student achievement, as the test cannot be prepped for easily, and states have 

little incentive to game the system since student, school, and district level data is not 

reported. This study focuses on math scores because schools and teachers are more likely to 

4 The Department of Defense schools were entirely excluded from all analysis due to data limitations. 
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impact student performance on math than reading (Chetty, Friedman, and Rockoff 2011). 

Whereas math concepts are typically concrete and problems with learning are easy to 

diagnose, reading concepts can be challenging to learn and problems are difficult to identify. 

Additionally, parents may invest more of their time in helping their children learn to read as 

opposed to teaching math skills. As Professor Geoffrey Borman of the University of 

Wisconsin Center for Education Research explains, “Your mother or father doesn’t come up 

and tuck you in at night and read you equations” (Rich 2013). The lack of mathematics 

teaching at home means teachers as opposed to parents make the most measurable impact 

on students’ math knowledge. 

I use eighth grade scores as opposed to fourth or twelfth grade scores largely due to 

time constraints. Much of the analysis that follows could be repeated (with slight data 

adjustments) for other levels. Eighth grade also seemed like the most appropriate grade level 

to use because some of the data (when eighth grade specific data was not available) applies 

to the K-12 system as a whole. Moreover, amongst the three choices, eighth grade was the 

year closest to the middle. Finally, many other researchers have used the eighth grade 

assessments in their own work (see Raudenbush, Fotiu, and Cheong 1998, for example). 

Nevertheless, much of the literature is split between using the fourth and eighth grade 

NAEP exams. 

 In addition to the eighth grade mathematics scores, I obtained other state-level data 

for each of the following variables in the NAEP datasets: 

• Location of school 

• Whether the student was assigned to a math class by ability (math tracking) 

• Charter status of the school 

• English Language Learner (ELL) status 
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• Disability status 

• Student disability and/or ELL status combined 

• Race 

• Parental education level (highest education level completed of either parent) 

• Mother’s education level 

• Father’s education level 

• National school lunch eligibility 

• Gender 

Specific question wording and potential responses for each of these variables is presented in 

Appendix A. Nearly all variables used in this study from the NAEP dataset are reported by 

schools as opposed to by students. Using data from schools and teacher records should be a 

more accurate approach as students may misreport data for various reasons (not 

remembering, embarrassed by the answer they would provide, etc.). Parental education level 

data, however, is student-reported, so some caution should be exercised in the interpretation 

of the variables’ effects. 

Based on the literature review, I collected and compiled data for several variables from 

other sources to expand the analysis beyond the NAEP dataset: 

• Exit exam required or not 

• Private school enrollment 

• Student-teacher ratio 

• Average teacher salary 

• Per-pupil expenditures (instructional and total) 

• Strength of state standards 
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• Strength of state teacher policies based on measurements by the National Council on 

Teacher Quality (NCTQ) 

• Union membership (percentage of public sector workers covered by a union) 

Table A2 in Appendix A provides a brief explanation of each of these variables and their 

source. The data collection phase of this study revealed several potential problems that may 

impact the findings. First, no student level data was available for any variable. Due to 

student privacy concerns, the National Center for Education Statistics limits data analysis 

to the state-level for researchers without a restricted data license. Outside of the NCES 

database, data was nearly impossible to find at the student-level in a consistent manner 

across different organizations.5 In an ideal study, a researcher might conduct randomized 

control trials with groups of students that she could follow to compare the effects of 

changing certain variables. However, cost and logistical issues make that nearly impossible. 

Additionally, because this study strives to compare several variables (which means the data 

came from different sources and was not necessarily consistent in terms of years represented 

or grade levels represented) identified as important to student achievement, broad levels of 

data had to be used. Although the dependent variable is eighth grade mathematics scores, 

some variables (specified in Table A3 in Appendix A) reflect the entire K-12 system. Ideally, 

all of the variables would be limited to eighth grade mathematics contexts, but this was not 

possible due to how the National Center for Education Statistics and other entities report 

their data. Conclusions from the analyses that follow will necessarily be weaker, and all 

results should be interpreted with caution. 

5 For the panel data in this study, I was looking for data that aligned to the NAEP examinations, which 
was a stringent requirement on data sources outside of the NAEP dataset. For each variable I was 
interested in studying, I would have ideally located student-level data for each year of the NAEP test. 
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One other major concern with the data is timing. Because school years span two 

calendar years, a problem arises when organizations provide data representative of calendar 

years and do not specify the months in which they collected the data. This issue does not 

apply to data from the NAEP dataset all variables in that dataset align with the year in 

which the assessment was administered. For example, the 2013 NAEP assessments were 

administered in January, February, or March of the 2012-2013 school year, and the 

government reported the results in December 2013. Ideally, all data for the 2013 NAEP 

assessment would be from the 2012-2013 school year (roughly September 2012 through June 

2013). However, some data (i.e. strength of state standards) were provided for calendar 

years only. When this situation arose, I used data from the later year for a given school 

year. Thus, for 2010-2011 union membership, I used figures provided for the 2011 calendar 

year. Similarly, all finance variables (per-pupil expenditures, average teacher salary, and 

average starting teacher salary) were adjusted using the Comparable Wage Index (explained 

below) from the later year for a given school year. While more imprecise than using 

variables that span school years, this practice introduces only minimal error into the models 

as long as the practice is consistent for each variable and each year used in the analysis. Put 

simply, some variables change calendar year to calendar year as opposed to school year to 

school year. For more information on the issue of timing, please see Tables A3 and A4 in 

Appendix A where I provide a table listing the years covered for all variables. This table 

also shows which variables are missing data for a particular NAEP assessment. 

As previously mentioned, all of the finance data was adjusted using the Comparable 

Wage Index (CWI), a tool that can help account for geographic cost differences (Taylor and 

Glander 2006). Taylor developed the index along with the National Center for Education 

Statistics to improve upon previous indices measuring geographic cost of living differences. 
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The logic behind the index is as follows. In areas with higher living costs or worse amenities 

(such as poorer police protection in Detroit), workers will demand higher wages. The index 

captures the differences in wages across the country by calculating variations in the wages of 

college educated, non-educator workers. The CWI captures differences in wages across time 

as well, by pegging 1999 as the base year; thus, the index increases over time to reflect 

increases in price levels. The authors cite multiple advantages in using the CWI: “there is 

no risk that a cost-of-living index confuses high-spending districts with high-cost districts. 

Citing research by Hanushek (1999a) and Goldhaber (1999), Taylor also points out that the 

index will not be biased due to limited competition in the teacher market, as the index does 

not directly take into account educator wages. 

Potential problems do exist with the index, however. First, the index only 

incorporates labor costs, and although labor costs are a large part of education finance, 

other costs exist as well. For the purposes of this study, however, the CWI is appropriate 

because two of the finance variables are labor cost variables, and the other finance variable, 

per-pupil expenditures, is dominated by labor costs. Second, the index assumes that workers 

are mobile, which means the index ignores potential barriers to workers moving around. 

Employers in areas with high-growth may need to pay higher wages to a worker, which is 

not captured in the index. Additionally, the index does not address more nuanced 

differences in cost-of-living such as those between school districts. Focusing on large labor 

markets, however, should not be a problem for this study as I use a state-level approach. 

The CWI captures education cost differences more accurately than might a 

traditional Consumer Price Index (CPI) deflator because education costs are dominated by 

labor costs. This study needs to take into account differences in living costs between states 

for a fair comparison of finances, which can only happen by using the CWI, as the CPI does 
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not capture state-level cost differences. The CWI has not been updated beyond 2011, so all 

finance data for 2013 NAEP are excluded from this study. The technical specifications of 

how the index was constructed can be found in Taylor and Glander’s article. 

 Another problem that emerged during data collection was the limited availability of 

starting salary data for teachers. The American Federation of Teachers (AFT) previously 

published reports on the state of teacher salaries, breaking down average starting teacher 

salaries by state. The organization ended this practice after releasing its 2007 Salary Survey. 

The National Education Association (NEA) released state-level data on average starting 

teacher salaries for the 2012-2013 school year, but data for other school years could not be 

found. Ideally, a study examining teacher salary effects would use starting teacher salary or 

salaries of teachers with a given amount of experience. That approach would eliminate the 

potential bias that emerges in using average teacher salary. For example, average teacher 

salary does not account for what could be an aging teacher workforce. Increases in average 

teacher salaries may be driven by age of teachers rather than teacher quality. While older 

teachers certainly have more experience, average teacher salary may not be an adequate 

measure of the talent that the teaching profession attracts. 

Another way to interpret this potential bias is through Moe’s (2011) argument about 

union power. Unions themselves may increase average teacher wages across the board 

without any accompanying increase in years of experience or age. This bias would 

potentially be more significant in states with stronger unions. 

The data source for average teacher salary may also be problematic. The National 

Center for Education Statistics collects salary data from the National Education 

Association, the largest teachers union (and labor union more broadly) in the United States. 

Again, applying Moe’s (2011) logic to this potential bias, the salary data may be 
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downwardly biased as the NEA may attempt to underreport the true wages of teachers in 

an attempt to gain further wage increases. It is hard, if not impossible, to disentangle the 

magnitude of these biases, so one must cautiously interpret the salary variables. Overall, the 

problems with the salary data highlight the need for more accurate, unbiased measurements 

of teacher salaries. 

Recent pushes for more measurements and more data by governments, policymakers, 

and researchers has led to the explosion of education data. For reasons explained above, 

however, much of the data lacks precision in terms of the level at which the data is reported 

(state vs. student vs. school, etc.), and the timing of the data. Continued improvements in 

data collection and reporting may address these issues. All of the variables selected for 

inclusion in this study were obtained based on previous research as discussed in the 

literature review. Table 2 connects each variable included in this study to one of the broad 

categories of variables outlined in the beginning of the literature review.6 Efforts were made 

to avoid data mining (the NAEP dataset contains over 1,000 variables) to produce a more 

valid statistical analysis. As pointed out by many researchers, data mining may lead to 

results that are significantly biased and heavily influenced by the researcher, among other 

problems (see Grover and Mehra 2008). In compiling data for this study, the goal was to 

obtain data on at least one variable from each of the major categories as the analysis that 

follows attempts to identify the role of each broad category in affecting student 

achievement. Because I use a state-level approach with the 50 states as the unit of 

6 Other variables exist for each category that may more precisely measure that category’s effect. However, 
only certain data aligned with the NAEP assessments used in this study. 
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observation, the research presented here is limited by degrees of freedom and caution was 

exercised when deciding which variables to include. 

 

Table 2: Aligning Variables to the Five Categories 
Category Variables Included 

Students (Family 
background and 

socioeconomic status) 

National school lunch eligibility 
Race 
Parental education level (highest of either 
parent) 
Mother’s education level 
Father’s education level 
Student disability and/or ELL status 
(combined) 
ELL status 
Disability status 
Gender 

Schools and teachers 

Assigned to math by ability (math 
tracking) 
School location 
Charter status 
Exit exam 
Private school enrollments 
Student/teacher ratio 

Finance 

Average teacher salary 
Average starting teacher salary 
Per-pupil expenditures 
Instructional per-pupil expenditures 

Government policy 
Strength of state standards 
NCTQ rating 

Unions Public sector union membership 
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4.2 Dependent Variable: Overview of NAEP Scores 

 As explained in the previous section, the eighth grade mathematics NAEP scores are 

the dependent variable in this study. This section provides an overview of the NAEP scores 

themselves, to inform the interpretation of other variables in the regression analyses. 

 The eighth grade mathematics exam is scored on a scale of 0—500 based on Item 

Response Theory (IRT), a special type of response analysis used for scoring many 

standardized exams. Additionally, the National Center for Education Statistics identifies 

three levels of performance based on specific cut scores. Students performing at the below 

basic level on the eighth grade mathematics exam score 262 points or below. Students 

performing at the basic level score between 262 and 299 points. To be considered proficient, 

students must score between 299 and 333 points. The advanced level is defined as 333 

points or higher. Appendix B includes specific definitions from the Nations’ Report Card 

(the reporting tool used to provide the public with information on NAEP performance) for 

each level of achievement. 

 Nationally, eighth grade mathematics scores improved on average by one point 

between the 2011 and 2013 examinations. Since the first assessment in 1990, average eighth 

grade mathematics scores have increased by 22 points. Average scores were 7 points higher 

on the 2013 examination compared to 2003, when all states began participating in NAEP. 

Some basic analysis of the NAEP scores over time reveals some interesting trends. Figure 1 

graphs the NAEP performance for select states (Appendix B includes a graphic of all states 

and their performance on NAEP since 2003). Although many states have moved up and 

down relative to one another, the top performers and bottom performers remain consistent. 

Since 2005, Massachusetts has consistently outperformed every other state in the nation. 
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Conversely, for every year in the panel data, Washington D.C. has performed the worst, 

although it did make the largest improvement from 2003 to 2013 of all the states. Another 

interesting state is New Jersey, which climbed from 18th place in 2003 to second place in 

2013. Finally, Iowa was the worst improver among all the states: students in Iowa averaged 

an increase of only one point on NAEP examinations in the ten-year period from 2003 to 

2013. Table B1 in Appendix B presents each state’s NAEP score for each testing year, 

sorted by largest to smallest gains in NAEP scores. 

Another helpful method for comparing state scores on NAEP is to compare the 

standard deviations. The standard deviation for the eighth grade mathematics NAEP scores 

was 36 points for all testing years since 2003 except in 2013 when the standard deviation 

was 37 points. As mentioned in the Introduction, states like Massachusetts are nearly one-

half standard deviation above the national mean while Washington D.C. was over one-half 

standard deviation below the mean. Table B2 in Appendix B presents how many standard 

deviations away from the national mean each state scored in each testing year. 

 Looking at NAEP scores by race underscores the significant achievement gap 

between white students and black students, and low income and high income students. In 

2013, 45% of white students scored at or above the proficient level while only 14% of black 

students did so. Hispanics performed slightly better than black students with 21% scoring at 

or above the proficient level. Similarly, significant differences in scores exist based on 

socioeconomic status. Amongst students identified as eligible for free lunch, only 18% scored 

at the proficient level, while amongst the students that were not eligible for free lunch, 49% 

scored at the proficient or advanced level. Differences in achievement based on this 

socioeconomic variable have remained largely consistent since 2003. See Appendix B for 

more on achievement based on race and socioeconomic status. 
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 One other important concept to keep in mind is that this study focuses on average 

state-level scores. Around these averages, significant variation exists. For example, although 

only one state reached the proficient threshold based on average scores, national figures 

demonstrate that 26% of the nation’s students scored at the proficient level on the 2013 

eighth grade mathematics NAEP exam, and 8% scored at the advanced level. 39% of the 

nation’s students scored at the basic level, and 27% scored below the basic level. Moreover, 

in Massachusetts (traditionally the highest performing state) 14% of students performed 

below the basic level, 31% scored at the basic level, 36% performed at the proficient level, 

and 18% performed at the advanced level. Alternatively, in Washington D.C., only 19% of 

students performed at the proficient or advanced level. Although averages reflect how states 

are performing broadly, even more variation exists behind these averages. This variation 

further underscores the benefits of a student-level analysis: an analysis of variation in 

education achievement using student-level data would be able to include these differences 

between high performing students and low performing students within states or school 

districts.
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4.3 Independent Variables: Initial Analysis 

 Based on the literature review, I use five groups of factors to explain variation in 

education performance: student factors, school and teacher factors, government/policy 

factors, and union factors. For the cross-sectional analysis in particular, the number of 

variables I can include is limited by the small number of observations (51 when no 

observations are dropped), which limits degrees of freedom. Because each variable from the 

NAEP dataset has several answer choices (essentially increasing the number of variables), I 

correlated each answer choice to that year’s NAEP score. Where appropriate, I also 

collapsed answer choices (such as for the race variable: white, nonwhite, etc.). I then 

averaged the correlations for each variable across the six testing years. Correlations are then 

highlighted based on the following scale: variables that are “extremely correlated” are 

highlighted in red, variables with high correlation in green, variables with some correlation 

in white, and variables with weak correlation in yellow. 

4.3.1 Student and Family Background Factors 

As expected based on the literature, the national school lunch variable, a proxy for 

poverty rates, produces the highest correlations with NAEP scores. Nevertheless, other 

variables like race and education level of the mother or father are also highly correlated with 

NAEP scores. In fact, only the student factors group contains variables with correlations 

exceeding 0.500. Without further analysis, the data reflects much of the widely accepted 

research on the effects of student background and socioeconomic characteristics. 
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Table 3: Student Factors Correlations 

Variable Breakdown 
Correlation Coefficients 

2003 2005 2007 2009 2011 2013 Average 

Disability 

Identified as student with 
disability 

0.124 0.069 0.159 0.194 0.239 0.305 0.182 

Not identified as student 
with disability 

-0.124 -0.069 -0.159 -0.194 -0.239 -0.305 -0.182 

ELL 
ELL -0.269 -0.186 -0.212 -0.197 -0.152 -0.135 -0.192 
Not ELL 0.269 0.186 0.212 0.197 0.152 0.135 0.192 

Student 
Disability 
and/or ELL 
Status 
(combined) 

Student with disability 
(SD) 

0.195 0.092 0.186 0.212 0.275 0.326 0.215 

English language learner 
(ELL) 

-0.240 -0.166 -0.209 -0.174 -0.129 -0.119 -0.173 

Both SD and ELL -0.225 -0.115 -0.152 -0.193 -0.095 -0.114 -0.149 
Neither SD nor ELL 0.143 0.130 0.096 0.001 -0.116 -0.143 0.018 

National School 
Lunch 
Eligibility 

Eligible -0.818 -0.820 -0.801 -0.845 -0.809 -0.853 -0.825 
Not Eligible 0.833 0.813 0.808 0.846 0.814 0.845 0.827 
Info not available -0.199 -0.80 -0.032 0.059 0.005 -0.097 -0.057 

Parental 
Education Level 
(highest of both 
parents) 

Did not finish high school -0.583 -0.509 -0.479 -0.492 -0.507 -0.461 -0.505 
Graduated high school -0.485 -0.571 -0.582 -0.705 -0.678 -0.753 -0.629 
Some education after 
high school 

-0.238 -0.193 -0.330 -0.467 -0.542 -0.480 -0.375 

Graduated college 0.738 0.731 0.740 0.749 0.742 0.744 0.741 
Unknown -0.373 -0.383 -0.434 -0.292 -0.327 -0.318 -0.355 
Non-college (collapsed) -0.583 -0.509 -0.479 -0.492 -0.507 -0.461 -0.505 

Mother’s 
Education Level 

Did not finish high school -0.570 -0.548 -0.554 -0.510 -0.561 -0.582 -0.554 
Graduated high school -0.284 -0.407 -0.368 -0.538 -0.567 -0.655 -0.470 
Some education after 
high school 

-0.063 -0.059 -0.171 -0.191 -0.309 -0.166 -0.160 

Graduated college 0.707 0.696 0.706 0.71 0.708 0.709 0.706 
Unknown -0.425 -0.372 -0.433 -0.296 -0.345 -0.369 -0.373 
Non-college (collapsed) -0.570 -0.548 -0.554 -0.510 -0.561 -0.582 -0.554 

Father’s 
Education Level 

Did not finish high school -0.530 -0.529 -0.479 -0.527 -0.555 -0.590 -0.535 
Graduated high school -0.118 -0.235 -0.250 -0.337 -0.289 -0.393 -0.270 
Some education after 
high school 

0.341 0.295 0.207 0.059 -0.037 -0.064 0.134 

Graduated college 0.732 0.746 0.753 0.800 0.760 0.793 0.764 
Unknown -0.717 -0.701 -0.692 -0.664 -0.628 -0.603 -0.668 
Non-college (collapsed) -0.182 -0.227 -0.261 -0.327 -0.317 -0.337 -0.275 

Red: Coefficients > 0.700 
Green: 0.700 > Coefficients > 0.500 
White: 0.500 > Coefficients > 0.200 
Yellow: Coefficients < 0.200 
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These results, though, are not meant to imply causality in any way. Indeed, separating out 

which effect is more important becomes quite tricky, as correlations also exist between the 

variables. Table 4 demonstrates these kinds of correlations, using 2011 data. Notice that 

nearly all of the variables, which are highly correlated with NAEP scores, are also highly 

correlated with each other. Specifically, the percentage of students with fathers who 

graduated college is highly negatively correlated with eligibility for the national school lunch 

program. Conversely, percentage of students who are ‘non-white & non-Asian’ (NWNA) is 

highly positively correlated with eligibility for the national school lunch program. The high 

correlations between national school lunch and parental education level demonstrate the 

idea that parents who are highly educated are likely not poor and therefore do not require 

the benefits of the national school lunch program. 

One other cautionary note to keep in mind is that these cross-sectional correlations 

do not take into account differences between states. The differences between states may 

significantly alter the effects of each individual variable. 

 

Table 3 (continued): Student Factors Correlations 

Race 

White 0.734 0.679 0.661 0.625 0.545 0.519 0.627 
Black -0.652 -0.589 -0.570 -0.583 -0.582 -0.542 -0.586 
Hispanic -0.232 -0.191 -0.185 -0.185 -0.131 -0.139 -0.177 
Asian/Pacific Islander -0.158 -0.160 -0.165 -0.106 -0.077 0.005 -0.110 
American Indian/Alaskan Native 0.063 0.023 0.007 0.034 0.053 -0.086 0.016 
Two or more -0.164 -0.163 -0.114 -0.070 0.129 0.103 -0.046 
Non-white & non-Asian (collapsed) -0.730 -0.674 -0.644 -0.640 -0.562 -0.572 -0.637 
Non-white (collapsed) -0.732 -0.683 -0.665 -0.624 -0.544 -0.520 -0.628 

Gender 
Male 0.448 0.149 0.320 0.476 0.312 0.250 0.326 
Female -0.448 -0.149 -0.320 -0.476 -0.312 -0.250 -0.326 

Red: Coefficients > 0.700 
Green: 0.700 > Coefficients > 0.500 
White: 0.500 > Coefficients > 0.200 
Yellow: Coefficients < 0.200 
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Table 4: Correlations Between Student Factors for 2011 NAEP Scores 

 
Non-white 
& Non-
Asian 

White 
NSL 

Eligible 
NSL Not 
Eligible 

Father 
Graduated 

College 

Mother 
Graduated 

College 
Score 

Non-white 
& Non-
Asian 

1.000       

White  1.000      

NSL 
Eligible 

0.702 -0.621 1.000     

NSL Not 
Eligible 

-0.697 0.620  1.000    

Father 
Graduated 

College 
-0.483 0.468 -0.823 0.829 1.000   

Mother 
Graduated 

College 
-0.522 0.546 -0.772 0.779 0.912 1.000  

Score -0.563 0.546 -0.810 0.815 0.760 0.708 1.000 

Red: Coefficients > 0.700 
Green: 0.700 > Coefficients > 0.500 
White: 0.500 > Coefficients > 0.200 
Yellow: Coefficients < 0.200 

 

Not all variables exhibited high correlations with NAEP scores. Nevertheless, 

variables with lower correlations may still be important in further analysis as controls. 

Additionally, when included in regression analysis amongst other independent variables, the 

variables with initially low correlations to NAEP scores may exhibit a significant 

relationship to the dependent variable. The correlation process serves more to highlight 

which specific answer choices are selected for further analysis. Based on the correlations in 

Table 3 (recall that these broad variables were selected because previous research suggested 

their importance in determining education achievement), I will proceed with the following 

six specific variables: 
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• National school lunch: percentage who are not eligible 

• Father’s education level: percentage who graduated college 

• Race: percentage who are non-white & non-Asian (collapsed) 

• Disability: percentage identified as student with disability 

• ELL: percentage who are identified as ELL 

• Gender: percentage who are male 

4.3.2 School and Teacher Factors 

Although only the student factors group needed specific answers from the NAEP 

assessment to be chosen for further analysis, I include correlations for the other groups of 

variables as well for preliminary analysis. 

Table 5: School and Teacher Factors Correlations 

Variable Breakdown 
Correlation Coefficients 

2003 2005 2007 2009 2011 2013 Average 
Assigned to math by 
ability (math tracking) 

Yes 0.298 0.026 0.177 0.332 0.338 0.342 0.252 
No (0.298) (0.026) (0.177) (0.332) (0.338) (0.342) (0.252) 

School location City -- -- (0.502) (0.444) (0.426) (0.379) (0.438) 

Charter status 
Yes -- (0.508) (0.540) (0.482) (0.413) (0.372) (0.463) 
No -- 0.508 0.540 0.482 0.413 0.372 0.463 

Exit exam (Required=1) n/a (0.151) (0.065) (0.122) (0.107) (0.159) (0.163) (0.128) 
Private school 
enrollment percentage 

n/a (0.174) (0.117) (0.138) (0.131) (0.146) -- (0.141) 

Student-teacher ratio n/a (0.250) (0.179) (0.196) (0.167) (0.192) -- (0.197) 
Red: Coefficients > 0.700 

Green: 0.700 > Coefficients > 0.500 
White: 0.500 > Coefficients > 0.200 
Yellow: Coefficients < 0.200 

 
Unlike with the student factors group of variables, schools and teacher factors are 

overall significantly less correlated with NAEP scores, yet some correlations encourage 

further exploration. For example, percentage of schools that are charter and percentage of 

students attending city schools is negatively correlated with NAEP scores. In examining 
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these figures, it is important to remember that these correlations do not control for student 

background and other factors, so further analysis is required. 

4.3.3 Finance Factors 

Table 6: Finance Factors 

Variable 
Correlation Coefficients 

2003 2005 2007 2009 2011 2013 Average 
Average teacher salary 0.180 0.152 0.158 0.082 0.244 -- 0.163 
Average starting teacher salary (0.295) (0.361) -- -- -- -- (0.328) 
Per-pupil expenditures 0.281 0.247 0.215 0.200 0.201 -- 0.229 
Instructional per-pupil expenditures 0.367 0.291 0.313 0.347 0.293 -- 0.322 

Red: Coefficients > 0.700 
Green: 0.700 > Coefficients > 0.500 
White: 0.500 > Coefficients > 0.200 
Yellow: Coefficients < 0.200 

 

These correlations present somewhat interesting results. Average teacher salary, per-

pupil expenditures, and instructional per-pupil expenditures are all positively correlated 

with NAEP scores, as expected (and instructional per-pupil expenditures has a higher 

correlation than per-pupil expenditures overall). The correlation between average starting 

teacher salary and NAEP scores (albeit with only two years of data) is negative and 

increased from 2003 to 2005. 

4.3.4 Government/Policy Factors 

Table 7: Government/Policy Factors 

Variable 
Correlation Coefficients 

2003 2005 2007 2009 2011 2013 Average 
Strength of state standards 0.043 0.027 0.246 0.246 0.266 -- 0.166 
NCTQ rating -- -- -- (0.090) (0.046) (0.039) (0.059) 

Red: Coefficients > 0.700 
Green: 0.700 > Coefficients > 0.500 
White: 0.500 > Coefficients > 0.200 
Yellow: Coefficients < 0.200 
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Both variables in this group are weakly correlated with NAEP scores. As with other 

variables, this simple correlation may hide the true relationship, as it does not take into 

account other variables affecting student achievement. I focus on the Peterson and Hess 

strength of state standards variable for further analysis due to its higher correlation with 

NAEP scores. 

4.3.5 Union Factor 

Table 8: Union Factors 

Variable 
Correlation Coefficients 

2003 2005 2007 2009 2011 2013 Average 
Percentage of public workers 
covered by a union 

0.297 0.244 0.204 0.314 0.327 0.374 0.293 

Red: Coefficients > 0.700 
Green: 0.700 > Coefficients > 0.500 
White: 0.500 > Coefficients > 0.200 
Yellow: Coefficients < 0.200 

 

The first look at the union effect suggests that unions have a positive relationship 

with NAEP scores, a relationship that has strengthened each year since 2003. As with all of 

the other variables for which simple correlations were presented, further analysis must be 

conducted to determine the actual magnitude and direction of the effect. This is the effort 

to which I now turn: developing a cross-sectional model for 2011 NAEP scores.
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4.4 Cross-Sectional Analysis of 2011 NAEP Scores7 

 Policymakers have repeatedly called for various solutions to America’s education 

problems, ranging from reducing class size to increasing funding. More recently, governors 

have focused on developing the Common Core State Standards. With so many policy ideas 

circulating, education reformers need to look at data to understand which solutions will 

potentially improve student achievement the most. The objective of this analysis is to 

examine to what extent certain groups of factors—student and family background factors, 

school and teacher factors, finance factors, government/policy factors, or union factors—

contribute to the variation in student achievement, so policymakers may have a better idea 

of where to focus their efforts. 

The quantitative analysis begins with a cross-sectional analysis of the 2011 eighth 

grade mathematics NAEP scores. I first examine student and family background factors 

because research consistently suggests that family background and socioeconomic status are 

the most significant factors in education achievement. Student factors are also largely 

predetermined before students enter school, so education policy rarely focuses on those 

variables. I then analyze the school and teacher factors, finance factors, government/policy 

factors, and the union factor. 

 

7 Washington D.C. is excluded from the regression analyses because for many variables, the federal district 
is an outlier compared to other states. Washington is also dissimilar from the other states in the analysis 
due to its governance structure and its special relationship with the federal government. See Appendix C for 
charts demonstrating the outlier nature of Washington D.C. 
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4.4.1 Student and Family Background Factors 

Table 9 below shows individual model specifications for the student factors group of 

variables. Models 1 – 6 regress each factor individually on the NAEP score, while models 7 

– 11 present specifications with multiple student factors. 

When regressing only the national school lunch (NSL) variable on scores, the 

coefficient of 0.556 is highly statistically significant (p<.001) and the specification explains 

about 61% of the variation in scores. This result perhaps is not surprising due to the 

consensus in the literature that socioeconomic status explains much of the variation in 

student achievement. Father’s education level is similarly statistically significant (with a 

coefficient greater in magnitude than the NSL coefficient),8 and the specification explains 

about 57% of the variation in scores. Finally, the race variable (percentage of students who 

are non-white & non-Asian) is also highly statistically significant on its own, but much less 

of the variation is explained with an adjusted R-squared value of about 18%. The male, 

disability, and ELL variables were less significant, and each variable individually explained 

much less of the variation in scores (ranging from less than 1% for male and ELL, to about 

10% for gender). 

Models (8) and (11), had the most explanatory power with the highest adjusted R-

squared values, and only the NSL and father education variables remained significant at the 

conventional 5% level. Columns (9) and (10) present other models with adjusted R-squared 

values that are nearly the same as models (8) and (11). In all models (8), (9), (10), and 

8 Comparing magnitudes of variables may be inappropriate when variables are measured in different ways. 
Nevertheless, both the father education variable and national school lunch variable represent percentages 
of students, so comparisons can be made about the magnitudes of the coefficients. 
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(11), only the NSL variable and father education remained statistically significant, and the 

adjusted R-squared value changed only slightly in models (8), (9), (10), and (11). 

Columns (8) and (11) are highlighted green because those specifications had the 

most explanatory power, with adjusted R-squared values of 64.1%. In model (11), I only 

regress the NSL and father education variables onto the NAEP scores, and this equation 

explains only slightly more variation than when the variables are regressed on NAEP scores 

individually (models (1) and (2), respectively). Overall, two of the student and family 

background variables (national school lunch eligibility and father education level) seem to 

explain much of the variation in NAEP scores.9 

 Moreover, all of the variables, except disability, when regressed individually or 

together take on the expected sign based on the literature. NSL is positive (an increase in 

not being eligible for the NSL program is associated with higher scores). Father education 

level is also positive (a higher percentage of fathers with a college degree is associated with 

higher scores). The race variable, non-white & non-Asian, is negative but with much lower 

magnitude than the other variables (a higher percentage of non-white & non-Asian students 

is associated with lower scores). The male variable is very statistically insignificant. Finally, 

disability was positive and significant when regressed alone onto NAEP scores. This seems 

to suggest that a higher percentage of students identified as disabled is associated with 

higher NAEP scores. Nevertheless, disability becomes statistically insignificant when 

regressed with national school lunch eligibility and father education level. In the regressions 

featuring multiple student and family background variables, only the national school lunch 

9 The variance inflation factors suggest that multicollinearity is not a problem in this model, even though 
there exists high correlation between parent education level and national school lunch eligibility. 
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and father education variables were statistically significant, and both variables took on the 

expected sign based on the literature.
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Table 9: Student Factors Cross-Sectional Analysis 
 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 
 NAEP NAEP NAEP NAEP NAEP NAEP NAEP NAEP NAEP NAEP NAEP 
            

NSL Not Eligible 0.556****      0.324** 0.331*** 0.317*** 0.310** 0.344*** 
 (0.0638)      (0.135) (0.117) (0.116) (0.116) (0.110) 

Father Education  0.819****     0.406** 0.403** 0.401** 0.409** 0.389** 
  (0.101)     (0.172) (0.168) (0.168) (0.168) (0.166) 

Non-white & Non-Asian   -0.192***    -0.00666     
   (0.0554)    (0.0606)     

Disability    0.855**   0.380 0.381 0.314 0.213  
    (0.337)   (0.265) (0.262) (0.254) (0.235)  

Male     1.025  -1.759 -1.702 -1.276   
     (1.825)  (1.397) (1.282) (1.218)   

ELL      -0.321 0.239 0.225    
      (0.311) (0.252) (0.214)    

Constant 253.0**** 256.0**** 290.0**** 274.6**** 231.9** 285.2**** 336.5**** 333.2**** 314.0**** 250.5**** 251.6**** 
 (3.597) (3.509) (1.949) (3.805) (92.67) (1.587) (70.91) (63.38) (60.75) (3.739) (3.516) 
            

Observations 50 49 50 50 50 50 49 49 49 49 49 
R-squared 0.613 0.583 0.201 0.118 0.007 0.022 0.679 0.679 0.670 0.662 0.656 

Adj. R-squared 0.605 0.574 0.184 0.0996 -0.0142 0.00133 0.633 0.641 0.640 0.640 0.641 
 Standard errors in parentheses 

**** p<0.001, *** p<0.01, ** p<0.05, * p<0.1 
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4.4.2 School and Teacher Factors Model 

Table 10 reflects a similar modeling process as presented in Table 9, although this 

time the focus is on the schools and teachers group of variables. When regressing each 

variable individually on scores, only one variable is statistically significant at the 

conventional 5% level: student-teacher ratio. With a coefficient of negative 0.758, the result 

suggests that students in classes with a higher student-teacher ratio perform worse on the 

NAEP examinations. An endogeneity problem may exist with this variable though as the 

worst performing states may reduce student-teacher ratios to attempt to improve 

achievement. A cross-sectional analysis cannot adequately address the endogeneity problem, 

although the panel data analysis presented in section 4.5 addresses the potential 

endogeneity of student-teacher ratios by including state and year fixed effects in the 

regressions. 

When regressing the school and teacher variables individually onto NAEP scores, 

only student-teacher ratio is statistically significant at the 5% level, suggesting that lower 

student-teacher ratios are associated with higher NAEP scores. Math tracking is positive 

and significant at the 10% level, suggesting that states with a higher percentage of students 

who are tracked in eighth grade math have higher NAEP scores. The exit exam variable is 

also significant at the 10% level, but the coefficient is highly negative, suggesting that states 

with exit exam requirements perform worse on NAEP. The city, charter, and private school 

variables are all statistically insignificant. 

A major observation from these models is that the adjusted R-squared values are 

much lower for these variables than for some of the student factors. The student-teacher 
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ratio, for example, explains only 7% of the variation in scores, compared to the nearly 61% 

of the variation explained by the national school lunch variable in the previous section. 

 Regressing several school and teacher variables together onto NAEP scores suggests 

that the student-teacher ratio and math tracking variables may play an important role in 

explaining variation in student achievement. The negative sign on the student-teacher ratio 

variable remains negative and highly significant in all of the specifications presented, which 

further indicates that increasing the student-teacher ratio is associated with lower NAEP 

scores. Only the math tracking and student-teacher ratio variables remain statistically 

significant in the specification with the highest adjusted R-squared value, highlighted in 

green. Ultimately, the school and teacher factors, when they are the only variables in the 

equation, explain about 21% of the variation in NAEP scores. Thus, schools and teachers 

variables appear to explain only about one-third of the variation that the student and 

family background variables explained when they were the only variables in the equation. 

One major caveat is that these results for the school and teacher variables are presented 

without controlling for the student and family background variables. I present a combined 

analysis of these categories, along with the other categories of variables, in section 4.4.6.
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Table 10: School and Teacher Factors Cross-Sectional Analysis 
 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 
 NAEP NAEP NAEP NAEP NAEP NAEP NAEP NAEP NAEP NAEP NAEP 
            
Math Tracking 0.155*      0.275*** 0.240*** 0.246*** 0.244*** 0.250*** 
 (0.0862)      (0.0901) (0.0850) (0.0842) (0.0840) (0.0840) 
City  -0.118     0.0429     
  (0.113)     (0.117)     
Charter   -0.0819    0.470 0.456 0.376   
   (0.433)    (0.439) (0.435) (0.419)   
Exit    -3.327*   -1.640 -2.004 -2.002 -2.001  
    (1.920)   (1.874) (1.835) (1.826) (1.822)  
Private School     2.977  -20.41 -22.11    
     (30.52)  (31.15) (30.09)    
ST Ratio      -0.758** -1.254*** -1.245*** -1.132*** -1.001*** -1.113*** 
      (0.347) (0.451) (0.417) (0.386) (0.357) (0.343) 
Constant 272.0**** 286.6**** 284.1**** 285.5**** 283.7**** 295.7**** 282.4**** 286.5**** 282.7**** 281.6**** 281.9**** 
 (6.703) (2.895) (1.331) (1.330) (2.671) (5.445) (9.320) (8.707) (6.952) (6.832) (6.842) 
            
Observations 50 48 50 50 50 50 48 50 50 50 50 
R-squared 0.063 0.023 0.001 0.059 0.000 0.090 0.290 0.276 0.268 0.254 0.235 
Adj. R-squared 0.0439 0.00194 -0.0201 0.0393 -0.0206 0.0715 0.186 0.194 0.202 0.206 0.202 

Standard errors in parentheses 
**** p<0.001, *** p<0.01, ** p<0.05, * p<0.1 

R
om

an M
. G

. Larson
62



4.4.3 Finance Factors 

 Table 11 presents the three finance variables regressed onto the NAEP scores. When 

regressed individually, the total per-pupil expenditure (total PPE) and instructional PPE 

variables are statistically significant, although the coefficients are each very small. Student 

and family background factors and other non-finance factors were not controlled for in the 

equations presented in Table 11. Nevertheless, column (2) suggests that in order to increase 

NAEP scores by one point, total per-pupil expenditures would need to increase by $1,081. 

Considering the difference between the highest scoring state and the lowest scoring state on 

the 2011 eighth grade mathematics NAEP is nearly 40 points, to bring the lowest 

performing state up to the highest performing state would require an additional 

expenditures of $41,152 per-pupil.10 This probably makes little economic sense, considering 

the average total PPE for 2011 was $11,791. Overall, although the finance variables are 

individually statistically significant, their coefficients are extremely small, and in terms of 

affecting education achievement, focusing on the finance variables may not be practical or 

economically feasible due to the large increases in funding that would be necessary to 

improve achievement. 

Specifications in columns (4) through (7) present regressions with more than one 

finance variable included as explanatory variables. However, the interpretation of these 

models is difficult and the variables are rarely statistically significant. For example, in 

column (6), it is hard to say what it means to increase instructional per-pupil expenditures, 

holding average salaries constant, considering that most of what makes up instructional per-

10 To bring the lowest performing state to the 75th percentile on the 2011 NAEP scores, the finance results 
suggest that per-pupil expenditures would need to increase by $28,106. 
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pupil expenditures is the salaries of teachers. Because much of the salary variable is 

reflected in the per-pupil expenditure variables, it is difficult to determine the practical 

meaning of the coefficients. Running a regression with total PPE and instructional PPE 

may highlight the effect of spending on non-instructional aspects of education like 

administration or buildings, but column (7) indicates that neither variable is statistically 

significant when regressed together on scores.11 Further controls must be included to 

determine the true impact of the finance factors. Finance factors appear to explain 

anywhere from 4% (model (1) with average salary) to about 11% or 12% (models (2) and 

(3), respectively) of the variation in NAEP scores, which is lower than many of the 

equations that just include the student and family background factors, or just the school 

and teacher factors. Ultimately, the finance factors equation with the most explanatory 

power explains less than the school and teacher factors equation and student and family 

background factors equation with the most explanatory power. 

  

11 Variance inflation factors suggest that models (4) and (7) suffer from multicollinearity. As expected, 
there is high correlation between total PPE and instructional PPE, so equations should probably not 
include both. 
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Table 11: Finance Factors 
 (1) (2) (3) (4) (5) (6) (7) 
 NAEP NAEP NAEP NAEP NAEP NAEP NAEP 
        
Average Salary 0.000298*   0.0000255 0.0000316 0.00000917  
 (0.000177)   (0.000218) (0.000218) (0.000214)  
Total PPE  0.000925**  -0.000858 0.000885*  -0.000831 
  (0.000348)  (0.00164) (0.000447)  (0.00161) 
Instructional PPE   0.00151*** 0.00274  0.00149** 0.00275 
   (0.000527) (0.00248)  (0.000670) (0.00246) 
Constant 267.2**** 273.1**** 273.3**** 273.1**** 271.8**** 272.9**** 274.2**** 
 (10.01) (4.174) (3.839) (10.04) (9.994) (9.951) (4.271) 
        
Observations 50 50 50 50 50 50 50 
R-squared 0.056 0.128 0.146 0.151 0.129 0.146 0.151 
Adj. R-squared 0.0362 0.110 0.128 0.0958 0.0915 0.110 0.115 

Standard errors in parentheses 
**** p<0.001, *** p<0.01, ** p<0.05, * p<0.1 
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4.4.4 Government/Policy Factors 

I analyze two policy variables in this section. The standards variable refers to the 

metric developed by Peterson and Hess which measures the strength of each state’s 

standards by comparing the percentage of students deemed proficient on the state exam to 

the percentage of students deemed proficient on the NAEP exam. The NCTQ variables 

measures the strength of state teacher policies as determined by the National Council on 

Teacher Quality. 

Regressing each of the policy variables onto NAEP scores (Table 12) suggests a 

positive relationship with NAEP scores, although both coefficients are insignificant at the 

conventional 5% level. The standards index developed by Peterson and Hess is weakly 

significant (p<.10): a one-unit increase in strength of state standards (moving from a B 

rating to an A rating, for example) is associated with a 1.75 point increase on the NAEP 

examination. The model, though, explains only about 4% of the variation in NAEP scores. 

The NCTQ rankings are extremely insignificant (p-value .974), and the model 

explains none of the variation in NAEP scores. This result may cast doubt on the efficacy of 

NCTQ’s index. Since 2007, the National Center on Teacher Quality has pressured states to 

adopt what they define as better state teacher policies, the policies on which their rankings 

are based. Every two years, they produce grades for the states on the strength of their state 

teacher policies, yet it seems that these grades have zero explanatory power for student 

achievement. Due to the insignificance of the NCTQ variable, regressing both standards and 

NCTQ variables together onto NAEP scores helps to explain no more of the variation in 

NAEP scores than the standards variable model alone. 
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From this analysis of the NCTQ standards, the index developed by NCTQ may not 

measure well the aspects of state teacher policy that are associated with increasing student 

achievement. On the other hand, the Peterson and Hess seems to do a much better job 

relative to the NCTQ measurement: regressing the standards variable alone onto NAEP 

scores suggests that higher student standards (higher thresholds for proficiency) may be 

associated with higher student achievement, although further controls need to be added to 

confirm these results. 

 

Table 12: Government/Policy Factors 
 (1) (2) (3) 
 NAEP NAEP NAEP 
    
Standards 1.751*  1.77* 
 (0.969)  (0.986) 
NCTQ  0.0518 -0.282 
  (1.597) (1.572) 
Constant 280.5**** 283.9**** 280.1**** 
 (2.118) (2.565) (3.000) 
    
Observations 50 50 50 
R-squared 0.064 0.000 0.064 
Adj. R-squared 0.0442 -0.0208 0.0245 

Standard errors in parentheses 
**** p<0.001, *** p<0.01, ** p<0.05, * p<0.1 
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4.4.5 Union Factor 

The union variable when regressed on scores is positive. The variable is also 

significant at the 5% level, suggesting that a 1% increase in the number of public sector 

workers covered by a union is associated with a 0.113 increase in the NAEP scores. 

Alternatively, an 8.8 percentage point increase in number of public sector workers covered 

by a union is associated with a 1-point increase in NAEP scores. The practical significance 

of this coefficient is questionable, considering the wide range of 2011 NAEP scores (40 point 

difference between the lowest and highest performing states), but the results here suggest 

that unionization of the public sector may have some positive benefits on student 

achievement. This conclusion is highly tentative, though, as other variables need to be 

included as controls. The model presented in Table 13 explains about 7% of the variation in 

NAEP scores, which is lower than the amount of variation explained by the student factors 

models, the school and teacher factors models, and the finance models. The union factor, 

even as an individual variable, explains more of the variation in NAEP scores than the 

government/policy models. Although the union variable is significant and positive, other 

variables seem to explain student achievement much better. 

Table 13: Union Factor 
 (1) 
 NAEP 
  
Union 0.113** 
 (0.0520) 
Constant 279.7**** 
 (2.176) 
  
Observations 50 
R-squared 0.090 
Adj. R-squared 0.0709 

Standard errors in parentheses 
**** p<0.001, *** p<0.01, ** p<0.05, * p<0.1 
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4.4.6 Combined Factors Analysis for the 2011 Cross-Section 

 The above sections analyzed each group of factors separately. Overall, the results 

suggest that the student and family background factors (relative to the other groups of 

factors) explain the most variation in NAEP scores, about 64%. By comparison, the school 

and teacher factors explained about 20% of the variation, the finance factors explained 

about 13% of the variation, the government/policy factors about 4%, and the union factor 

explained about 7% when each group of factors was regressed separately onto the NAEP 

scores. Drawing conclusions from these separate models, however, is inappropriate. The 

student and family background factors, for example, should be included as controls, along 

with the other factors. Regressing finance factors separate from student and family 

background factors, for example, may lead to erroneous conclusions as the results suffer 

from omitted variable bias. By combining the factors together into one model, significant 

bias may be eliminated and stronger conclusions may be drawn. 

I start by regressing all of the variables together onto the NAEP scores. This result 

is presented in column (1) of Table 14. Regressing all of the variables together produces an 

adjusted R-squared value of 0.69, only slightly higher than the adjusted R-squared value 

(0.64) from regressing the group of student and family background variables onto the NAEP 

scores. I then removed the average salary and total PPE variables. This information is 

largely represented by the instructional PPE and student-teacher ratio variables (most of 

instructional expenditures go into teacher salaries, for example, and increasing or decreasing 

the student-teacher ratio is largely done by increasing or decreasing total per-pupil 

expenditures). The finance factors equations also indicated that multicollinearity exists 

between the total PPE and instructional PPE variables and the student-teacher ratio and 
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total PPE variables are also highly correlated. Removing the average salary and total PPE 

variables increases the adjusted R-squared value only slightly from 0.690 to 0.695. 

Essentially, the model without average salary and total PPE does no better in explaining 

the variation in NAEP scores. 

 After removing the two finance variables, I next removed the union variable because 

it was very insignificant (p-value 0.44) in the specification presented in column (3). Doing so 

once again increased the adjusted R-squared value, but only slightly from 0.695 in column 

(3) to 0.698 in column (4). The private school variable was also very insignificant (p-value 

0.68) in model (4). Removing the private school variable ultimately resulted in model (5), 

which had the highest adjusted R-squared value, 0.706. Note that this was only a slight 

improvement from the original specification which included all variables. 

Models (6), (7), (8), and (9) present further specifications when removing other 

variables with somewhat high p-values. The adjusted R-squared value fluctuates slightly in 

these alternative specifications. Model (8), in fact, produces the same adjusted R-squared 

value as model (5). Compared to model (5), model (8) differs by excluding the standards 

variable. Overall, the significant variables in each model change little between the various 

specifications. In nearly all models, national school lunch, father education level, gender, 

city, student-teacher ratio, and instructional per-pupil expenditures are the statistically 

significant variables. The magnitudes of each of the statistically significant coefficients also 

only change slightly between each specification. 

 After identifying the model with the most explanatory power, I rebuilt the model 

starting with the student variables group to determine how much of the variation was 
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explained by each of the five categories of factors.12 This process is presented in Table 15. 

Column (7) in Table 15 presents the model identified as having the most explanatory power. 

Column (4) regresses only the student and family background factors onto the NAEP 

scores: student factors explain about 63% of the variation in NAEP scores. Adding the 

school and teacher factors increase the adjusted R-squared by 0.016 to 0.649. Thus, the 

school and teacher factors increases the variation explained by the model by 1.6%. In 

column (6), I add the finance factors to the model. The adjusted R-squared value increases 

by 0.044 to 0.693. The finance factors increase the variation explained by about 4.4%. 

Finally, including the government/policy factors increases the adjusted R-squared by 0.013. 

The union factor is excluded because the union coefficient in previous models was very 

statistically insignificant. 

One difficulty in explaining the variation of the NAEP scores via five categories of 

factors is the fact that the results change based on the order in which the model is built. 

Specifications (1) through (4) in Table 15 present regressions of each category of variables 

separately. The school and teacher factors, for example, explain individually about 20% of 

the variation. Thus, adding the student and family background characteristics to the school 

and teacher factors would increase the variation explained by about only 43%, suggesting 

that schools and teachers play a far greater role in the variation of NAEP scores compared 

to the ordering I presented above. Therefore, it is important to justify the order in which 

the model is built. 

12 I use model (5) from Table 14 as the model with the most explanatory power, although model (8) 
produced the same adjusted R-squared value as model (5). The breakdown of model (8) from Table 14 
(similar to the breakdown presented in Table 15) is presented in Appendix E. The change in adjusted R-
squared with the addition of each category of factors is the same in model (5) and model (8). 
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I started with student and family background because research has concluded that 

variables in that category successfully explain much if not most of the variation in student 

achievement. Schools and teachers were next in my model because those variables represent 

the education system itself in which students spend much of their adolescent lives. Next, I 

add the finance factors. The finance factor (instructional per-pupil expenditures) is what 

funds schools, so the group is the next level of impact away from the student. I add the 

government/policy variables last because these factors are most removed from the student. 

Government/policy factors may have more of an impact on how schools operate, rather 

than how students perform. I eliminated the union category due to its insignificance. 

Including the union variable actually decreased the amount of variation explained by the 

model, so the union variable essentially explained none of the variation when combined with 

the other factors. Overall, the logic behind the model is to first include the factors that are 

closest to the student experience (i.e. socioeconomic status, race, etc.) and then to include 

the factors that may have the weakest direct link to students, government/policy.13 

While the order of adding the categories of factors to the model matters somewhat, 

student and family background explain the most variation and significantly more variation 

than any of the other categories of factors (see Appendix F). Depending on how the model 

is constructed, the school and teacher factors or the finance factors may help to explain 

more of the variation, but the variables within each of these groups are very related (like 

student-teacher ratio and instructional PPE). Thus, from the cross-sectional analysis, it is 

unclear if school and teacher factors or finance factors explain more of the variation in 

13 This model ordering also matches the order of the groups of factors based on the variation explained 
when each group of factors was separately regressed onto the NAEP scores. 
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NAEP scores. The government/policy factors generally explain the least variation no matter 

the order in which the model is built. Finally, the union variable consistently reduced the 

variation explained by the model. It seems unions explain little, if any, of the variation in 

student achievement relative to the other categories of factors even when controlling for 

student and family background factors and school and teacher factors. Overall, student and 

family background variables explain the most variation in student achievement in the cross-

sectional analysis of the 2011 NAEP scores. 
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Table 14: Combined Factors Cross-Sectional Analysis 
 (1) (2) (3) (4) (5) (6) (7) (8) (9) 

 NAEP NAEP NAEP NAEP NAEP NAEP NAEP NAEP NAEP 

Student and Family Background      
NSL Not Eligible 0.406*** 0.368** 0.400*** 0.394*** 0.393*** 0.420*** 0.435*** 0.417*** 0.362*** 
 (0.147) (0.137) (0.134) (0.133) (0.131) (0.129) (0.127) (0.129) (0.130) 
Father Education 0.394** 0.415** 0.338* 0.369** 0.372** 0.385** 0.364** 0.343** 0.402** 
 (0.188) (0.184) (0.167) (0.161) (0.159) (0.159) (0.160) (0.157) (0.159) 
Non-white & non-Asian -0.0594 -0.0742 -0.0732 -0.0751 -0.0797 -0.0771  -0.0955 -0.0415 
 (0.0704) (0.0672) (0.0671) (0.0667) (0.0649) (0.0651)  (0.0630) (0.0578) 
Disability 0.511 0.426 0.382 0.445 0.430 0.426 0.457 0.428 0.436 
 (0.357) (0.337) (0.333) (0.321) (0.315) (0.316) (0.317) (0.315) (0.318) 
Male -2.750* -2.846* -2.564* -2.620* -2.793** -2.670** -2.294* -2.652** -2.778** 
 (1.431) (1.415) (1.385) (1.375) (1.294) (1.293) (1.238) (1.287) (1.305) 
ELL 0.328 0.313 0.282 0.344 0.352 0.351 0.198 0.426 0.287 
 (0.302) (0.299) (0.297) (0.284) (0.280) (0.281) (0.252) (0.270) (0.278) 
Schools and Teachers      
Math Tracking 0.0466 0.0647 0.0644 0.0618 0.0674  0.0647 0.0663 0.0728 
 (0.0687) (0.0640) (0.0639) (0.0635) (0.0612)  (0.0617) (0.0613) (0.0616) 
City 0.194** 0.203** 0.181** 0.183** 0.192** 0.176** 0.180** 0.189** 0.186** 
 (0.0928) (0.0913) (0.0886) (0.0880) (0.0842) (0.0831) (0.0843) (0.0842) (0.0848) 
Charter 0.285 0.368 0.439 0.420 0.392 0.397 0.251 0.486 0.287 
 (0.351) (0.331) (0.323) (0.320) (0.309) (0.310) (0.289) (0.295) (0.300) 
Exit 2.056 2.074 1.931 1.870 1.832 1.944 0.995 2.270  
 (1.507) (1.496) (1.488) (1.477) (1.456) (1.457) (1.296) (1.390)  
Private School -10.70 -10.45 -18.23 -9.589      
 (27.10) (26.90) (25.72) (23.06)      
ST Ratio -1.720**** -1.656*** -1.719**** -1.558**** -1.582**** -1.445**** -1.457**** -1.579**** -1.480**** 
 (0.469) (0.458) (0.453) (0.401) (0.392) (0.373) (0.381) (0.392) (0.387) 
Finances      
Average Salary 0.000166         
 (0.000219)         
Total PPE 0.000938 0.00131        
 (0.00143) (0.00133)        
Instructional  PPE -0.00373* -0.00388* -0.00199** -0.00171** -0.00181*** -0.00178** -0.00177** -0.00175** -0.00177** 
 (0.00209) (0.00207) (0.000803) (0.000715) (0.000661) (0.000662) (0.000665) (0.000659) (0.000666) 
Government/Policy      
Standards 0.847 0.649 0.557 0.623 0.679 0.666 0.878  0.931 
 (0.762) (0.710) (0.704) (0.694) (0.672) (0.674) (0.657)  (0.647) 
NCTQ -1.592 -1.556 -1.485 -1.527 -1.595 -1.720* -1.511 -1.506 -1.396 
 (1.001) (0.993) (0.990) (0.982) (0.956) (0.952) (0.961) (0.952) (0.951) 
Unions      
Union 0.01000 0.0379 0.0439       
 (0.0681) (0.0568) (0.0564)       
          
Constant 406.6**** 416.8**** 407.8**** 405.6**** 414.4**** 409.6**** 383.2**** 407.6**** 411.5**** 
 (73.93) (72.17) (71.57) (71.08) (67.00) (67.06) (62.46) (66.68) (67.53) 
Observations 48 48 48 48 48 48 48 48 48 
R-squared 0.809 0.805 0.799 0.795 0.794 0.786 0.784 0.787 0.784 
Adj. R-squared 0.690 0.694 0.695 0.698 0.706 0.704 0.701 0.706 0.701 

Standard errors in parentheses 
**** p<0.001, *** p<0.01, ** p<0.05, * p<0.1 
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Table 15: Final Model Breakdown Cross-Sectional Analysis 
(1) (2) (3) (4) (5) (6) (7) 

NAEP NAEP NAEP NAEP NAEP NAEP NAEP 
Student and Family Background 
NSL Not Eligible 0.324** 0.305** 0.396*** 0.393*** 

(0.135) (0.134) (0.131) (0.131) 
Father Education 0.406** 0.375** 0.343** 0.372** 

(0.172) (0.170) (0.160) (0.159) 
Non-white & Non-Asian -0.00666 -0.0742 -0.0859 -0.0797 

(0.0606) (0.0683) (0.0640) (0.0649) 
Disability 0.380 0.0502 0.469 0.430 

(0.265) (0.292) (0.321) (0.315) 
Male -1.759 -2.263 -2.728** -2.793** 

(1.397) (1.389) (1.313) (1.294) 
ELL 0.239 0.341 0.413 0.352 

(0.252) (0.293) (0.276) (0.280) 
Schools and Teachers 
Math Tracking 0.281*** 0.0687 0.0781 0.0674 

(0.0891) (0.0663) (0.0621) (0.0612) 
City 0.0489 0.126 0.181** 0.192** 

(0.116) (0.0886) (0.0859) (0.0842) 
Charter 0.396 0.452 0.382 0.392 

(0.422) (0.312) (0.294) (0.309) 
Exit -1.675 1.604 1.824 1.832 

(1.861) (1.483) (1.390) (1.456) 
ST Ratio -1.155*** -0.855** -1.433**** -1.582**** 

(0.422) (0.333) (0.389) (0.392) 
Finances 
Instructional PPE 0.00151*** -0.00166** -0.00181*** 

(0.000527) (0.000670) (0.000661) 
Government/Policy 
Standards 1.772* 0.679 

(0.986) (0.672) 
NCTQ -0.282 -1.595 

(1.572) (0.956) 

Constant 278.8**** 273.3**** 280.9**** 336.5**** 372.7**** 406.5**** 414.4**** 
(7.462) (3.839) (3.000) (70.91) (71.33) (68.09) (67.00) 

Observations 48 50 50 49 48 48 48 
R-squared 0.283 0.146 0.064 0.679 0.731 0.771 0.794 
Adj. R-squared 0.197 0.128 0.0245 0.633 0.649 0.693 0.706 

Standard errors in parentheses 
**** p<0.001, *** p<0.01, ** p<0.05, * p<0.1 
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4.5 Panel Data Analysis 

 While the cross-sectional analysis produced some conclusions about the importance 

of student and family background, the cross-sectional data represents only one point in 

time, and differences across states cannot be taken into account. The panel data analysis in 

this section will examine again each category of variables that may potentially explain 

student achievement with the intention of drawing stronger conclusions. 

Panel data has several advantages over the one-year cross-section. First, there are 

more data points in panel data. Rather than simply analyzing the fifty states at one point 

in time, panel data allows an analysis of the fifty states across time. Next, this method 

allows researchers to control for both state differences (state fixed effects) and time 

differences (year fixed effects). The panel data can account for larger trends across time, 

such as an improving (or worsening) economy, and other policies that may affect all fifty 

states like No Child Left Behind. Moreover, controlling for these factors may significantly 

reduce the risk of omitted variable bias as state and year fixed effects will account for many 

of the potential effects for which there is no data across all fifty states for the time period 

under analysis. 

 Although the panel data may be more successful in helping to determine which 

factors explain student achievement, some limitations with the dataset used in this study do 

exist. First, for many of the variables in the data, there is very little variation over time. 

Many of the variables, including the NAEP scores, change rather slowly over time. For 

example, NAEP scores on average increased from 277.4 to 284.3 from 2003 to 2013, a 

change of only 6.9 points. Other variables exhibit a similar pattern: the percentage of 

students not eligible for the national school lunch program was 61.3% on average in 2003, 

77Roman M. G. Larson



and in 2013 that average decreased to 52.94%, a change of 8.4 percentage points.14 Thus, 

explaining variation in student achievement using this panel data may be difficult because 

variation in the variables is low. Ideally, data would be available for a longer time series, but 

2003 was the first year in which all 50 states and Washington D.C. participated in NAEP. 

Future researchers may want to continue examining panel data with NAEP scores when a 

longer time series of data is available. 

Table G1 in Appendix G includes a table examining between and within variation 

for each variable used in the panel data analysis. This table demonstrates that variation for 

most of the variables is between states rather than across time. Thus, while the national 

school lunch eligibility variable may change little over time, bigger differences do exist 

between states. Specifically, the national school lunch not eligible variable takes on a 

maximum value of 71% (New Hampshire) and a minimum value of 30% (New Mexico) in 

2013, while in 2003 the maximum was 79% (New Hampshire) and the minimum was 38% 

(Louisiana). With such low variation across time, most of the variation in student 

achievement may be explained by time fixed effects: subtle, yet unobservable or 

unmeasurable shocks to the entire country may significantly explain most of the small 

amounts of variation that do take place in NAEP scores. The impact of the Great 

Recession, for example, which would be contained in the state and year fixed effects, could 

potentially explain many of the small changes in student achievement. Other unobserved 

and unmeasurable variables could similarly affect NAEP scores, thus magnifying the impact 

of the state and year fixed effects. 

14 Eligibility for the national school lunch program includes students eligible for free lunch and reduced 
price lunch. 
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 Because the cross-sectional analysis determined that student and family background 

factors might potentially explain most of the variation in student achievement, I analyze 

trends four family and student background variables: eligibility for the national school lunch 

program, minority rates, and father education level. 

Figure 2 charts the eligibility for the national school lunch program over time for 

select states.15 Appendix D includes a chart with all states and a black dotted trend line 

that has a strong positive slope. These charts demonstrate the general increases in students 

participating in the national school lunch eligibility program. Increasing eligibility rates are 

cause for concern as the cross-sectional analysis suggested that increased eligibility for the 

national school lunch program was associated with lower student achievement. Even states 

like New Hampshire, which historically have had low eligibility rates for the national school 

lunch program, have seen an increase in eligibility. Other states like North Dakota and 

South Dakota have remained relatively flat, due to generally good economic conditions. 

Since 2011, New York has actually registered a small decrease in eligibility rates. On the 

other hand, some states like Oregon have seen a dramatic increase: in 2003, only 26% of 

students were eligible for the national school lunch program, but by 2013 that figure rose to 

54%. Although one might imagine this expansion may be due to the broadening of eligibility 

criteria for the program, poverty data based on incomes also demonstrates that an 

increasing percentage of children are living in poverty in the United States (Children’s 

Defense Fund). Thus, increases in poverty rates among the nation’s youth likely drives much 

15 States selected for the charts presented in this section were selected based on how much the variable 
changed in that state: each chart includes some states that changed significantly, states that changed 
little, and states that remained flat between 2003 – 2013. Appendix D includes charts with all states; each 
chart also features a trend line based on all fifty states and Washington D.C. 
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of the increase in eligibility for the national school lunch program. Although a thorough 

analysis of poverty is not the objective of this study, the increasing trend may have a 

significant impact on student achievement. 

I next examine race trends in the United States. On average, across the ten-year 

time period, the percentage of non-white & non-Asian students has increased seven 

percentage points on average (at the state-level) from 25.7% in 2003 to 32.7% in 2013. The 

cross-sectional analysis also demonstrated that increased minority rates were associated 

with lower student achievement. Although Figure 3 demonstrates this trend as decreasing in 

Washington D.C., that is not the case for much of the country. As is well known, students of 

a minority background are growing as a percentage of the population in the United States. 

In Nevada, for example, the percentage of non-white & non-Asian students has increased 20 

percentage points between 2003 and 2013. The states of Washington and Oregon have also 

registered dramatic increases in the percentage of non-white & non-Asian students, 

increasing by 16 and 15 percentage points, respectively between 2003 and 2013. Some states 

have remained somewhat flat in the percentage of non-white & non-Asian students: North 

Dakota, for example, which has had historically low rates of minority students, registered a 

4 percentage point increase in non-white & non-Asian students between 2003 and 2013. 

Note that both minority rates and poverty rates have increased between 2003 and 2013, 

which may have important implications for student achievement. 

The final trend presented is the percentage of students with a father who completed 

college. The cross-sectional analysis demonstrated that a higher percentage of students with 

a father who completed college is associated with higher NAEP scores. Changes in parental 

education levels may have a significant impact on student achievement. As Figure D3 in 

Appendix D demonstrates, this percentage has remained largely flat between 2003 and 
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2013, despite rising poverty rates. An average of 33.2% of students had a father who 

completed college in 2003, compared to 34.8% in 2013. Furthermore, states that typically 

perform well on NAEP, also tend to have a high percentage of fathers with college degrees. 

Minnesota and New Jersey, for example, have performed better than most states on NAEP, 

and they have the highest percentage of fathers with college degrees. Figure 4 presents 

trends in percentage of students with a father who completed college for select states. The 

states of Wisconsin, Minnesota, Virginia, and Ohio each saw a 5 point increase (the largest 

increases in the nation) in the percentage of students with a father who completed college. 

Colorado, Hawaii, and Nevada, on the other hand, registered decreases of 2 percentage 

points, 2 percentage points, and 5 percentage points, respectively (the largest decreases in 

the nation). Whereas Minnesota has the highest percentage of students with a father who 

completed college (47%), Nevada, New Mexico, and Louisiana tie for the last position, with 

only 23% of students with a father who completed college. Finally, eight states registered 

neither increases nor decreases between 2003 and 2013: Mississippi, Louisiana, and Oregon, 

to name a few. Overall, the trend is positive and increasing for this variable, although as 

expected, significant variation exists between states. 

The rest of section 4.5 examines the panel data using regression analysis. In section 

4.2, I presented correlation analysis for each variable in each year. The decisions made on 

which variables to include in the cross-sectional analysis will apply to the panel data 

analysis as well. Similar to the cross-sectional analysis as well, I exclude Washington D.C. 

because of its unique status as a city, and Washington is generally an outlier for most 

variables (see Appendix C).
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Figure 3 
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Figure 4 
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4.5.1 Student and Family Background Factors 

I first regress student factors onto the NAEP scores, including state and year fixed 

effects. Because the regressions using the panel data include state and year fixed effects, 

several R-squared values are reported. For example, in Table 16, R-squared values under the 

Within Variation section report how much variation is not due to state fixed effects. Under 

State and Year Fixed Effects Partialed Out, R-squared values report the variation not 

explained by the state and year fixed effects. Finally, under ‘Overall Variation,’ the R-

squared values report the variation explained in general, including the variation that is due 

to state and year fixed effects. In each case, adjusted R-squared values take into account the 

number of independent variables in the model, so adjusted R-squared values increase only 

when the additional variable improves the model more than would be expected by chance 

(as opposed to the regular R-squared value which increases with each additional variable 

regardless of whether that variable helps the model). 

Table 16 presents coefficients using the panel data to regress student factors onto 

NAEP scores. Each coefficient represents three separate regressions, which generated the 

three sets of R-squared values at the bottom of the table. Coefficients remained consistent 

in all three regressions, but robust standard errors varied slightly depending on how the 

model was run. 

Initially, the panel data seems to explain a far greater percentage of the variation in 

NAEP scores compared to the cross-sectional analysis (note at the bottom of the table the 

high R-squared values under the ‘overall variation’ section). Each variable seems to explain 

about 94% - 95% of the overall variation in NAEP scores. This result, however, may be 

misleading due to the generally low variation in NAEP scores that is observed across time 
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and between states (see Appendix G for the variation of each variable between states and 

across time). Due to this low variation, state and year fixed effects actually explain most of 

the variation in NAEP scores, rather than the independent variables. Indeed, once state and 

year fixed effects are partialed out—meaning that the variation explained by state and year 

fixed effects is not included—the models presented in Table 16 essentially fail to explain any 

of the variation in NAEP scores. Although the regular R-squared value fluctuates from as 

low as 0.00% for the male and ELL variables (columns (5) and (6)) to as high as 11.1% for 

some of the specifications with more than one student factor (columns (7), (8), and (9)), the 

adjusted R-squared value for each of these models is negative. Once the variation explained 

by the state and year fixed effects is accounted for, the independent variables essentially 

explain none of the variation. Moreover, the F-tests for whether all coefficients in the model 

were zero often resulted in failing to reject the null hypothesis (thus, the statistical evidence 

suggests that all coefficients are jointly zero when state and year fixed effects are partialed 

out). Table 16 demonstrates the significant limitation of my panel data. Due to low 

variation in NAEP scores, determining how much of the variation is explained by the 

independent variables leads to weak conclusions as state and year fixed effects explain much 

of the variation. 

The ‘within variation’ explained by each model was similar in magnitude to the R-

squared values produced from the cross-sectional analysis. This is expected, as within 

variation means considering all of the variation not explained by the state fixed effect (the 

R-squared value is calculated by looking at the variation in each state individually across 

time). The year fixed effects, however, explain much of this ‘within variation’. Appendix G 

indicates that the standard deviation of NAEP scores across the time variable is 3.13. 
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Because of the relatively small variation in scores over time, the year fixed effects have the 

most explanatory power. 

Ultimately, despite the issue that most of the variation can be explained by state and 

year fixed effects, the disability variable turns out to be highly statistically significant in all 

of the models presented in Table 16. As expected, an increase in the percentage of disabled 

students, holding other variables constant, is associated with a 0.373 point decrease in 

NAEP scores, based on model (10), highlighted in green.16 Other variables, while not 

statistically significant, took on the expected sign. The national school lunch not eligible 

variable is positive (more students ineligible for the program is associated with a higher 

score), father college education is also positive, and percentage of non-white & non-Asian 

students is negative. The R-squared value of model (10) when state and year fixed effects 

are partialed out is about 10.7%. This suggests that student characteristics and family 

background remain somewhat important in explaining student achievement, although 

understanding the exact magnitude of the effect of student and family background 

characteristics on student achievement may be difficult to pinpoint using this panel data.

16 Model 10 produced the highest (yet still negative) adjusted R-squared value when state and year fixed 
effects are partialed out. I then rely on the regular R-squared value for interpretation. Nevertheless, 
readers should exercise caution in interpreting these R-squared values due to the disparity between the 
adjusted R-squared value and the regular R-squared value under the State and Year Fixed Effects 
Partialed Out section. 

87Roman M. G. Larson



Table 16: Student Factors Panel Data Analysis 
 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
 NAEP NAEP NAEP NAEP NAEP NAEP NAEP NAEP NAEP NAEP 

NSL Not Eligible 0.104      0.0664 0.0686 0.0683 0.0809 
 (0.0687)      (0.0670) (0.0662) (0.0662) (0.0659) 
Father Education  0.156     0.0858 0.0807 0.0806  
  (0.112)     (0.111) (0.103) (0.103)  
Non-white & non-Asian   -0.110    -0.106 -0.105 -0.106 -0.116 
   (0.101)    (0.103) (0.103) (0.101) (0.0953) 
Disability    -0.356****   -0.379**** -0.379**** -0.378**** -0.373**** 
    (0.0848)   (0.0912) (0.0901) (0.0932) (0.0896) 
Male     -0.00694  0.0270 0.0234   
     (0.133)  (0.138) (0.133)   
ELL      -0.00427 -0.0318    
      (0.104) (0.0981)    
Constant 271.0**** 272.2**** 280.3**** 281.6**** 277.8**** 277.4**** 276.4**** 276.5**** 277.7**** 279.8**** 
 (4.253) (3.719) (2.611) (1.010) (6.661) (0.539) (10.80) (10.60) (7.111) (5.442) 
           
Observations 300 294 300 300 300 300 294 294 294 300 
Number of clusters 50 49 50 50 50 50 49 49 49 50 
State Fixed Effects YES YES YES YES YES YES YES YES YES YES 
Year Fixed Effects YES YES YES YES YES YES YES YES YES YES 

           
Within Variation   
R-squared 0.729 0.729 0.727 0.742 0.723 0.723 0.756 0.756 0.756 0.752 
Adj. R-squared 0.723 0.723 0.722 0.737 0.717 0.717 0.746 0.747 0.748 0.746 
State and Year Fixed Effects Partialed Out   
R-squared 0.022 0.013 0.015 0.071 0.000 0.000 0.111 0.111 0.111 0.107 
Adj. R-squared -0.203 -0.214 -0.211 -0.143 -0.229 -0.229 -0.117 -0.113 -0.108 -0.107 
Overall Variation   
R-squared 0.955 0.955 0.955 0.957 0.954 0.954 0.960 0.960 0.960 0.959 
Adj. R-squared 0.945 0.945 0.944 0.947 0.943 0.943 0.949 0.950 0.950 0.949 

Robust standard errors in parentheses (clustered by state) 
**** p<0.001, *** p<0.01, ** p<0.05, * p<0.1 
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4.5.2 School and Teacher Factors 

 I next examine the effect of schools and teachers on student achievement, presented 

in Table 17. The adjusted R-squared values for the overall variation explained are once 

again very high in each specification, around 94% - 95%. The adjusted R-squared values for 

‘within variation’ are also very high, and similar in magnitude to the student and family 

background variables. Looking at the R-squared values after partialing out state and year 

fixed effects supports the idea, however, that the school and teacher factors explain less of 

the variation in NAEP scores compared to the student and family background factors. 

Although the adjusted R-squared values are negative in Table 17, the regular R-squared 

values are extremely small for all specifications, ranging from 0.00% to a maximum of 7.4%. 

Columns (7) through (11) present specifications with multiple school and teacher 

factors regressed onto the NAEP scores.17 In model (10), the regular R-squared value after 

partialing out state and year fixed effects is 0.01%, so the independent variables in the 

school and teacher factors group explain very little of the variation over time and between 

states. Although quantifying the exact amount of variation in student achievement that is 

explained by this group of factors proves difficult, the amount of variation explained seems 

to be smaller than the amount of variation explained by the student and family background 

group. 

17 Model (7) generated the highest overall adjusted R-squared value, but model (10) generated the highest 
adjusted R-squared value with state and year fixed effects partialed. Models (5) and (6) each produced 
high adjusted R-squared values for within variation, but the coefficients were insignificant. Column (10) 
explained only slightly less within variation than the other specifications (71% compared to 72% in (1) or 
73% in (6)). Because model (10) produces the highest adjusted R-squared variation with state and year 
fixed effects partialed out, I select this model as the one that explains the most amount of variation for 
the school and teacher factors. 

89Roman M. G. Larson



The only variable that remained consistently significant at the conventional 5% level 

was the charter school variable. In model (10), the charter school variable is positive and 

highly significant: a 1 percentage point increase in students attending charter schools is 

associated with a 0.328 increase in NAEP scores, holding all else constant. The other two 

variables in model (10) take on the expected sign, although the variables are statistically 

insignificant. The variable for math tracking was positive. The student-teacher ratio 

variable, on the other hand, was negative, suggesting that an increase in the student-teacher 

ratio is associated with lower NAEP scores, holding all else constant. These models, 

however, do not include important controls like student and family background factors, 

which may impact the results (see section 4.5.6). Overall, charter schools may be a 

significant school factor affecting student achievement, although the amount of variation 

explained by school and teacher factors, when including state and year fixed effects, remains 

close to zero, so drawing a definitive conclusion about the amount of the variation in 

student achievement explained by schools and teachers is difficult.
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Table 17: School and Teacher Factors Panel Data Analysis 
 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 
 NAEP NAEP NAEP NAEP NAEP NAEP NAEP NAEP NAEP NAEP NAEP 

            
Math Tracking 0.00816      -0.00835 0.0292 0.00735 0.0300  
 (0.0248)      (0.0389) (0.0273) (0.0253) (0.0269)  
City  -0.116*     -0.0772     
  (0.0677)     (0.0983)     
Charter   0.356***    0.317* 0.326**  0.328** 0.320** 
   (0.118)    (0.167) (0.137)  (0.137) (0.135) 
Exit    -0.216   1.059 -0.275 -0.196   
    (0.523)   (0.788) (0.590) (0.537)   
Private School     -0.878  -12.21     
     (8.068)  (28.68)     
ST Ratio      -0.220 -0.0655 -0.228  -0.228 -0.219 
      (0.133) (0.210) (0.152)  (0.151) (0.151) 
Constant 276.8**** 286.5**** 278.0**** 277.5**** 277.5**** 280.8**** 284.7**** 284.7**** 277.0**** 284.5**** 281.4**** 
 (1.728) (1.652) (0.312) (0.329) (0.814) (2.094) (5.120) (3.030) (1.822) (2.919) (2.320) 
            
Observations 300 192 250 300 250 250 144 200 300 200 200 
Number of Clusters 50 48 50 50 50 50 48 50 50 50 50 
State Fixed Effects YES YES YES YES YES YES YES YES YES YES YES 
Year Fixed Effects YES YES YES YES YES YES YES YES YES YES YES 

            
Within Variation          
R-squared 0.723 0.442 0.684 0.723 0.738 0.741 0.500 0.717 0.723 0.717 0.715 
Adj. R-squared 0.717 0.430 0.678 0.717 0.733 0.735 0.470 0.707 0.717 0.708 0.707 
State and Year Fixed Effects Partialed Out         
R-squared 0.001 0.021 0.044 0.001 0.000 0.009 0.071 0.051 0.052 0.001 0.051 
Adj. R-squared -0.229 -0.342 -0.226 -0.229 -0.282 -0.271 -0.521 -0.318 -0.326 -0.233 -0.318 
Overall Variation          
R-squared 0.954 0.964 0.960 0.954 0.961 0.962 0.974 0.968 0.954 0.968 0.968 
Adj. R-squared 0.943 0.951 0.949 0.943 0.951 0.951 0.959 0.956 0.943 0.956 0.956 

Robust standard errors in parentheses 
**** p<0.001, *** p<0.01, ** p<0.05, * p<0.1 
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4.5.3 Finance Factors 

 Tables 18 presents the regression results for the finance variables. None of the finance 

variables is ever statistically significant in any of the models at the 5% level. The 

coefficients for average salary, total PPE, and instructional PPE are small but negative 

when regressed individually onto NAEP scores. These results suggest that increased funding 

is not associated with higher NAEP scores, although other controls like student and family 

background variables would need to be included in the regression to verify this relationship 

(see section 4.5.6). Regressing several factors together on NAEP scores similarly produced 

statistically insignificant results, and interpretation of the coefficients becomes almost 

nonsensical: for example, in specification (6), the results suggest that holding instructional 

PPE constant, an increase in average salaries is associated with a decrease in NAEP scores. 

However, the vast majority of instructional pupil expenditures are salaries, so realistically it 

is nearly impossible to hold constant instructional dollars and increase or decrease salaries. 

 As with the previous two groups of variables, the problems caused by low variation 

in NAEP scores emerges in these regression results as well. Each finance model has an 

overall adjusted R-squared value of 95.1%, but the state and year fixed effects account for 

most of this variation. When partialing out state and year fixed effects, the amount of 

variation explained is very low (and zero if one considers the adjusted R-squared values). 

The best model in terms of highest adjusted R-squared value when state and year fixed 

effects were partialed out was the one which included all three finance variables in the 

regression. Although the adjusted R-squared value is negative, the regular R-squared value 

in column (4) suggests that only 2.5% of the variation in NAEP scores can be explained by 

the model. The variation explained by the finance factors (when all factors in the finance 
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group are regressed together on NAEP scores) is lower than the variation explained by the 

student background factors and the school and teacher factors. Caution should be exercised, 

however, in interpreting the coefficients in model (4) as they may have little practical 

meaning due to the multicollinearity of the finance measures. Additionally, the coefficients 

for each variable are very small and statistically insignificant, underscoring the weak 

relationship between the finance factors and student achievement on NAEP. 

 

Table 18: Finance Factors Panel Data Analysis 
 (1) (2) (3) (4) (5) (6) (7) 
 NAEP NAEP NAEP NAEP NAEP   NAEP NAEP 
        
Average Salary -0.000103   -0.000112 -0.000130* -0.000104  
 (0.00007115)   (0.00007.29) (0.00007695) (0.00007345)  
Total PPE  -0.00001.66  0.000928 0.000158  0.000884 
  (0.000250)  (0.000721) (0.000269)  (0.000697) 
Instructional PPE   -0.S000213 -0.00134  0.0000125 -0.00152 
   (0.000441) (0.00121)  (0.000479) (0.00121) 
Constant 282.1**** 277.6**** 278.5**** 281.7**** 282.1**** 282.1**** 277.8**** 
 (3.327) (2.184) (2.367) (3.201) (3.441) (3.334) (2.269) 
        
Observations 250 250 250 250 250 250 250 
Number of Clusters 50 50 50 50 50 50 50 
State Fixed Effects YES YES YES YES YES YES YES 
Year Fixed Effects YES YES YES YES YES YES YES 
        
Within Variation      
R-squared 0.741 0.738 0.739 0.745 0.742 0.741 0.742 
Adj. R-squared 0.736 0.733 0.734 0.738 0.736 0.735 0.736 
State and Year Fixed Effects Partialed Out      
R-squared 0.011 0.000 0.002 0.025 0.013 0.011 0.015 
Adj. R-squared -0.268 -0.282 -0.279 -0.263 -0.272 -0.275 -0.269 
Overall Variation      
R-squared 0.962 0.961 0.962 0.962 0.962 0.962 0.962 
Adj. R-squared 0.951 0.951 0.951 0.951 0.951 0.951 0.951 

Robust standard errors in parentheses (clustered by state) 
**** p<0.001, *** p<0.01, ** p<0.05, * p<0.1 
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4.5.4 Government/Policy Factors 

 Table 19 explores the two government/policy factors: the Peterson and Hess 

standards measurement and the NCTQ grading of state teacher policies. Regressed 

individually onto NAEP scores, both variables are positive but statistically insignificant. As 

was the case in each of the three previous categories, adjusted R-squared values for the 

overall variation are very high, around 95%. The adjusted R-squared value for within 

variation in model (1) (regressing the Peterson & Hess standards measurement onto NAEP 

scores) is 74%. Finally, the adjusted R-squared value in column (1), after partialing out 

state and year effects, is negative and the regular R-squared value is 0, suggesting that 

standards explain none of the variation in NAEP scores. 

Model (2), regressing the NCTQ variable onto NAEP score, and model (3), 

regressing both policy variables onto NAEP scores, perform slightly better than model (1) 

in terms of the variation explained after partialing out state and year fixed effects, but only 

three years of data are included in regressions (2) and (3) as the NCTQ measure was 

unavailable before 2009. The NCTQ measure may explain some variation in student 

achievement, but the adjusted R-squared value in column (2) after partialing out state and 

year fixed effects is smaller than the comparable adjusted R-squared value for the standards 

variable. Finally, when both variables are regressed together, even less of the variation (both 

within variation and variation after partialing out state and year fixed effects) is explained 

than when regression each variable individually. In the combined panel data analysis, I 

include only the standards variable as the NCTQ variable would limit the panel data 

analysis to three sets of NAEP scores, compared to the five sets of NAEP scores available in 

the whole dataset. Because the models in Table 19 represent different timespans, 
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comparisons of the R-squared values is tricky. One may conclude that model (3) explains 

more variation than model (2), as the models include the same observations, but comparing 

model (1) to model (2) or model (3) is hard to justify considering model (1) includes 87 

more observations. Overall, standards seem to explain little to no variation in NAEP scores. 

 

Table 19: Government/Policy Factors Panel Data Analysis 
 (1) (2) (3) 
 NAEP NAEP NAEP 
    
Standards 0.00817  0.0784 
 (0.263)  (0.358) 
NCTQ  0.423 -0.228 
  (0.350) (0.801) 
Constant 277.0**** 282.5**** 284.1**** 
 (0.557) (0.467) (1.269) 
    
Observations 237 150 100 
Number of Clusters 50 50 50 
State Fixed Effects YES YES YES 
Year Fixed Effects YES YES YES 
    
Within Variation    
R-squared 0.749 0.180 0.178 
Adj. R-squared 0.743 0.163 0.153 
State and Year Fixed Effects Partialed Out    
R-squared 0.000 0.016 0.004 
Adj. R-squared -0.302 -0.522 -1.120 
Overall Variation    
R-squared 0.962 0.970 0.979 
Adj. R-squared 0.951 0.954 0.956 

Robust standard errors in parentheses (clustered by state) 
**** p<0.001, *** p<0.01, ** p<0.05, * p<0.1 
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4.5.5 Union Factor 

 Table 20 presents the results from regressing the percentage of public workers 

covered by unions onto NAEP scores. Although the coefficient is not statistically significant, 

the coefficient is negative, which is the opposite outcome when the union variable was 

regressed individually for the 2011 cross-section. This result suggests that when including 

state and year fixed effects, an increase in the percentage of public workers (teachers and 

others) covered by a union is associated with lower NAEP scores. Similar to the previous 

four sections analyzing individual groups of variables, the overall R-squared value is about 

94% and the within variation adjusted R-squared is about 72%. The state and year fixed 

effects account for most of the variation explained with the union factor as well. When these 

effects are partialed out, the variation explained by the union variable is 0.01% (the regular 

R-squared value); the adjusted R-squared value suggests that none of the variation is 

explained. Overall, while increasing union coverage of public workers may be associated 

with a decrease in NAEP scores, the variable explains very little of the variation in NAEP 

scores. Further controls such as the student and family background factors, and school and 

teacher factors need to be added when considering the effect of unions on student 

achievement.
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Table 20: Union Factor Panel Data Analysis 
 (1) 
 NAEP 
  
Union -0.0180 
 (0.0346) 
Constant 278.1**** 
 (1.310) 
  
Observations 300 
Number of Clusters 50 
State Fixed Effects YES 
Year Fixed Effects YES 
  
Within Variation  
R-squared 0.723 
Adj. R-squared 0.718 
State and Year Fixed Effects Partialed Out 
R-squared 0.001 
Adj. R-squared -0.228 
Overall Variation  
R-squared 0.954 
Adj. R-squared 0.943 
Robust standard errors in parentheses (clustered by state) 

**** p<0.001, *** p<0.01, ** p<0.05, * p<0.1 
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4.5.6 Combined Factors Analysis Panel Data 

 The previous five sections analyzed the variation in student achievement explained 

by each group of factors separately. Overall, the results suggest that the student and family 

background factors explain the most variation, while the other four categories explain little 

to no variation. Nevertheless, state and year fixed effects explain most of the variation in 

each model. After partialing out these effects, the amount of variation explained by the 

independent variables is small, although the student and family background variables still 

explain more variation than the other categories. In this section, I combine the factors to 

examine how each group of factors explains student achievement relative to one another. 

The charter variable is excluded from this analysis, as not enough data was available.18 In 

Table 21, I present these results. 

 I began, similar to the combined factors for the cross-section, by regressing all of the 

variables onto the NAEP scores (column (1)). Following the same process as in the cross-

section, I removed the average salary and total PPE variables (column (2)) from the model 

as these variables exhibited multicollinearity and high correlation with instructional PPE 

and student-teacher ratio, respectively. With model (3), I remove total PPE and 

instructional PPE (leaving in average salary and student-teacher ratio) as an alternative 

way to handle the multicollinearity of the finance variables. This model (3) explained 

slightly more of the variation than model (2), so the rest of the models use the average 

18 In Appendix I, I offer some analysis of the charter school variable. The variable is not included in the 
main panel data analysis because data limitations would have limited observations for other variables as 
well. In attempt to maximize the number of years represented by the panel data, I excluded the charter 
school variable because data was missing for both the 2003 and 2005 NAEP examinations (understandable 
considering that charter schools rose to prominence after 2004). The results suggest that charter schools may 
have a positive effect on student achievement. Note that data is significantly limited with the charter school 
variable, so conclusions drawn are necessarily weaker. 
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salary variable as the finance measure. After deciding which finance variable to use, I 

proceeded to test other models, eliminating the most statistically insignificant variables. 

Ultimately, models (7), (8), (9), (10), and (11) explained similar amounts of variation, with 

models (8) and (11) explaining slightly more variation than the other models. Model (8) 

had the highest adjusted R-squared value after partialing out state and year fixed effects 

while model (11) had the highest adjusted R-squared value for within variation.19 With 

some exceptions, many of the conclusions reached in the analyses of the factors separately 

are supported by models (8) and (11), which have the most explanatory power and are 

highlighted in green. 

 First, each combined factors model explains about 96% of the variation overall (the 

adjusted-R-squared values for overall variation). This result is similar to the models 

generated for each group of factors separately. Similar to the separate group models, most of 

this variation can be explained by the state and year fixed effects. In particular, the year 

fixed effects probably account for the majority of the variation explained due to the low 

variability in NAEP scores across the ten years under analysis. This result is intuitive: with 

little variation in scores across time, the time fixed effects can successfully account for much 

of the small variation that is present. 

 Second, each combined factors model explains about 78% - 79% of within variation, 

although similar to the analysis examining groups of factors separately, much of this 

variation is due to the year fixed effects. Nevertheless, the within variation adjusted R-

squared values are higher than the values presented for the individual groups, so the 

19 Note that models (9) and (10) had the same adjusted R-squared value for within variation as model 11, 
but model (11) was selected based on its higher adjusted R-squared value after partialing out state and 
year fixed effects. 
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combined independent variables do explain better some of the variation in student 

achievement. This idea is underscored by the relatively large regular R-squared value 

generated after partialing out state and year fixed effects. Specifically, the R-squared value 

after partialing out state and year fixed effects for model (8) is 19.7% and 19.6% for model 

(9). 

 Third, unlike the results in the student and family background factors section 

(section 4.4.1), the national school lunch variable is statistically significant in all of the 

combined factor models. In fact, the national school lunch eligibility variable and the 

disability variable are the only statistically significant variables in models (8) and (11) at 

the conventional 5% level.
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Table 21: Combined Factors Panel Data Analysis 
 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 
 NAEP NAEP NAEP NAEP NAEP NAEP NAEP NAEP NAEP NAEP NAEP NAEP 

Student and Family Background           
NSL Not Eligible 0.167** 0.162** 0.153** 0.153** 0.150** 0.156** 0.154** 0.166*** 0.154** 0.162** 0.161** 0.162** 
 (0.0660) (0.0654) (0.0676) (0.0672) (0.0656) (0.0616) (0.0620) (0.0577) (0.0620) (0.0635) (0.0630) (0.0650) 
Father Education 0.141 0.170* 0.156 0.156 0.157 0.150 0.146 0.134 0.145 0.170* 0.164* 0.170* 
 (0.0902) (0.0972) (0.0953) (0.0968) (0.0967) (0.0905) (0.0920) (0.0881) (0.0921) (0.0892) (0.0900) (0.0983) 
Non-white 
& Non-Asian 

-0.0349 -0.0619 -0.0644 -0.0657 -0.0697 -0.0689 -0.0682 -0.0503 -0.0678   -0.0609 

 (0.0785) (0.0851) (0.0844) (0.0816) (0.0781) (0.0774) (0.0767) (0.0824) (0.0764)   (0.0819) 
Disability -0.364**** -0.362**** -0.369**** -0.371**** -0.374**** -0.371**** -0.366**** -0.367**** -0.363**** -0.344**** -0.358**** -0.360**** 
 (0.0888) (0.0905) (0.0928) (0.0961) (0.0954) (0.0948) (0.0940) (0.0868) (0.0954) (0.0954) (0.0956) (0.0935) 
Male -0.127 -0.127 -0.132 -0.131 -0.129 -0.138 -0.139 -0.0558 -0.136 -0.113  -0.127 
 (0.139) (0.145) (0.145) (0.143) (0.145) (0.139) (0.138) (0.128) (0.137) (0.135)  (0.144) 
ELL -0.0502 -0.0542 -0.0537 -0.0543 -0.0487       -0.0538 
 (0.107) (0.108) (0.107) (0.110) (0.108)       (0.110) 
Schools and Teachers           
Math Tracking -0.0217 -0.0164 -0.0129 -0.0133 -0.0131 -0.0134      -0.0162 
 (0.0277) (0.0284) (0.0287) (0.0275) (0.0273) (0.0272)      (0.0274) 
Exit -0.257 -0.276 -0.201 -0.200        -0.276 
 (0.542) (0.619) (0.608) (0.609)        (0.617) 
Private School -1.987 -5.047 -4.170 -4.004 -4.098 -4.374 -4.551 -1.962    -5.176 
 (6.338) (6.457) (6.471) (6.067) (6.006) (6.066) (6.110) (6.543)    (6.121) 
ST Ratio -0.178 -0.193 -0.164 -0.164 -0.166 -0.164 -0.166 -0.212* -0.172 -0.195 -0.197 -0.193 
 (0.129) (0.133) (0.125) (0.124) (0.122) (0.123) (0.121) (0.116) (0.119) (0.123) (0.124) (0.133) 
Finance             
Average Salary -0.000113  -0.000108 -0.000108 -0.000108 -0.000111 -0.000115 -0.00009415 -0.000116 -0.000113 -0.000109  
 (0.00008)  (0.000081) (0.0000812) (0.0000807) (0.00008.05) (0.00007.93) (0.00007.97) (0.00007.91) (0.00007.74) (0.00007.80)  
Total PPE 0.00127**            
 (0.000590)            
Instructional PPE -0.00185* -0.000334          -0.000333 
 (0.000965) (0.000501)          (0.000499) 
Government/Policy           
Standards -0.0731 -0.116 -0.137 -0.138 -0.136 -0.132 -0.115  -0.111 -0.129 -0.136 -0.114 

 (0.250) (0.244) (0.252) (0.249) (0.251) (0.253) (0.257)  (0.257) (0.259) (0.261) (0.240) 
             

(table continued on next page) 
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Table 21 (continued): Combined Factors Panel Data Analysis 
 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 
 NAEP NAEP NAEP NAEP NAEP NAEP NAEP NAEP NAEP NAEP NAEP NAEP 

Unions            
Union 0.00126 0.00255 -0.00328          
 (0.0494) (0.0473) (0.0478)          
             
Constant 282.7**** 280.6**** 284.7**** 284.6**** 284.6**** 285.0**** 284.4**** 279.0**** 283.9**** 279.7**** 274.3**** 280.7**** 
 (10.53) (10.10) (11.22) (10.78) (10.68) (10.48) (10.39) (10.22) (10.46) (9.572) (7.563) (9.905) 
             
Observations 232 232 232 232 232 232 232 245 232 232 232 232 
Number of Clusters 49 49 49 49 49 49 49 49 49 49 49 49 
State Fixed Effects YES YES YES YES YES YES YES YES YES YES YES YES 
Year Fixed Effects YES YES YES YES YES YES YES YES YES YES YES YES 

             
Within Variation           
R-squared 0.806 0.799 0.801 0.801 0.801 0.800 0.800 0.789 0.800 0.799 0.798 0.799 
Adj. R-squared 0.788 0.783 0.785 0.786 0.787 0.788 0.788 0.778 0.789 0.789 0.789 0.784 
State and Year Fixed Effects Partialed Out           
R-squared 0.226 0.200 0.207 0.207 0.207 0.206 0.204 0.197 0.204 0.199 0.196 0.200 
Adj. R-squared -0.0946 -0.118 -0.108 -0.101 -0.0952 -0.0902 -0.0860 -0.0698 -0.0806 -0.0805 -0.0788 -0.111 
Overall Variation          
R-squared 0.971 0.970 0.970 0.970 0.970 0.970 0.970 0.969 0.970 0.970 0.970 0.970 
Adj. R-squared 0.959 0.958 0.958 0.959 0.959 0.959 0.959 0.959 0.959 0.959 0.959 0.958 

Robust standard errors in parentheses 
**** p<0.001, *** p<0.01, ** p<0.05, * p<0.1 
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After identifying model (8) and (11) (the ‘final’ panel data models) as the 

specifications that explain the most variation, I rebuild the models starting with student 

and family background factors, and then adding in one by one the other categories. I 

present in Table 22 the breakdown of model (8) and in Appendix H, the breakdown of 

model (11). Similar to the cross-sectional analysis, the objective of this approach is to 

identify the significance of each group of factors relative to one another. The union category 

is excluded in the final panel data model (as it was in the final cross-sectional model) due to 

the variable’s statistical insignificance in models (1) – (3). Model (8) excludes the standards 

variable due to low statistical significance as well, although the model breakdown presented 

in Appendix H, which includes standards variable, offers some analysis of the potential role 

of standards. 

 As anticipated, the student and family background factors once again explain the 

most variation (11.1% of the variation is explained after partialing out state and year fixed 

effects) as demonstrated in column (3). Adding the school and teacher factors increases the 

R-squared by 7.7% to 18.8%. Finally, including the average salary variable (the finance 

factor) increases the R-squared value by 0.9% to 19.7%. In the analysis of explanatory 

power, I use the regular R-squared value with state and year fixed effects partialed out as 

opposed to the adjusted R-squared value, which while increasing with each additional group 

of factors included, remains negative even in the final model. Applying the same process to 

the within variation R-squared values leads to the conclusion that student factors explain 

74.7% of the variation, schools and teacher factors explain an additional 3.0% of the 

variation, and finance factors explain an additional 0.1% of the variation. Analyzing the 

changes to the within variation R-squared values requires more caution, though, as the 

previous sections demonstrated that regardless of the model, the within variation R-squared 
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values are consistently around 75% - 80%. Changes in the R-squared values for within 

variation and when state and year fixed are partialed out should be interpreted only as a 

relative increases: finance factors increase the explanatory power of the model less than 

school and teacher factors when included in addition to the student and family background 

factors. 

Overall, the main story presented here is the same as the one for the cross-section: 

student and family background characteristics explain the most variation, although the 

disparities with the other categories are not nearly as large. For the panel data analysis, 

school and teacher factors seem to explain more of the variation in student achievement 

than the finance factors whereas in the cross-sectional analysis, the finance factors explained 

more of the variation than the school and teacher factors (relative to the student and family 

background factors). In the discussion section, I analyze the implications for policy solutions 

in light of this evidence. Although student and family background factors consistently 

explained the most variation in student achievement, schools and teachers outweigh the 

finance variable when analyzed from a ten-year perspective. In addition to underscoring the 

significant effect of student and family background, these results support the notion that 

how money is spent (shaping high quality schools and teachers) may be more important 

than the amount of money spent. 
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Table 22: Final Model Breakdown Panel Data Analysis 
 (1) (2) (3) (4) (5) 
 NAEP NAEP NAEP NAEP NAEP 
Student and Family Background   
NSL Not Eligible   0.0686 0.168*** 0.166*** 
   (0.0662) (0.0569) (0.0577) 
Father Education   0.0807 0.143 0.134 
   (0.103) (0.0916) (0.0881) 
Non-white & Non-Asian   -0.105 -0.0452 -0.0503 
   (0.103) (0.0817) (0.0824) 
Disability   -0.379**** -0.367**** -0.367**** 
   (0.0901) (0.0872) (0.0868) 
Male   0.0234 -0.0440 -0.0558 
   (0.133) (0.128) (0.128) 
Schools and Teachers    
Private School 0.376   -2.819 -1.962 
 (8.269)   (6.640) (6.543) 
ST Ratio -0.220   -0.192* -0.212* 
 (0.134)   (0.110) (0.116) 
Finance      
Average Salary  -0.000103   -9.41e-05 
  (7.11e-05)   (7.97e-05) 
      
Constant 280.8**** 282.1**** 276.5**** 273.3**** 279.0**** 
 (2.158) (3.327) (10.60) (8.832) (10.22) 
      
Observations 250 250 294 245 245 
Number of Clusters 50 50 49 49 49 
State Fixed Effects YES YES YES YES YES 
State Fixed Effects YES YES YES YES YES 
      
Within Variation      
R-squared 0.741 0.741 0.756 0.787 0.789 
Adj. R-squared 0.734 0.736 0.747 0.777 0.778 
State and Year Fixed Effects Partialed Out    
R-squared 0.009 0.011 0.111 0.188 0.197 
Adj. R-squared -0.277 -0.268 -0.113 -0.0755 -0.0698 
Overall Variation      
R-squared 0.962 0.962 0.960 0.969 0.969 
Adj. R-squared 0.951 0.951 0.950 0.959 0.959 

Robust standard errors in parentheses (clustered by state) 
**** p<0.001, *** p<0.01, ** p<0.05, * p<0.1 
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5 Discussion 

Policymakers have advocated for various education system reforms, ranging from 

reducing class size, to increasing teacher pay, to increasing the number of charter schools 

and voucher programs. Section 4 demonstrated, however, that factors external to the 

education system, namely national school lunch eligibility (socioeconomic status) and 

disability, may explain most of the variation in education achievement in the United States. 

Although student and family background characteristics seem to explain the most variation 

in student achievement, policymakers should look also at data on school and teacher factors, 

finance factors, government/policy factors, and union factors to examine which variables 

have the most opportunity to improve student achievement. In this section, I discuss the 

results presented in the previous section in terms of how education policymakers may make 

the most significant impacts on student achievement.20 Table 23 presents the final models 

from the combined factor analysis from both the cross-sectional and the panel data. 

Both the cross-sectional and panel data models demonstrated that the national school 

lunch eligibility variable was statistically significant. In column (1), the model with the most 

explanatory power from the cross-sectional analysis, a one percentage point increase in the 

20 The results of this study are not meant to imply causality in any way. While student and family 
background variables seem to explain most of the variation in student achievement, the specific causal 
mechanisms remain unclear. Peterson (2012), for example, argues that family income does not cause lower 
student achievement (although the correlation does exist). Rather, school and teacher factors have much 
larger causal impacts compared to student and family background factors. On the other hand, Ladd 
(2011) argues in favor of poverty as a causal mechanism for lower student achievement. The results 
presented in this paper do not clarify the causal relationships between the five groups of factors and 
student achievement. Instead, I focus on how much of the variation in student achievement is due to 
various groups of factors. Whether those factors have a causal impact, and the size of the causal impact, 
is a question requiring further research. Studies on causal mechanisms may identify other policy 
recommendations that may have a larger impact on student achievement. 
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percentage of students not eligible for the national school lunch program is associated with 

0.393 point increase in NAEP scores, holding the other variables – school and teacher 

factors, finance factors, and government/policy factors – constant. In other words, a one 

point increase in NAEP scores would require a state to produce a 2.5 percentage point 

decrease in student eligibility for the national school lunch program. To bridge the 35 point 

gap between the highest performing state on the 2013 NAEP 8th grade mathematics 

assessment (Massachusetts) and the worst performer (Washington D.C.), the percentage of 

students eligible for the national school lunch program would need to decrease by 87.5 

percentage points in Washington D.C. Considering that 77% of Washington D.C. students 

are eligible for the national school lunch program, a decrease of 87 percentage points is 

impossible. While a dramatic shift in the poverty rates in D.C. seems unlikely, policymakers 

may benefit from understanding how much of a change in poverty rates would be required 

to bring the performance of D.C. up to the national average. To bring D.C. up to the 

national mean, national school lunch eligibility would need to decrease by 46.6 percentage 

points, which although unlikely, is more feasible than an 87.5 percentage point decrease. 

The panel data coefficients are much smaller, suggesting that even larger changes in poverty 

would be required to improve student achievement. Specifically, column (3) indicates that a 

one percentage point increase in students who are not eligible for the national school lunch 

program is associated with a 0.166 point increase in NAEP scores. In other words, the 

percentage of students eligible for the national school lunch program would need to decrease 

by about six percentage points for a one point increase in NAEP scores. To bring 

Washington D.C. up to the national average with this estimate, eligibility for the national 

school lunch program would need to decrease by 112 percentage points, which is clearly 

impossible. Moreover, I demonstrated earlier the increasing trend in national school lunch 
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eligibility, so policymakers would not only need to reduce poverty, but also reverse the 

current trend of increasing child poverty. 
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Table 23: Final Models from Cross-Sectional and Panel Data Analyses 
 Cross-Section Panel Data 
 (1) (2) (3) (4) 
 NAEP NAEP NAEP NAEP 
Student and Family Background    
NSL Not Eligible 0.393*** 0.417*** 0.166*** 0.161** 
 (0.131) (0.129) (0.0577) (0.0630) 
Father Education 0.372** 0.343** 0.134 0.164* 
 (0.159) (0.157) (0.0881) (0.0900) 
Non-white & Non-Asian -0.0797 -0.0955 -0.0503  
 (0.0649) (0.0630) (0.0824)  
Disability 0.430 0.428 -0.367**** -0.358**** 
 (0.315) (0.315) (0.0868) (0.0956) 
Male -2.793** -2.652** -0.0558  
 (1.294) (1.287) (0.128)  
ELL 0.352 0.426   
 (0.280) (0.270)   
Schools and Teachers    
Math Tracking 0.0674 0.0663   
 (0.0612) (0.0613)   
City 0.192** 0.189**   
 (0.0842) (0.0842)   
Charter 0.392 0.486   
 (0.309) (0.295)   
Exit 1.832 2.270   
 (1.456) (1.390)   
Private School   -1.962  
   (6.543)  
ST Ratio -1.582**** -1.579**** -0.212* -0.197 
 (0.392) (0.392) (0.116) (0.124) 
Finance     
Average Salary   -0.00009415 -0.000109 
   (0.0000797) (0.0000780) 
Total PPE     
     
Instructional PPE -0.00181*** -0.00175**   
 (0.000661) (0.000659)   
     

(table continued on next page) 
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Table 23 (continued): Final Models from Cross-Sectional and Panel Data Analyses 
 Cross-Section Panel Data 
 (1) (2) (3) (4) 
 NAEP NAEP NAEP NAEP 
Government/Policy     
Standards 0.679   -0.136 
 (0.672)   (0.261) 
NCTQ -1.595 -1.506   
 (0.956) (0.952)   
Unions     
Union     
     
Constant 414.4**** 407.6**** 279.0**** 274.3**** 
 (67.00) (66.68) (10.22) (7.563) 
     
Observations 48 48 245 232 
Number of Clusters - - 49 49 
State Fixed Effects   YES YES 
Year Fixed Effects   YES YES 
     
Within Variation     
R-squared - - 0.789 0.798 
Adj. R-squared - - 0.778 0.789 
State and Year Fixed Effects Partialed Out   
R-squared - - 0.197 0.196 
Adj. R-squared - - -0.0698 -0.0788 
Overall Variation     
R-squared 0.794 0.787 0.969 0.970 
Adj. R-squared 0.706 0.706 0.959 0.959 

Robust standard errors in parentheses 
**** p<0.001, *** p<0.01, ** p<0.05, * p<0.1 

111Roman M. G. Larson



Education reformers may also consider how much change in certain variables would be 

necessary to raise the worst performing states to the NAEP-defined “proficient” level. As 

explained in the NAEP scores overview section, proficiency is defined as “solid academic 

performance for each grade assessed.” The other two categories of achievement on NAEP 

are basic (partial mastery of the grade-level material; cut off score: 262) and advanced 

(superior performance; cut off score: 333). For the 2013 NAEP examination, the cut off 

score for the proficient level was 299. Washington D.C., on the other hand, barely crosses 

the threshold of basic: the average score was 265, a mere three points above the basic level. 

Unfortunately, only students in the state of Massachusetts averaged scores above the 

proficient level. In other words, students in the best performing state on the 2013 NAEP 

examination performed on average at a level that was barely above proficient. Moreover, 

efforts to raise the worst performing states to the average level of Massachusetts’ 

performance actually means increasing performance to the proficient level. 

Increasing student achievement in Washington D.C. or in any of the other low-

performing states (for example, Mississippi and Alabama) would require significant 

improvements in poverty rates. In fact, the results of the panel data demonstrate that to 

bring D.C. and low performing states up to the proficient level would require changes that 

are nearly impossible, like reducing poverty rates by over 100 percentage points. Education 

policymakers must therefore look to other factors that influence student achievement. Other 

student and family background characteristics would require changes of a similar magnitude 

as the national school lunch variable. For example, the coefficient for percentage of fathers 

with a college diploma is roughly similar to the coefficient on the national school lunch 

variable. Specifically, the cross-sectional analysis (column (2)) demonstrates that a one 

percentage point increase in fathers with a college degree is associated with a 0.343 increase 
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in NAEP scores. In other words, to raise NAEP scores by 1 point, a state would need to 

increase the percentage of fathers with a college degree by 2.9 percentage points. 

Considering that the percentage of fathers with a college degree has only increased by 1.6% 

on average in the last ten years, a 3 percentage point increase seems highly implausible and 

would be difficult to achieve. Although the father education variable was less significant in 

the panel data analysis, the coefficient was similar to the national school lunch variable 

(according to the panel data in column (2), to raise student achievement by 1 point on 

NAEP, the average percentage of fathers with a college degree would need to increase by 6.1 

percentage points). Reducing poverty may help with the college education factor, but the 

changes required to poverty and/or parental education to increase student achievement by 

even just 1 point on the NAEP examination are significant and would require enormous 

economic investments.21 

The other important family and student background variable is disability. The 

disability variable was not statistically significant in the cross-sectional analysis, but in the 

panel data analysis, disability was the most statistically significant of all the variables. 

Column (4) demonstrates that a one percentage point increase in students identified as 

disabled is associated with a 0.358 decrease in NAEP scores (in other words, to raise scores 

by one point, the disability rate would need to decrease by 2.8 percentage points). This 

coefficient is twice as large as the coefficient on national school lunch eligibility in the panel 

data. One concern with the disability variable is that states are using disability 

identification as a way to classify students who may perform poorly but might not actually 

21 Other researchers may want to examine the actual economic costs of changing student and family 
background characteristics in relation to the potential economic benefits of increased student 
achievement. 
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have a disability. A loose definition of disability in one state may allow students who are 

academically struggling to be classified as disabled, yet in another state with has stronger 

disability identification requirements, that student would simply be identified as poor 

performing (and other factors would potentially explain the poor performance). Ultimately, 

my methodology cannot successfully disentangle the independent effect of disability on 

student achievement, particularly as schools and states vary in their use of disability 

identification. Nevertheless, as was the case for the national school lunch variable and the 

father education variable, the results suggest that improving NAEP scores would require 

significant decreases in students with disabilities. On the assumption that states and schools 

use disability identification for the strict purpose of identifying students with learning 

disabilities (which is a strong assumption considering the variability in states’ disability 

identification policies), then policymakers would need to focus on creating policy that 

improves the educational experience of students with disabilities. The results suggest that to 

register even minimal improvements in student achievement, significant resources would 

need to be invested in improving education for students with disability. 

 In the schools and teachers group of variables, the city and student-teacher ratio 

variables were statistically significant in the cross-sectional analysis. In the panel data 

models, however, the city variable was excluded due to its low statistical significance. The 

student-teacher ratio was weakly statistically significant (p<.10) in the panel data analysis, 

and the magnitude of the coefficient decreased significantly from the cross-sectional 

analysis, so the variable’s potential to impact student achievement should be interpreted 

cautiously. 

 The city variable suggests that a one percentage point increase in the percentage of 

students attending schools in cities is associated with 0.189 increase in NAEP scores 
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(column (2)), holding student and family background factors and other variables constant. 

However, a potential problem with the result is the likely significant heterogeneity in the 

classification of cities in the dataset. For example, the Common Core of Data differentiates 

cities by size: large cities have more than 250,000 people while small cities have less than 

100,000 people. Further research should be conducted to analyze the effects of various city 

sizes on student achievement. Because the city variable was highly statistically insignificant 

in the panel data analysis, I focus instead on student-teacher ratios as the potential school 

factor that education policymakers may be able to impact. 

 In the cross-sectional analysis, the student-teacher ratio effect was quite significant: 

increasing the student ratio by one student is associated with roughly a -1.6 point decrease 

in NAEP scores, holding all else constant (including instructional per-pupil expenditures). 

In the panel data analysis, the student-teacher ratio variable is weakly significant, and the 

magnitude of the coefficient is significantly smaller. Column (3) in Table 23 demonstrates 

that increasing the student-teacher ratio by one student is associated with a 0.212 decrease 

in NAEP scores, holding all else constant. Although school and teacher factors explained far 

less of the variation in NAEP scores compared to the student and family background 

factors, adjusting the student-teacher ratio may lead to significant changes in student 

achievement. Based on the cross-sectional analysis, decreasing student-teacher ratios by 11.6 

students would raise Washington D.C.’s performance to the national average. Nevertheless, 

a policy solution that focuses exclusively on student-teacher ratios may not be feasible, 

especially as the student-teacher ratio was statistically insignificant in the panel data 

results. Washington D.C., for example, has decreased student-teacher ratios each year since 

2003, to the point where the student-teacher ratio in 2011 was 12.03. The decreases in 

student-teacher ratios that would be required to raise student achievement to the national 
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average in Washington D.C. are impossible as student-teacher ratios cannot drop below one. 

Delivering education via one-to-one interaction may sound like a good idea, especially for 

struggling students, but the idea is not practically or economically feasible for all 55 million 

students in the United States. Moreover, Massachusetts’ student-teacher ratio, although 

relatively low compared to other states, was consistently at least one greater than 

Washington D.C.’s between 2003 and 2011., Therefore, merely reducing class size cannot 

alone address the significant education differences between states, particularly if 

policymakers are focused on raising achievement in the lowest performing states. 

The United States has largely maintained flat student-teacher ratios over the last ten 

years. The average student-teacher ratio in all states and D.C. was 15.5 in 2003 and 

decreased slightly to 15.4 in 2011 (excluding D.C. from the analysis however points to a 

completely flat average student-teacher ratio, 15.5 in both 2003 and 2013). It is important 

to remember that the student-teacher ratio used in this study represents the student-teacher 

ratio for grades K-12. A more nuanced analysis would consider the effects of class size at 

specific grade levels. The literature has offered conflicting conclusions on class size, and this 

study certainly provides no further clarity on the issue, although the data suggests that 

decreasing class sizes may be associated with increases in student achievement. Other 

researchers may want to consider the impacts of class size in relation to other factors like 

teacher quality, a variable that was not well represented in this study. Parsing out which 

school factors impact education achievement the most may also help policymakers identify 

solutions that improve specific aspects of schools: reductions in class size may or may not be 

a part of those solutions. 

Policymakers around the United States have also repeatedly called for increasing 

funding to education, but the results of this study suggest that more money may not be the 
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answer. In the cross-sectional analysis, the instructional per-pupil expenditure variable was 

statistically significant, but negative. The coefficient implies that, holding all else constant 

(including the student-teacher ratio), a one-dollar increase in per-pupil instructional dollars 

is associated with a 0.00181 decrease in NAEP scores. In other words, increasing 

instructional per-pupil expenditures by $556 is associated with a one point decrease in 

NAEP scores, holding other variables constant. Overall, this result generally indicates that 

increasing per-pupil expenditures, while holding class size and other variables constant, may 

actually negatively affect student achievement. However, a potential endogeneity problem 

exists with the cross-sectional analysis as worse performing states may need to pay teachers 

more. In the panel data analysis, which helps address the endogeneity problem of the cross-

section, the average salary coefficient was statistically insignificant, negative, and very 

small, confirming the finance factors conclusions from the cross-sectional analysis. Moreover, 

in the panel data analysis, the finance factors explained almost none of the variation in 

student achievement. Overall, the conclusion about the finance factors is perhaps the 

clearest: not only did the variables explain little of the variation in student achievement 

(about 4% in the cross-sectional analysis and about 0.1% in the panel data analysis), but 

the coefficients were negative, implying that more money, holding the other variables 

constant, is associated with a decrease in student achievement. Policymakers should look 

towards education policy solutions that do not necessarily simply throw more money at 

schools. Although more money seemingly will not help student achievement, the ways in 

which current funding is spent may influence education achievement. Other studies should 

further examine the potential impacts of changing how education funding is currently spent. 

The final group of factors included in the analysis was government/policy factors. 

None of the policy variables are statistically significant in both the cross-sectional and panel 
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data analyses, and the signs on the coefficients were mixed. For example, the standards 

metric developed by Peterson and Hess was positive in the cross-sectional analysis, yet 

negative in the panel data analysis. The variable representing the NCTQ state teacher 

policy standards was negative in both cross-sectional models (1) and (2). The NCTQ 

variable was very insignificant in the panel data analysis (and was thus not included). The 

policy factors also explained little of the variation in student achievement in both the cross-

sectional and panel data models. Although the literature suggests that stronger standards 

should lead to higher student achievement, the results of this study do not support any 

conclusion on the effect of standards and accountability on student achievement. 

According to the results from this study, policymakers should focus on areas where 

the potential to influence student achievement is significant, i.e. student and family 

background characteristics, and potentially some school and teacher factors. There is not 

enough evidence in this study to suggest that stronger state-level standards for teachers or 

students is associated with increased student achievement. 

As mentioned in previous parts of this study, the union variable was excluded because 

of its insignificance. Including the variable in most cases actually decreased the amount of 

variation explained and when included with the other factors, the union variable was highly 

statistically insignificant. This result may be due to poor data as the union variable 

represented the percentage of all public workers covered by a public sector union, and in 

public education, the percentage of teachers covered by a union is significantly higher than 

for other public sector workers. Overall, though, policymakers may want to focus on 

changing union policy only if teacher unions would prevent implementing policy solutions 

that are supported by data. 
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Overall, policymakers have two main pathways through which to improve education 

achievement according to the results of this study: student and family background variables, 

and school factors such as the student-teacher ratio. These factors also explain much of the 

variation in student achievement. Although the student and family background factors 

explain the most variation in student achievement, the results suggest that improving 

student factors will not be enough to improve student achievement to the proficient level. 

Indeed, the magnitude of changes to student factors required to improve student 

achievement are so great in some cases that the improvements necessary may not be 

feasible. Policymakers must adopt a combined approach to improve education achievement 

in the United States: by focusing on both student and family background factors, and 

school and teacher factors, policymakers may be able to improve student achievement to at 

least the proficient level. The next section details specific policy solutions focusing on 

student and family factors and school factors. 
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5.1 Policy Recommendations 

 Although this study is not an economic analysis of the costs and benefits of 

improving specific factors, the data suggests that policymakers should focus on improving 

student and family background factors in addition to focusing on schools and teachers. 

Policymakers should consider parenting classes, early childhood education, and potentially 

reducing class size. 

 To improve the home situation of students, policymakers should focus on helping 

parents from low socioeconomic status backgrounds by offering free parenting classes to 

students. Parenting classes, structured in a way to reduce the social stigma associated with 

parenting classes, may help parents learn techniques to support their children in the critical 

early years of their lives. The United Kingdom has already begun implementation of 

parenting classes through a program called CANparent (Cullen et al. 2013). The market-

based solution has been successful in encouraging parents, including those from low 

socioeconomic status backgrounds, to enroll in parenting classes, and the British 

government plans to expand the program further. The website of CANparent lists several 

topic areas covered in the parenting classes: “learning through play, parents working 

together as a team, communicating and staying calm, managing sleep issues, understanding 

different stages of your child’s development process,” and more. According to further 

analysis by the British Department for Education, CANparent seems to have successfully 

overcome the stigma associated with parenting classes (Cullen et al. 2014), promoting the 

program as one for parents all types, not just bad parents. 

Parenting classes may be particularly helpful in light of recent research that 

demonstrates two-year olds from low socioeconomic status families were already behind in 
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“vocabulary and language processing efficiency” compared to peers from higher 

socioeconomic status families (Fernald, Marchman, and Weisleder 2012). Other research has 

also found that parents from low socioeconomic backgrounds simply talked to their children 

less often because they were not aware of the child development implications of talking to 

one’s baby (Rowe 2008). In the United States, programs like the Home Instruction for 

Preschool Youngsters (HIPPY) may help parents prepare their four and five year olds for 

school, so further research should be conducted to identify the best possible form of 

parenting programs (Baker, Piotrkowski, and Brooks-Gunn 1999). Parenting classes may 

help with this issue by raising awareness about simple strategies like talking to one’s infant, 

which may help close the achievement gap that already exists between low-income and high-

income students before they even enter the school system. 

 Another policy solution that may help to address the significant impact of 

socioeconomic status on student achievement is to increase the number and quality of early 

childhood programs available to low income parents. In a recent review of early childhood 

programs, Heckman and Masterov (2007) demonstrate the positive economic effects of 

investing in young children from disadvantaged backgrounds. Programs like the Perry 

Preschool Project and Head Start may significantly help students who would otherwise 

begin their K-12 education careers significantly behind. The authors argue that 

kindergarten is too late to intervene with students from low income backgrounds who enter 

school having received lower levels of cognitive stimulation and intellectual development 

compared to young students from high income backgrounds. The research further 

demonstrates the positive economic returns to both the student and society, making the 

costs of early childhood programs worthwhile. America’s state leaders should follow the 

example of governors like Andrew Cuomo of New York who recently pushed for universal 
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prekindergarten programs for New York City (Kaplan and Hernandez 2014). While 

parenting classes may help to improve the home life of students, early childhood education 

may help prepare students from low-income backgrounds to achieve more academically in 

later years. 

 Finally, policymakers should continue to explore the possibilities of reducing class 

size in addition to other school and teacher factors that may affect student achievement (i.e. 

see Appendix I for a discussion on the positive effect of charter schools). The evidence 

presented in this study suggests that lowering class size may positively influence student 

achievement, although the results were not statistically significant in the panel data 

analysis. In addition to further exploring the effects of reducing class size, policymakers 

should also consider other aspects of schools that may significantly influence student 

achievement. Specifically, although the average salary variable was statistically insignificant 

in this study, the way current funding is spent may affect achievement. Research generally 

demonstrates that in education, how money is spent is more important than the amount of 

money spent. One potential solution may be to examine how current funding schemes may 

be altered to increase teacher quality. Many school districts are piloting models of merit-

based pay and in future years, other research may show the benefits of aligning teacher pay 

with performance. 

 Education solutions must focus on improving student achievement from multiple 

fronts. Parenting classes may help mitigate the negative effects associated with low 

socioeconomic status. Early childhood education can help bridge the intellectual and 

developmental gap between infants from low-income backgrounds and those from high-

income backgrounds. Class size may be an avenue worth exploring further, although 

policymakers should consider further the effects of other aspects of schools such as teacher 
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quality. Ultimately, poverty, although a major factor in explaining student achievement, is 

not itself the causal mechanism in lower student achievement. The effects of poverty, 

however, like low-income parents talking to their child less than high-income parents, seem 

to play a significant role in student achievement. Education policy should focus not only on 

improving schools and teachers, but also on improving the home life of young students. 

Poverty, or low-income backgrounds, should not determine student achievement years later. 

Through parenting classes and early childhood education programs, along with a focus on 

improving schools and teacher quality, America may course correct, and student 

achievement may increase.  
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6 Conclusion 

 This study has explored state-level education variation through both a cross-

sectional analysis of the 2011 eighth grade mathematics NAEP scores and panel data 

analysis of eighth grade NAEP scores from 2003 – 2013. The results demonstrate that 

student and family background factors explain much of the variation in student 

achievement. School and teacher factors also play a significant role in education 

achievement, although the impact of school factors on student achievement is nowhere near 

that of student background factors. The data presented here suggest that student-teacher 

ratios may matter, although further research should examine the impact of student-teacher 

ratios in relation to other school factors like teacher quality. Finally, finance factors like 

instructional per-pupil expenditures and average teacher salary poorly explain variation in 

student achievement. This result supports the notion that how education dollars are spent is 

far more important than how much money is spent. 

In order to improve student achievement, policymakers must adopt a multipronged 

approach, focusing on both student background factors, and school and teacher factors. 

Reforms should directly address student background variables that negatively affect student 

achievement: parenting classes and early childhood education are two solutions that may 

mitigate the effects of low socioeconomic status. In addition, education reformers should 

focus on the potential benefits of reducing class size and improving teacher quality. 

Solutions dealing only with student and family background factors will not fully address the 

poor performance of jurisdictions like Washington D.C. The data also suggests that simply 

throwing more money at schools will not help, but increasing the effectiveness and efficiency 

of current education expenditures may benefit students. 
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Due to the demonstrated link between education and economic growth, improving 

the education systems of poor performing states is critical. States should engage in the 

sharing of best education practices in the spirit of collaborative learning and national unity. 

The future role of the United States of America as a leader in the world economy depends 

on strengthening the education system and empowering students to compete successfully on 

the world stage.
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Appendix A 

 This appendix provides information on the data and variables used throughout the 
study. The following outlines the contents of this Appendix: 

• Table A1: Variables Used from the NAEP Assessments (includes question wording 
and potential responses) 

• Table A2: Variables from Other Sources (includes description of the variable and the 
general source) 

• Table A3: Data Timing for Variables Obtained Outside of NAEP Dataset (presents 
information on the alignment of data with the NAEP examinations for variables 
obtained from sources other than the NAEP dataset) 

• Table A4: Data Timing for Variables from the NAEP Examinations (presents 
information on the alignment of data with the NAEP examinations for variables 
obtained from the NAEP dataset) 

• The appendix concludes with references for all of the data used in this study.
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Table A1: Variables Used from the NAEP Assessments 
Variable Question Wording: Possible Responses 

Assigned to math by 
ability 

2003: Are eighth-grade students typically assigned to 
mathematics classes by ability so that some classes are higher 
in average ability than others? (school-reported) 
 
2005 and 2007: Are eighth-grade students typically assigned to 
mathematics classes by ability and/or achievement levels (so 
that some classes are higher in average ability and/or 
achievement levels than others)? (school-reported) 
 
2009, 2011, and 2013: Are eighth-grade students typically 
assigned to mathematics classes by ability and/or achievement 
levels (so that some instruction groups are higher in average 
mathematics ability and/or achievement levels than others)? 
(school-reported) 

Yes 
No 

School Location 

Type of community where school is located, based on Census 
data describing proximity to an urbanized area (a densely 
settled core with densely settled surrounding areas) using four 
categories 

City 
Suburb 
Town 
Rural 

Charter status 
School identified as charter school (based on data from 
sampling frame and school questionnaire) 

Charter school 
Not a charter school 

Student Disability 
and/or ELL status 
(combined) 

Student classified by school as having a disability and/or being 
an English Language Learner (results from this sample cannot 
be generalized to the total population of such students) 

Student with disability (SD) 
English language learner 
(ELL) 
Both SD and ELL 
Neither SD nor ELL 

ELL Status 
Student classified by school as either English Language 
Learner or not (results from this sample cannot be generalized 
to the total population of such students) 

ELL 
Not ELL 

Race 

School-reported race/ethnicity (supplemented in some cases by 
student self-reported data) used in NAEP reports since 2002; 
in 2011, the "unclassified" category was relabeled "two or more 
races" to be consistent with OMB guidelines 

White 
Black 
Hispanic 
Asian/Pacific Islander 
American Indian/Alaska 
Native 
Two or more 
races/unclassified 

Parental Education 
Level 

Parental education: Highest level achieved by either parent 
(based on student responses to two background questions) 

Did not finish high school 
Graduated high school 
Some education after high 
school 
Graduated college 
Unknown 
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Table A1 (continued): Variables Used from the NAEP Assessments 
Variable Question Wording: Possible Responses 

Parental Education 
Level 

Parental education: Highest level achieved by either parent 
(based on student responses to two background questions) 

Did not finish high school 
Graduated high school 
Some education after high 
school 
Graduated college 
Unknown 

Mother’s Education 
Level 

How far in school did your mother go? (student-reported) 

Did not finish high school 
Graduated high school 
Some education after high 
school, Graduated college 
I don't know 

National School Lunch 
Eligibility 

Student eligibility for National School Lunch Program based 
on school records (collapsed to three categories, as included in 
NAEP reports) 

Eligible 
Not eligible 
Information not available 

Gender Gender of student as taken from school records 
Male 
Female 

Disability 
Student classified by school as having a disability (SD, IEP, or 
504 Plan) (results from this sample cannot be generalized to 
the total population of such students) 

Identified as student with 
disability 
Not identified as student with 
disability 
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Table A2: Variables from Other Sources 
Variable Description Source 

Exit Exam 
High school graduation is contingent upon 
students passing an exit exam or an end-of-
course exam 

Editorial Projects in Education Research Center 
annual state policy surveys 

Private School 
Enrollmentsi 

The percentage of students who attended a 
private school in grades K-12 

Common Core of Data State Nonfiscal Surveys 
of Public Elementary/Secondary Education 
National Center for Education Statistics, 
Private School Universe Surveys 

Student/Teacher 
Ratioii 

Ratio of students to teachers in public schools, 
grades K-12 

Common Core of Data State Nonfiscal Surveys 
of Public Elementary/Secondary Education 

Comparable Wage 
Index (CWI) 

A deflator used to adjust teacher salary and per-
pupil expenditure data for cost of living 
differences between states, across time 

Taylor, L. L., & Fowler Jr, W. J., National 
Center for Education Statistics 

Average Teacher 
Salary 

The average CWI-adjusted salary paid to 
teachers in a given school year 

Digest of Education Statistics as reported by 
the National Education Association, Estimates 
of School Statistics 

Average Starting 
Teacher Salaryiii 

The average CWI-adjusted starting salary paid 
to teachers in a given school year 

National Education Association 
American Federation of Teachers 

Per-Pupil 
Expenditures 

Total education expenditures divided by 
number of students for public elementary and 
secondary schools adjusted with CWI 

Common Core of Data, National Public 
Education Financial Survey 

Instructional Per-
Pupil Expenditures 

Education expenditures related to the 
interaction between teachers and students, 
including salaries and benefits for teachers and 
teacher aides, textbooks, supplies, 
extracurricular activities and other services 

Common Core of Data, National Public 
Education Financial Survey 

Strength of State 
Standardsiv 

A  grade given to each state determined by 
comparing percentage of students proficient on 
NAEP  to percentage of students proficient on 
state’s NCLB-mandated test; specific to 8th 
grade mathematics examinations 

Index developed by Paul E. Peterson and 
Frederick M. Hess for Education Next 

Public Sector Union 
Membershipv 

Percentage of public sector workers in each state 
who are covered by a union 

Union Membership and Coverage Database 
from the Current Population Survey, developed 
by Hirsch, B. and Macpherson, D. 

NCTQ Ratingvi 
The National Council on Teacher Quality’s 
state-level ratings of the quality of teacher 
policies 

National Council on Teacher Quality 
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Notes for Table A2 

 
i Note: the NAEP data set should generate private school enrollment figures, but the data tool did not 
provide correct information, so I constructed this variable myself from the Common Core of Data and the 
Private School Universe Survey. I divided the private school enrollment figure by the total enrollment 
(public plus private enrollment). Minor error may exist in this calculation if not all students were captured 
in the private or public count. Additionally, the calculation reflects private school enrollments in all grades 
K-12, not just the eighth grade. This calculation underreports the percentage of students attending private 
schools in eighth grade, as there is a marked decline in secondary private school enrollments. 
ii More recently, ratios have been developed for individual grade levels, but in the interests of comparing 
the effect across time, only the K-12 ratio is used. 
iii Inexplicably, this data was not available for the 2010-2011, 2008-2009, and 2006-2007 school years from 
any source. This variable was included for basic analyses, but due to inconsistent data sources and lacking 
information for three school years, it is not included in regression analyses. 
iv While Peterson and Hess provide these grades as traditional letter grades, I converted them to numerical 
scores along the standard 13-step grade point average scale (i.e. 0 for F, 3.3 for B+, 3.7 for A-, etc.). In 
addition, in a few cases, grades were not provided for the 8th grade math standards. Where possible, the 
state’s average grade on other standards was used. 
v This measurement includes all public sector workers. In the education sector, a higher percentage of 
workers tend to be covered by unions, so any effects from this variable will also be understated. 
vi Similar to the standards ratings, the NCTQ ratings were also converted to numeric scores using the 13-
step grade point average scale. 
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Timing of Variables 
 

NAEP assessments take place in January through March of a given year, and results 
are usually released in December of the same administrative year. For example, the 2013 
NAEP examination was administered to students in months January, February, and March 
of the 2012-2013 school year, and results of the examination were released in December 
2013. Because school years span two calendar years, alignment of data presents a challenge 
especially with data that is only supplied according to calendar years.
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22 Exit exam for high school students. 
23 Enrollment numbers include K-12 students for both the private and public universes. 
24 Ratio is for all students in K-12; elementary school ratio available for some years, but not for earlier years. 
25 For all finance variables, 2012-2013 is not included in the dataset because the CWI was only developed through 2011. Source information may indicate that data 
was collected from a Digest of Education Statistics which does not align with the NAEP examination year, but this is merely due to updating of data by NCES 
(updated data for previous years is released sometimes several years later). 
26 Once again, 2012-2013 is excluded because the CWI was not developed through 2013. 
27 Includes all K-12 spending. 
28 For a few states where the 8th grade math score was not available, the average of all proficiency standards was used. 
29 Includes all public sector workers; teachers are generally covered by unions at an even higher rate. 

Table A3: Data Timing for Variables Obtained Outside of NAEP Dataset 

School Year 
Associated 

NAEP 
Year 

Exit 
Exam22 

Percentage 
of students 
in private 
schools23 

Total 
Student/Teacher 

Ratio24 
CWI 

Average 
Teacher 
Salary25 

Average 
Starting 
Teacher 
Salary26 

Pupil 
Expenditures 
(Instructional 
and total)27 

State 
Standards28 

Union 
Membership 
(% Public 
Workers 

Covered by 
a union)29 

2012-2013 2013 2012-2013 -- -- -- 2012-2013 2012-2013 -- -- 2013 
2010-2011 2011 2010-2011 2011-2012 2010-2011 2011 2010-2011 -- 2010-2011 2011 2011 
2008-2009 2009 2008-2009 2009-2010 2008-2009 2009 2008-2009 -- 2008-2009 2009 2009 
2006-2007 2007 2006-2007 2007-2008 2006-2007 2007 2006-2007 -- 2006-2007 2007 2007 
2004-2005 2005 2004-2005 2005-2006 2004-2005 2005 2004-2005 2004-2005 2004-2005 2005 2005 
2002-2003 2003 2002-2003 2003-2004 2002-2003 2003 2002-2003 2002-2003 2002-2003 2003 2003 
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Table A4: Data Timing for Variables from the NAEP Examinations 

School Year 
Associated 

NAEP 
Year 

Location 
Assigned 
to Math 

by Ability 

Charter 
Status 

Student 
Disability 

and/or ELL 
Status 

(combined) 

ELL 
Status 

Race 
Parental 

Education 
Level 

National 
School 
Lunch 

Eligibility 

Gender Disability 

2012-2013 2013 2013 2013 2013 2013 2013 2013 2013 2013 2013 2013 
2010-2011 2011 2011 2011 2011 2011 2011 2011 2011 2011 2011 2011 
2008-2009 2009 2009 2009 2009 2009 2009 2009 2009 2009 2009 2009 
2006-2007 2007 2007 2007 2007 2007 2007 2007 2007 2007 2007 2007 
2004-2005 2005  2005 2005 2005 2005 2005 2005 2005 2005 2005 
2002-2003 2003  2003  2003 2003 2003 2003 2003 2003 2003 
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Source Information for Tables A3 and A4 

Exit Exam 
Data represents school year information (i.e. 2012 survey represents 2012-2013 

school year). 
Editorial Projects in Education Research Center annual state policy survey, 2002, 

2004, 2006, 2008, 2010, and 2012. 
 
Percentage of Students in Private Schools 
References for public and private school enrollments; ratio constructed by dividing 
private school figure by public school figure. 
U.S. Department of Education, National Center for Education Statistics, Common 

Core of Data (CCD), "Public Elementary/ Secondary School Universe Survey," 
SY 2011–12, Provisional Version 1a, "Local Education Agency Universe 
Survey," SY 2011–12, Provisional Version 1a, "State Nonfiscal Survey of Public 
Elementary/Secondary Education," SY 2011–12, Provisional Version 1a 

U.S. Department of Education, National Center for Education Statistics, Common 
Core of Data (CCD), "State Nonfiscal Survey of Public Elementary/Secondary 
Education," 1990-91 through 2010-11, and Projections of Education 
Statistics to 2021. 

U.S. Department of Education, National Center for Education Statistics, Private 
School Universe Survey (PSS), 2011–12. 

U.S. Department of Education, National Center for Education Statistics, Private 
School Universe Survey (PSS), 2009–10. 

U.S. Department of Education, National Center for Education Statistics, Private 
School Universe Survey (PSS), 2007–08. 

U.S. Department of Education, National Center for Education Statistics, Private 
School Universe Survey (PSS), 2005–2006. 

U.S. Department of Education, National Center for Education Statistics, Private 
School Universe Survey (PSS), 2003–2004. 

 
Student-Teacher Ratio 
U.S. Department of Education, National Center for Education Statistics, Common 

Core of Data (CCD), "State Nonfiscal Survey of Public 
Elementary/Secondary Education," 2010–11, Version 1a. 

U.S. Department of Education, National Center for Education Statistics, Common 
Core of Data (CCD), "State Nonfiscal Survey of Public 
Elementary/Secondary Education," 2008–09, Version 1a. 
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U.S. Department of Education, National Center for Education Statistics, Common 
Core of Data (CCD), "State Nonfiscal Survey of Public 
Elementary/Secondary Education," 2006–07, Version 1a. 

U.S. Department of Education, National Center for Education Statistics, Common 
Core of Data (CCD), "State Nonfiscal Survey of Public 
Elementary/Secondary Education," 2004–05, Version 1d. 

U.S. Department of Education, National Center for Education Statistics, Common 
Core of Data, "State Nonfiscal Survey of Public Elementary/Secondary 
Education," 2002–03, Version 1a. 

 

Comparable Wage Index (CWI) 
Comparable Wage Index used to adjust teacher salaries (2006 – 2011 CWI 

information from Taylor, L. L.: 
http://bush.tamu.edu/research/faculty/Taylor_CWI/): Taylor, L. L., & 
Fowler Jr, W. J. (2006). A Comparable Wage Approach to Geographic Cost 
Adjustment. Research and Development Report. NCES-2006-321. National 
Center for Education Statistics. 

 
Average Teacher Salary 
2012-2013: National Education Association, Estimates of School Statistics, 1969-70 

through 2012-13. Contained within: Digest of Education Statistics 2013. 
National Center for Education Statistics, Institute of Education Sciences, U.S. 
Department of Education. Washington, DC. 

2010-2011: National Education Association, Estimates of School Statistics, 1969-70 
through 2011-12. Contained within: Snyder, T.D., and Dillow, S.A. (2013). 
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Education. Washington, DC. 
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C.M. (2009). Digest of Education Statistics 2008 (NCES 2009-020). National 
Center for Education Statistics, Institute of Education Sciences, U.S. 
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Department of Education. Washington, DC. 
2004-2005 Data Source: National Education Association, Estimates of School 

Statistics, 1969-70 through 2006-07. Contained within: Snyder, T.D., Dillow, 
S.A., and Hoffman, C.M. (2009). Digest of Education Statistics 2008 (NCES 
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2006-2007: U.S. Department of Education, National Center for Education Statistics, 
Common Core of Data (CCD), "National Public Education Financial Survey 
(NPEFS)," fiscal year 2007, Version 1a. 
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(NPEFS)," fiscal year 2009, Version 1a. 

2010-2011: U.S. Department of Education, National Center for Education Statistics, 
Common Core of Data (CCD), "National Public Education Financial Survey 
(NPEFS)," fiscal year 2011, preliminary Version 1a 
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Appendix B 

This appendix includes information about scores the NAEP examinations. The following 
figures and tables are included: 

• Cut Score Definitions (definitions for basic, proficient, and advanced levels of 
performance on NAEP) 

• Table B1: NAEP Scores by State and Year 
• Figure B1: Rankings of States on 8th Grade Mathematics NAEP Scores, 2003-2013 (a 

bump chart displaying how rankings of states has shifted over time on the NAEP 
exam) 

• Table B2: Standard Deviations of NAEP Scores by State 
• Figure B2: National School Lunch Eligibility Trends on 8th Grade Mathematics 

NAEP 
• Figure B3: Race Trends on 8th Grade Mathematics NAEP
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Cut Score Definitions 
Basic Level (262) 

Eighth-grade students performing at the Basic level should exhibit evidence of 
conceptual and procedural understanding in the five NAEP content areas. This level of 
performance signifies an understanding of arithmetic operations—including estimation—on 
whole numbers, decimals, fractions, and percents. 

Eighth-graders performing at the Basic level should complete problems correctly 
with the help of structural prompts such as diagrams, charts, and graphs. They should be 
able to solve problems in all NAEP content areas through the appropriate selection and use 
of strategies and technological tools—including calculators, computers, and geometric 
shapes. Students at this level also should be able to use fundamental algebraic and informal 
geometric concepts in problem solving. 

As they approach the Proficient level, students at the Basic level should be able to 
determine which of the available data are necessary and sufficient for correct solutions and 
use them in problem solving. However, these eighth-graders show limited skill in 
communicating mathematically. 

 
Proficient Level (299) 

Eighth-grade students performing at the Proficient level should apply mathematical 
concepts and procedures consistently to complex problems in the five NAEP content areas. 

Eighth-graders performing at the Proficient level should be able to conjecture, 
defend their ideas, and give supporting examples. They should understand the connections 
between fractions, percents, decimals, and other mathematical topics such as algebra and 
functions. Students at this level are expected to have a thorough understanding of 
Basic level arithmetic operations—an understanding sufficient for problem solving in 
practical situations. 

Quantity and spatial relationships in problem solving and reasoning should be 
familiar to them, and they should be able to convey underlying reasoning skills beyond the 
level of arithmetic. They should be able to compare and contrast mathematical ideas and 
generate their own examples. These students should make inferences from data and graphs, 
apply properties of informal geometry, and accurately use the tools of technology. Students 
at this level should understand the process of gathering and organizing data and be able to 
calculate, evaluate, and communicate results within the domain of statistics and probability. 
 
Advanced Level (333) 

Eighth-grade students performing at the Advanced level should be able to reach 
beyond the recognition, identification, and application of mathematical rules in order to 
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generalize and synthesize concepts and principles in the five NAEP content areas. 
Eighth-graders performing at the Advanced level should be able to probe examples 

and counterexamples in order to shape generalizations from which they can develop models. 
Eighth-graders performing at the Advanced level should use number sense and geometric 
awareness to consider the reasonableness of an answer. They are expected to use abstract 
thinking to create unique problem-solving techniques and explain the reasoning processes 
underlying their conclusions. 
 
Source: http://nces.ed.gov/nationsreportcard/mathematics/achieveall.asp#grade8
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Table B1: NAEP Scores by State and Year 

State 
2003 
Score 

 2005 
Score 

 2007 
Score 

 2009 
Score 

 2011 
Score 

 2013 
Score 

 
Difference 
2013 - 2003 

District of Columbia 243.1  245.2  248.2  253.6  260.5  265.3  22.2 
Hawaii 265.7  265.6  268.8  273.8  277.8  281.4  15.7 
New Jersey 281.4  283.9  288.6  292.7  294.1  296.1  14.6 
Massachusetts 286.5  291.5  297.9  298.9  298.5  300.6  14.0 
Arkansas 265.8  271.6  273.9  276.0  279.1  277.9  12.1 
Rhode Island 272.0  272.3  275.4  277.9  282.9  284.1  12.1 
Texas 277.1  281.1  285.9  286.7  290.3  288.2  11.1 
Pennsylvania 278.5  280.7  286.2  288.3  286.1  289.6  11.1 
Mississippi 260.9  262.5  264.9  265.0  269.2  271.2  10.2 
Nevada 268.0  269.9  270.8  274.1  278.1  278.3  10.2 
Vermont 285.6  287.4  291.0  292.9  293.9  295.5  9.8 
Tennessee 268.2  270.5  274.0  274.8  274.0  277.7  9.5 
Georgia 269.7  272.2  274.8  277.6  278.5  279.2  9.5 
New Mexico 263.3  263.3  267.5  269.7  274.5  272.8  9.5 
Florida 271.4  274.0  277.4  279.3  277.8  280.9  9.5 
New Hampshire 286.2  285.3  287.6  292.3  292.1  295.7  9.5 
Maryland 277.7  277.9  285.7  288.3  288.0  286.6  8.9 
California 267.0  268.6  270.4  270.4  272.8  275.9  8.9 
Washington 281.2  285.1  284.9  288.7  288.1  290.0  8.8 
Arizona 271.2  274.3  275.5  277.3  279.0  279.7  8.5 
Ohio 281.6  283.3  284.9  285.6  288.6  289.5  7.9 
Illinois 277.2  277.7  280.5  282.4  283.2  284.9  7.7 
Alabama 261.9  262.2  266.0  268.5  269.1  269.2  7.3 
Maine 281.9  281.1  286.5  286.4  288.7  288.7  6.8 
Indiana 281.2  281.7  285.0  286.8  285.0  287.8  6.5 
Idaho 279.9  281.0  283.5  287.3  286.7  286.4  6.5 
Virginia 281.7  284.4  287.6  286.1  289.3  288.1  6.5 
Louisiana 266.3  267.8  272.4  272.4  272.8  272.8  6.4 
Kentucky 274.3  274.0  278.7  279.3  281.6  280.6  6.4 
Colorado 283.4  280.8  286.2  287.4  291.7  289.7  6.3 
Kansas 284.2  284.0  290.0  288.6  289.6  289.5  5.3 
Delaware 277.2  281.0  283.0  283.8  282.8  282.3  5.2 
Wisconsin 283.9  284.5  285.6  288.1  288.7  288.7  4.8 
Wyoming 283.5  282.1  287.0  286.1  287.8  288.1  4.6 
North Carolina 281.2  281.8  283.9  284.3  286.3  285.6  4.4 
Missouri 278.8  276.4  280.6  285.8  281.9  283.0  4.2 
Minnesota 290.7  290.1  291.9  294.4  294.9  294.6  3.9 
Michigan 276.4  277.3  276.8  278.3  280.2  280.1  3.7 
Utah 280.6  279.2  281.1  284.1  283.3  284.3  3.7 
West Virginia 270.8  269.1  270.1  270.4  273.3  274.4  3.7 
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Table B1 (continued): NAEP Scores by State and Year 

State 
2003 
Score 

 2005 
Score 

 2007 
Score 

 2009 
Score 

 2011 
Score 

 2013 
Score 

 
Difference 
2013 - 2003 

Oklahoma 271.9  271.4  274.5  275.7  279.2  275.5  3.6 
North Dakota 287.1  287.0  291.6  292.8  292.0  290.5  3.4 
Montana 285.9  286.4  287.1  291.5  292.9  289.2  3.3 
Nebraska 282.2  284.0  283.7  284.3  283.2  285.1  2.9 
Oregon 280.9  282.2  283.8  285.0  282.5  283.5  2.6 
Alaska 279.0  279.0  282.6  283.0  283.3  281.6  2.5 
South Carolina 277.3  281.2  281.5  280.4  281.0  279.8  2.5 
South Dakota 284.9  287.3  288.5  290.6  290.6  287.3  2.4 
New York 279.7  279.7  280.1  282.6  280.5  281.8  2.1 
Connecticut 283.7  281.1  282.5  288.6  287.0  285.2  1.5 
Iowa 284.0  283.8  285.2  284.2  284.9  285.1  1.1 

Color Coding: Red represents lowest numbers, and dark green represents highest numbers. 

145Roman M. G. Larson



 

Figure B1 
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National School Lunch Eligibility Trends on 8th Grade Mathematics NAEP 

 
For more: http://nationsreportcard.gov/reading_math_2013/#/student-groups 
# Rounds to zero. 
‡ Reporting standards not met. Sample size insufficient to permit a reliable estimate. 
* Significantly different (p < .05) from 2013. 
1 Accommodations not permitted. 
NOTE: Accommodations were not permitted in NAEP mathematics assessments prior to 1996, and in NAEP reading assessments prior to 
1998. Black includes African American, Hispanic includes Latino, and Pacific Islander includes Native Hawaiian. Race categories exclude 
Hispanic origin. NSLP = National School Lunch Program (i.e., eligibility for free/reduced-price school lunch). Detail may not sum to totals 
because of rounding. 
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment 
of Educational Progress (NAEP), various years, 1990–2013 Mathematics and Reading Assessments. 
 
 

Figure B2 
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Race Trends on 8th Grade Mathematics NAEP 

 
# Rounds to zero. 
‡ Reporting standards not met. Sample size insufficient to permit a reliable estimate. 
* Significantly different (p < .05) from 2013. 
1 Accommodations not permitted. 
NOTE: Accommodations were not permitted in NAEP mathematics assessments prior to 1996, and in NAEP reading assessments prior to 
1998. Black includes African American, Hispanic includes Latino, and Pacific Islander includes Native Hawaiian. Race categories exclude 
Hispanic origin. NSLP = National School Lunch Program (i.e., eligibility for free/reduced-price school lunch). Detail may not sum to totals 
because of rounding. 
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment 
of Educational Progress (NAEP), various years, 1990–2013 Mathematics and Reading Assessments. 
http://nationsreportcard.gov/reading_math_2013/#/student-groups

Figure B3 
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Appendix C 

 Although Washington D.C. performs the worst on the NAEP examination, the 
federal district is distinctly different from every other state in this analysis. First, 
Washington is one “city” (technically, a federal district) and the entire area can be classified 
as urban whereas other states feature mixes of urban, suburban, and rural. Second, 
Washington has only 632,000 residents compared to a low-population state like Montana 
which has one million people. Third, the entire district is covered by one school district, so 
comparisons to states may not be appropriate. The schools of Washington D.C. would 
should more appropriately be compared to other urban school districts like that of New 
York City. Fourth, the U.S. Congress has “exclusive jurisdiction” over the District of 
Columbia, which creates a special relationship between Washington and the federal 
government. No other states has a relationship like this with the federal government, which 
may have important implications for public education. While other states share some of 
these characteristics with Washington D.C. (Hawaii, for example is covered by one school 
district, and Wyoming has a lower population than Washington), no state has all of the 
characteristics combined that makes Washington D.C. a special jurisdiction. Finally, 
Washington is an outlier on many variables compared to most states. The following charts 
demonstrate the outlier nature of Washington on several variables. For each variable, I 
compare trend lines (best fit lines) with Washington D.C. included and Washington D.C. 
excluded. Notice how dramatically some of the trend lines shift when Washington D.C. is 
excluded. Because Washington is so dissimilar from other states, I exclude the Washington 
D.C. data from the regression analyses.
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Appendix D 

This appendix provides further information on three independent variables from the 
student and family background category used in this study: national school lunch eligibility, 
non-white & non-Asian, and father education (completed college). The figures and charts 
that follow present state-level data for each state. Further commentary about these 
variables may be found in the main text. The following are the figures and tables included: 

• Figure D1: Trends in Eligibility for the National School Lunch Program in All States
• Table D1: National School Lunch Eligibility Percentages by State and Year (spans

two pages)
• Figure D2: Trends in Minority Rates in All States
• Table D2: Non-white & Non-Asian Percentages by State and Year (spans two pages)
• Figure D3: Trends in Father Education Level in All States
• Table D3: Table D3: Percentage of Students with a Father who Completed College

by State and Year (spans two pages)
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Figure D1 
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Table D1: National School Lunch Eligibility Percentages by State and Year 

State 2003  2005  2007  2009  2011  
201
3 

 
2013 - 2003 
Difference 

Oregon 26  33  39  41  50  54  28 
Nevada 32  32  37  35  47  56  24 
Alaska 24  34  37  36  41  45  21 
Michigan 26  27  33  38  42  46  20 
District of Columbia 57  72  65  73  71  77  20 
Ohio 23  30  31  34  43  42  19 
New Mexico 51  61  59  63  64  70  19 
Wisconsin 22  27  29  31  34  40  18 
Washington 27  31  33  37  40  44  17 
Indiana 29  37  36  37  44  46  17 
North Carolina 37  39  44  44  50  54  17 
California 41  45  47  53  54  58  17 
Missouri 31  38  39  36  43  47  16 
Tennessee 37  44  45  43  53  53  16 
Georgia 43  45  47  49  56  59  16 
Massachusetts 23  29  26  29  33  38  15 
Maryland 26  28  28  31  33  41  15 
Nebraska 28  31  33  37  39  43  15 
Rhode Island 29  31  33  38  41  44  15 
Delaware 33  32  33  38  43  48  15 
Arizona 41  40  44  47  51  56  15 
Louisiana 50  56  57  62  62  65  15 
Colorado 26  31  33  35  37  40  14 
Maine 28  30  32  35  41  42  14 
New Hampshire 13  16  17  20  23  26  13 
Iowa 25  29  30  33  37  38  13 
Pennsylvania 28  30  29  33  40  41  13 
Kansas 32  37  36  42  44  45  13 
Florida 43  44  44  48  55  56  13 
Vermont 25  27  27  29  34  37  12 
Arkansas 46  47  51  53  56  58  12 
Mississippi 57  63  66  66  67  69  12 
Utah 27  31  30  27  35  38  11 
Idaho 35  36  39  36  46  46  11 
Texas 45  46  50  53  59  56  11 
Minnesota 22  27  26  27  32  32  10 
New Jersey 24  27  27  27  30  34  10 
Virginia 25  27  28  31  32  35  10 
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Table D1 (continued): National School Lunch Eligibility Percentages by State and Year 

State 
200
3 

2005 2007 2009 2011 2013 
2013 - 2003 
Difference 

West Virginia 47 48 48 52 46 57 10 
Wyoming 27 30 28 29 35 36 9 
Montana 30 31 34 34 38 39 9 
Illinois 37 38 39 39 48 46 9 
Hawaii 43 41 42 41 46 52 9 
Oklahoma 44 50 51 48 52 53 9 
South Carolina 45 47 49 51 52 54 9 
Alabama 47 50 49 50 53 56 9 
Connecticut 26 29 27 26 33 34 8 
Kentucky 42 46 46 48 52 49 7 
South Dakota 32 36 30 32 35 36 4 
North Dakota 27 28 26 29 31 30 3 
New York 44 45 48 44 51 47 3 

Color Coding: Red represents highest numbers, and dark green represents lowest numbers. 
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Table D2: Non-white & Non-Asian Percentages by State and Year 
State 2003 2005 2007 2009 2011 2013 2013 - 2003 Difference 

District of Columbia 96 95 97 96 94 93 -3 
Michigan 27 25 23 23 23 25 -2 
Hawaii 16 17 15 19 15 15 -1 
Mississippi 49 52 52 52 52 49 0 
South Carolina 42 42 42 45 42 43 1 
Alabama 37 40 38 39 39 39 2 
Ohio 20 18 22 20 24 22 2 
Tennessee 25 24 32 28 27 28 3 
Louisiana 48 47 46 46 45 52 4 
New Hampshire 3 3 5 5 5 7 4 
North Dakota 10 11 10 12 14 14 4 
West Virginia 4 5 5 6 7 8 4 
Kentucky 11 12 13 13 14 16 5 
Maine 2 3 3 4 6 7 5 
New Jersey 32 35 36 33 36 37 5 
New York 38 37 38 39 41 43 5 
Pennsylvania 18 19 21 19 27 23 5 
Vermont 2 3 4 5 6 7 5 
Arkansas 27 28 30 30 32 33 6 
Florida 47 46 50 51 52 53 6 
Idaho 13 14 17 17 19 19 6 
Virginia 33 33 34 36 37 39 6 
Wyoming 11 11 12 14 17 17 6 
Alaska 35 37 36 39 39 42 7 
Connecticut 26 29 28 26 31 33 7 
Indiana 17 18 22 22 26 24 7 
Iowa 8 10 10 12 15 15 7 
Minnesota 11 14 13 14 17 18 7 
Missouri 17 21 22 18 20 24 7 
Montana 12 12 14 14 15 19 7 
North Carolina 38 38 41 42 42 45 7 
Arizona 48 48 51 53 53 56 8 
Georgia 44 45 52 50 50 52 8 
New Mexico 65 65 67 70 72 73 8 
South Dakota 10 13 13 15 17 18 8 
Wisconsin 13 18 17 18 19 21 8 
Illinois 35 35 35 38 44 44 9 
Kansas 19 21 21 26 27 28 9 
Massachusetts 18 18 19 20 23 27 9 
Oklahoma 35 36 39 40 43 44 9 
Utah 11 13 15 16 18 20 9 
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Table D2 (continued): Non-white & Non-Asian Percentages by State and Year 

State 2003  2005  2007  2009  2011  2013  2013 - 2003 Difference 
Delaware 37  40  40  43  44  47  10 
Texas 54  54  59  60  65  64  10 
California 50  55  57  59  61  61  11 
Rhode Island 20  23  27  27  29  31  11 
Colorado 27  33  33  35  37  39  12 
Maryland 37  45  44  45  48  49  12 
Nebraska 14  15  19  21  25  27  13 
Oregon 16  19  21  22  29  31  15 
Washington 17  16  21  24  28  33  16 
Nevada 35  40  45  46  52  55  20 

Color Coding: Red represents smallest numbers, and dark green represents highest numbers. 
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Table D3: Percentage of Students with a Father who Completed College by State and Year 
State 2003  2005  2007  2009  2011  2013  2013 - 2003 Difference 
Nevada 28  25  24  24  23  23  -5 
Colorado 42  38  38  37  42  40  -2 
Hawaii 30  27  27  28  29  28  -2 
New Mexico 25  25  23  22  24  23  -2 
New York 39  37  34  37  35  38  -1 
Oklahoma 29  30  27  26  27  28  -1 
Utah 46  45  44  46  45  45  -1 
California 29  27  27  24  26  29  0 
Louisiana 23  22  23  22  21  23  0 
Maryland 39  37  39  41  43  39  0 
Mississippi 29  28  28  28  30  29  0 
North Carolina 30  29  30  31  34  30  0 
Oregon 34  33  35  33  32  34  0 
South Carolina 32  30  30  29  32  32  0 
Tennessee 27  26  27  27  27  27  0 
Arizona 27  28  28  27  27  28  1 
Arkansas 25  24  23  24  26  26  1 
Delaware 31  29  28  29  30  32  1 
Florida 30  31  30  30  30  31  1 
Georgia 32  32  32  30  33  33  1 
Montana 36  37  36  37  38  37  1 
Nebraska 37  37  39  38  37  38  1 
Texas 29  28  29  28  27  30  1 
Vermont 39  37  38  37  38  40  1 
Alabama 28  27  29  29  30  30  2 
Idaho 37  36  34  37  37  39  2 
Illinois 35  33  33  36  34  37  2 
Indiana 29  27  28  31  30  31  2 
Kentucky 25  24  22  24  26  27  2 
New Hampshire 41  40  43  41  42  43  2 
West Virginia 23  22  21  21  25  25  2 
District of Columbia 23  20  21  22  25  26  3 
Massachusetts 42  45  46  43  44  45  3 
Missouri 29  28  30  33  31  32  3 
North Dakota 41  43  43  45  45  44  3 
Rhode Island 34  34  34  35  35  37  3 
Washington 35  36  34  37  37  38  3 
Wyoming 33  32  33  33  32  36  3 
Connecticut 39  40  42  43  42  43  4 
Iowa 35  36  36  35  37  39  4 
Kansas 34  33  36  35  37  38  4 
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Table D3 (continued): Percentage of Students with a Father who Completed College by State and Year 
State 2003 2005 2007 2009 2011 2013 2013 - 2003 Difference 
Maine 36 34 35 38 37 40 4 
Connecticut 39 40 42 43 42 43 4 
New Jersey 42 41 42 43 44 46 4 
Ohio 29 32 33 32 33 34 5 
Wisconsin 33 33 35 36 39 38 5 
Virginia 36 38 37 37 41 41 5 
Minnesota 42 41 43 45 45 47 5 
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Appendix E 

 This appendix contains a table associated with the 2011 cross-sectional analysis. The 
cross-sectional analysis identified two models that explained the most variation in NAEP 
scores. Model (5) from Table 14 was broke down in the main text (see Table 15), and in this 
Appendix, model (8) is broken down in similar fashion. Overall, the adjusted R-squared 
values are, as expected, the same as in the breakdown of model (5), so the results are 
consistent between both models with the most explanatory power. 
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Table E1: Breakdown of Second Model with Most Explanatory Power from Cross-Sectional Analysis 
(1) (2) (3) (4) (5) (6) (7) (8) 

NAEP NAEP NAEP NAEP NAEP NAEP NAEP NAEP 
Student and Family Background 
NSL Not Eligible 0.417*** 0.324** 0.305** 0.396*** 0.324** 

(0.129) (0.135) (0.134) (0.131) (0.135) 
Father Education 0.343** 0.406** 0.375** 0.343** 0.406** 

(0.157) (0.172) (0.170) (0.160) (0.172) 
Non-white & Non-Asian -0.0955 -0.00666 -0.0742 -0.0859 -0.00666 

(0.0630) (0.0606) (0.0683) (0.0640) (0.0606) 
Disability 0.428 0.380 0.0502 0.469 0.380 

(0.315) (0.265) (0.292) (0.321) (0.265) 
Male -2.652** -1.759 -2.263 -2.728** -1.759 

(1.287) (1.397) (1.389) (1.313) (1.397) 
ELL 0.426 0.239 0.341 0.413 0.239 

(0.270) (0.252) (0.293) (0.276) (0.252) 
Schools and Teachers 
Assigned Math 0.0663 0.0687 0.0781 0.281*** 

(0.0613) (0.0663) (0.0621) (0.0891) 
City 0.189** 0.126 0.181** 0.0489 

(0.0842) (0.0886) (0.0859) (0.116) 
Charter 0.486 0.452 0.382 0.396 

(0.295) (0.312) (0.294) (0.422) 
Exit 2.270 1.604 1.824 -1.675 

(1.390) (1.483) (1.390) (1.861) 
ST Ratio -1.579**** -0.855** -1.433**** -1.155*** 

(0.392) (0.333) (0.389) (0.422) 
Finances 
Instructional PPE -0.00175** -0.00166** 0.00234**** 

(0.000659) (0.000670) (0.000279) 
Government/Policy 
NCTQ -1.506 0.0515 

(0.952) (0.842) 

Constant 407.6**** 336.5**** 372.7**** 406.5**** 336.5**** 278.8**** 265.9**** 283.7**** 
(66.68) (70.91) (71.33) (68.09) (70.91) (7.462) (1.822) (1.362) 

Observations 48 49 48 48 49 48 250 150 
R-squared 0.787 0.679 0.731 0.771 0.679 0.283 0.221 0.000 
Adj. R-squared 0.706 0.633 0.649 0.693 0.633 0.197 0.218 -0.00673 

Standard errors in parentheses 
**** p<0.001, *** p<0.01, ** p<0.05, * p<0.1 
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Appendix F 

The cross-sectional model relied on a particular order of adding variables to explain 
variation in student achievement. In this Appendix, I present alternative orders to building 
the model. This process underscores the idea that students and family background explain 
the most variation in student achievement regardless of when those variables are added to 
the model. In Table F1, I start with first regressing the school and teacher factors onto the 
NAEP scores. This produces an adjusted R-squared value of about 20%. Next, I add the 
student and family background factors, which increases the adjusted R-squared by 45.2% to 
0.649. Then, I add the finance factor, which increases the R-squared by 4.4% to 69.3%. 
Finally, adding the standards variables increases the adjusted R-squared by only 1.3% to 
70.6%. The ordering the model in this way suggests the following: 

• School and teacher factors explain about 20% of the variation in NAEP scores. 
• Student and family background factors explain an additional 45.2% of the variation. 
• Finance factors explain an additional 4.4% of the variation. 
• Government/policy factors explain an additional 1.3% of the variation. 

Table F2 presents yet another potential ordering of the model, building backwards from the 
model specified in the text. The building of the model in this way suggests the following: 

• Government/policy factors explain about 2.5% of the variation in NAEP scores. 
• Finance factors explains an additional 10.4% of the variation. 
• School and teacher factors explain an additional 6.3% of the variation. 
• Student and family background factors explain an additional 52.2% of the variation. 

As stated in the main text, three conclusions can be drawn from the various ways to build 
the models. First, student and family background factors explain the most variation, 
relative to any other category. Second, the school and teacher factors, and the finance 
factors both explain some variation, but the results do not clarify which category explains 
more variation in NAEP scores. Nevertheless, finance factors seem to explain slightly more 
of the variation relative to other categories (i.e. in addition to government/policy factors or 
student and family background factors). Finally, the government/policy factors consistently 
explain the least variation of all the categories, even when considered relative to other 
categories (i.e. additional variation explained on top of the variation explained by another 
category). Further research should closely examine the relative importance of school and 
teacher factors relative to finance factors (although there is significant overlap between these 
two categories). 
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Table F1 
(2) (3) (4) (1) 

NAEP NAEP NAEP NAEP 
Student and Family Background 
NSL Not Eligible 0.305** 0.396*** 0.393*** 

(0.134) (0.131) (0.131) 
Father Education 0.375** 0.343** 0.372** 

(0.170) (0.160) (0.159) 
Non-white & non-Asian -0.0742 -0.0859 -0.0797 

(0.0683) (0.0640) (0.0649) 
Disability 0.0502 0.469 0.430 

(0.292) (0.321) (0.315) 
Male -2.263 -2.728** -2.793** 

(1.389) (1.313) (1.294) 
ELL 0.341 0.413 0.352 

(0.293) (0.276) (0.280) 
Schools and Teachers 
Math Tracking 0.281*** 0.0687 0.0781 0.0674 

(0.0891) (0.0663) (0.0621) (0.0612) 
City 0.0489 0.126 0.181** 0.192** 

(0.116) (0.0886) (0.0859) (0.0842) 
Charter 0.396 0.452 0.382 0.392 

(0.422) (0.312) (0.294) (0.309) 
Exit -1.675 1.604 1.824 1.832 

(1.861) (1.483) (1.390) (1.456) 
ST Ratio -1.155*** -0.855** -1.433**** -1.582**** 

(0.422) (0.333) (0.389) (0.392) 
Finances 
Instructional PPE -0.00166** -0.00181*** 

(0.000670) (0.000661) 
Government/Policy 
Standards 0.679 

(0.672) 
NCTQ -1.595 

(0.956) 

Constant 278.8**** 372.7**** 406.5**** 414.4**** 
(7.462) (71.33) (68.09) (67.00) 

Observations 48 48 48 48 
R-squared 0.283 0.731 0.771 0.794 
Adj. R-squared 0.197 0.649 0.693 0.706 

Standard errors in parentheses 
**** p<0.001, *** p<0.01, ** p<0.05, * p<0.1 
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 Table F2 
 (1) (2) (3) (4) 
 NAEP NAEP NAEP NAEP 
Student and Family Background   
NSL Not Eligible    0.393*** 
    (0.131) 
Father Education    0.372** 
    (0.159) 
Non-white & non-Asian    -0.0797 
    (0.0649) 
Disability    0.430 
    (0.315) 
Male    -2.793** 
    (1.294) 
ELL    0.352 
    (0.280) 
Schools and Teachers    
Math Tracking   0.254*** 0.0674 
   (0.0934) (0.0612) 
City   0.0238 0.192** 
   (0.119) (0.0842) 
Charter   0.261 0.392 
   (0.441) (0.309) 
Exit   -1.689 1.832 
   (1.926) (1.456) 
ST Ratio   -0.945 -1.582**** 
   (0.599) (0.392) 
Finances     
Instructional PPE  0.00137** 0.000347 -0.00181*** 
  (0.000536) (0.000848) (0.000661) 
Government/Policy     
Standards 1.772* 1.338 1.314 0.679 
 (0.986) (0.947) (0.994) (0.672) 
NCTQ -0.282 -0.219 -0.133 -1.595 
 (1.572) (1.487) (1.550) (0.956) 
     
Constant 280.9**** 271.9**** 273.8**** 414.4**** 
 (3.000) (4.502) (12.99) (67.00) 
     
Observations 50 50 48 48 
R-squared 0.064 0.182 0.325 0.794 
Adj. R-squared 0.0245 0.128 0.186 0.706 

Standard errors in parentheses 
**** p<0.001, *** p<0.01, ** p<0.05, * p<0.1 
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Appendix G 

Table G1: Within and Between Variation for Each Variable 

Variable Variation Type Mean 
Standard 
Deviation 

Min Max Observations 

Score 
overall 

281.3864 
7.655966 260.9119 300.5682 N =     300 

between 7.047847 265.6096 295.6488 n =      50 
within 3.126068 272.2584 290.6098 T =       6 

Father 
Education 

overall 
33.4966 

6.230361 21 47 N =     294 
between 6.118193 22.33333 45.16667 n =      49 
within 1.422635 30.32993 36.9966 T =       6 

Non-white & 
non-Asian 

overall 
29.15 

15.97639 2 73 N =     300 
between 15.82165 4.166667 68.66667 n =      50 
within 3.017692 18.65 38.98333 T =       6 

Disability 
overall 

11.14333 
2.617689 4 18 N =     300 

between 2.210829 6.833333 16.83333 n =      50 
within 1.430477 6.476667 16.31 T =       6 

Gender (male) 
overall 

50.7 
0.927109 48 54 N =     300 

between 0.48795 49.33333 51.83333 n =      50 
within 0.790834 48.2 52.86667 T =       6 

ELL 
overall 

3.95 
3.644875 0 21 N =     300 

between 3.42249 0.5 18 n =      50 
within 1.329496 -2.55 10.45 T =       6 

Math tracking 
overall 

74.69 
11.73455 39 97 N =     300 

between 10.54292 53.66667 92.16667 n =      50 
within 5.329657 58.02333 88.69 T =       6 

City 
overall 

23.61458 
9.029179 5 47 N =     192 

between 8.926854 6.75 44 n =      48 
within 1.757557 18.36458 29.86458 T =       4 

Charter 
overall 

1.824 
2.158625 0 9 N =     250 

between 1.893766 0 6.8 n =      50 
within 1.063449 -1.176 6.024 T =       5 

Private school 
overall 

0.08815 
0.035109 0.019485 0.181562 N =     250 

between 0.034109 0.021976 0.164472 n =      50 
within 0.009378 0.054204 0.182446 T =       5 

Student-
teacher ratio 

overall 
15.3093 

2.529626 10.54597 24.1159 N =     250 
between 2.455822 11.16977 22.60236 n =      50 
within 0.681785 12.68514 18.70527 T =       5 

(table continued on next page) 
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Table G1 (continued): Within and Between Variation for Each Variable 

Variable Variation Type Mean 
Standard 
Deviation 

Min Max Observations 

Average salary 
overall 

51287.33 
5800.265 39506.99 70087.17 N =     250 

between 4037.711 42295.37 59775.75 n =      50 
within 4195.456 40929.51 61693.52 T =       5 

Total PPE 
overall 

10327.14 
2446.018 5234.21 17837.06 N =     250 

between 2060.261 6254.296 15513.79 n =      50 
within 1344.066 6531.789 14001.51 T =       5 

Instructional 
PPE 

overall 
6353.224 

1548.344 3357.121 11670.63 N =     250 
between 1363.396 4054.858 9868.424 n =      50 
within 753.9107 4029.54 8358.288 T =       5 

Standards 
(Peterson & 
Hess) 

overall 
1.871308 

1.010129 0 4 N =     237 
between 0.825775 0.35 3.86 n =      50 
within 0.597066 -0.06869 4.511308 T =    4.74 

NCTQ 
overall 

1.464 
0.690616 0 3.3 N =     150 

between 0.504934 0.466667 2.766667 n =      50 
within 0.474778 0.230667 3.230667 T =       3 

Union 
overall 

37.399 
17.7785 6.2 75.3 N =     300 

between 17.67952 12.61667 72.81667 n =      50 
within 2.955747 22.91567 47.41567 T =       6 
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Appendix H 

Breaking down model (11) from Table 21 in the text leads to very similar conclusions 

as the model (8) breakdown presented in the same section. When state and year fixed 

effects are partialed out, the student and family background factors explain about 9.8% of 

the variation in NAEP scores (using the regular R-squared value once again). Adding the 

school and teacher factor increases the R-squared value by 8.7% to 18.5%. Then, adding the 

finance variables increases the R-squared value by 0.9% to 19.4%. Finally, including the 

standards variable helps little, as the R-squared value increases by only 0.2% to 19.6%. 

These results mirror those presented earlier in the text, emphasizing the relative importance 

of students and family background, then schools and teachers. Like model (8), the 

breakdown of model (11) demonstrates the relative weak explanatory power of the finance, 

and in this case, the standards variables. Similarly, looking at the within variation 

demonstrates that student and family background initially explains about 75% of the 

variation; the student-teacher ratio explains an additional 3.4% of the variation; the finance 

factor explains an additional 0.001% of the variation; and the standards variable explains an 

additional .009% of the variation. The within variation analysis further underscores the 

relative importance of student and family background, and schools and teachers compared 

to the finance and government/policy variables.
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Table F1: Breakdown of Second Model with Most Explanatory Power from Panel Data Analysis 
(2) (3) (4) (5) (6) (1) 

NAEP NAEP NAEP NAEP NAEP NAEP 
Student and Family Background 
NSL Not Eligible 0.0832 0.174*** 0.173*** 0.161** 

(0.0652) (0.0588) (0.0595) (0.0630) 
Father Education 0.121 0.160* 0.153* 0.164* 

(0.0959) (0.0897) (0.0849) (0.0900) 
Disability -0.357**** -0.354**** -0.353**** -0.358**** 

(0.0906) (0.0905) (0.0893) (0.0956) 
Schools and Teachers 
ST Ratio -0.220 -0.215* -0.236* -0.197 

(0.133) (0.115) (0.121) (0.124) 
Finance 
Average Salary -0.000103 -9.06e-05 -0.000109 

(7.11e-05) (7.81e-05) (7.80e-05) 
Government/Policy 
Standards -0.136 

(0.261) 

Constant 280.8**** 282.1**** 272.5**** 268.9**** 273.6**** 274.3**** 
(2.094) (3.327) (5.674) (5.218) (6.986) (7.563) 

Observations 250 250 294 245 245 232 
Number of Clusters 50 50 49 49 49 49 
State Fixed Effects YES YES YES YES YES YES 
Year Fixed Effects YES YES YES YES YES YES 

Within Variation 
R-squared 0.741 0.741 0.752 0.786 0.789 0.798 
Adj. R-squared 0.735 0.736 0.745 0.779 0.780 0.789 
State and Year Fixed Effects Partialed Out 
R-squared 0.009 0.011 0.098 0.185 0.194 0.196 
Adj. R-squared -0.271 -0.268 -0.119 -0.0615 -0.0566 -0.0788 
Overall Variation 
R-squared 0.962 0.962 0.969 0.969 0.969 0.970 
Adj. R-squared 0.951 0.951 0.959 0.959 0.960 0.959 

Robust standard errors in parentheses 
**** p<0.001, *** p<0.01, ** p<0.05, * p<0.1 
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Appendix I 

 This appendix explores the charter school variable, which was excluded from the 
main panel data analysis due to the fact that charter school information was not available 
for earlier years (2003 and 2005), and all data is dropped from 2003 and 2005 when the 
charter school variable is included in the models. 
 Running the panel data model with the most explanatory power (model (8) from 
Table 21) with the charter school variable indicates that charter schools may have a positive 
impact on student achievement, holding other variables constant. In model (5) in Table F1, 
the coefficient of 0.351 on the charter school variable indicates that a one percentage point 
increase in the percentage of charter schools in a state is associated with a 0.351 increase in 
NAEP scores. In other words, a one percentage point increase in charter schools is 
associated with a 2.85 increase in NAEP scores. The coefficient is highly statistically 
significant (p<.01). Other coefficients are similar to the model presented in the main text, 
although the father education variable is statistically significant in this specification as 
compared to model (8) in Table 21. The charter school result may have important policy 
implications, especially when considering the recent debates about school choice. 

These results suggest that charter schools may have a significant positive effect on 
student achievement. The variation of the model with charter schools may be explained as 
follows (using the R-squared value when state and year fixed effects are partialed out): 

• Student and family background factors explain 11.1% of the variation in NAEP 
scores. 

• Schools and teachers (including the charter school variable) explain an additional 
15.4% of the variation in NAEP scores. This is nearly double the explanatory power 
of the school and teacher factors in the model presented in the main text (variation 
explained increased by only 7.7% in that model). Caution should be exercised in 
comparing the two models, however, as the model in the main text includes two 
more years of observations than the model presented in this appendix. 

• The finance factor explains an additional (relative to the previous two categories) 
0.02% of the variation. 

One other interesting note is that the private school variable becomes positive when 
controlling for charter schools. In all previous models, the private school variable was 
negative. The results in this appendix suggest that private schools, although the result 
was statistically insignificant, may help increase student achievement, holding all else 
constant. 

Overall, charter schools seem to have a positive effect on student achievement, and 
the variable may have a large amount of explanatory power, relative to the other 
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variables. The positive effect of charter schools aligns with more recent research which 
has also found that charter schools may perform slightly better than traditional public 
schools. Further research is necessary to determine the significance of charter schools 
relative to other school factors, so policymakers may choose the most effective 
mechanism for increasing student achievement (i.e. deciding between reducing class size, 
and increasing school choice). 
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Table H1: Charter School Panel Data Analysis 
(1) (2) (3) (4) (5) 

NAEP NAEP NAEP NAEP NAEP 
Student and Family Background 
NSL Not Eligible 0.0686 0.136** 0.137** 

(0.0662) (0.0634) (0.0631) 
Father Education 0.0807 0.210** 0.206** 

(0.103) (0.0891) (0.0892) 
Non-white & Non-Asian -0.105 -0.119 -0.118 

(0.103) (0.0863) (0.0857) 
Disability -0.379**** -0.385**** -0.379**** 

(0.0901) (0.0962) (0.0965) 
Male 0.0234 0.0365 0.0344 

(0.133) (0.144) (0.146) 
Schools and Teachers 
Private School 3.331 1.055 1.498 

(9.892) (7.123) (7.282) 
ST Ratio -0.222 -0.219* -0.225* 

(0.150) (0.114) (0.117) 
Charter 0.317** 0.358*** 0.351*** 

(0.135) (0.113) (0.115) 
Finance 
Average Salary -0.000103 -3.94e-05 

(7.11e-05) (6.84e-05) 
Constant 281.2**** 282.1**** 276.5**** 271.7**** 280.3**** 

(2.498) (3.327) (10.60) (8.208) (9.544) 

Observations 200 250 294 196 196 
Number of Clusters 50 50 49 49 49 
State Fixed Effects YES YES YES YES YES 
Year Fixed Effects YES YES YES YES YES 

Within Variation 
R-squared 0.715 0.741 0.756 0.780 0.781 
Adj. R-squared 0.706 0.736 0.747 0.767 0.766 
State and Year Fixed Effects Partialed Out 
R-squared 0.044 0.011 0.111 0.265 0.267 
Adj. R-squared -0.328 -0.268 -0.113 -0.0588 -0.0642 
Overall Variation 
R-squared 0.968 0.962 0.960 0.976 0.976 
Adj. R-squared 0.956 0.951 0.950 0.965 0.965 

Robust standard errors in parentheses 
**** p<0.001, *** p<0.01, ** p<0.05, * p<0.1 
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