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Gender Achievement Gaps

2016 school years. We find that the average U.S. school district has no gender
achievement gap in math, but there is a gap of roughly 0.23 standard devi-
ations in ELA that favors girls. Both math and ELA gaps vary among school
districts; some districts have more male-favoring gaps and some more
Jemale-favoring gaps. Math gaps tend to favor males more in socioeconom-
ically advantaged school districts and in districts with larger gender dispar-
ities in adull income, education, and occupations; however, we do not find
strong associations in ELA.

Keyworps: accountability testing, English language arts, gender achieve-
ment gaps, math, socioeconomic status

Introduction

In recent years, national studies of gender disparities in educational
achievement show that, on average, male and female students score similarly
on math tests but that female students outperform male students on reading
or English language arts (ELA) tests in the United States (Chatterji, 2000;
Cimpian, Lubienski, Timmer, Makowski, & Miller, 2016; Fryer & Levitt,
2010; Husain & Millimet, 2009; Lee, Moon, & Hegar, 2011; Penner & Paret,
2008; Robinson & Lubienski, 2011; Sohn, 2012). Notably, these average gen-
der achievement gaps vary among states (Hyde, Lindberg, Linn, Ellis, &
Williams, 2008; Pope & Sydnor, 2010). But there is little systematic research
on variation in the gaps at a smaller geographic scale. Recent studies on the
relationship between socioeconomic status (SES) and gender achievement
provide evidence that suggests gender achievement gaps may differ substan-
tially among local communities. In particular, they indicate that community
and family socioeconomic contexts differentially affect male and female aca-
demic achievement and educational attainment (Autor, Figlio, Karbownik,
Roth, & Wasserman, 2016, 2017; Buchmann & Diprete, 2006; Chetty,
Hendren, Lin, Majerovitz, & Scuderi, 2016; Diprete & Buchmann, 2013;
Legewie & Diprete, 2012, 2014). Thus, the large variability in local socioeco-
nomic contexts within the United States may produce variation in gender
achievement gaps when measured locally.

In this article, we provide a high-resolution description of the patterns of
gender differences in academic performance across the United States, using
scores on roughly 290 million standardized tests taken by public school stu-
dents. We estimate the mean math and ELA test scores for male and female
students for each of nearly 10,000 U.S. school districts in Grades 3 through 8
from the 2008-2009 to 2015-2016 school years. These data enable us to esti-
mate male-female test scores gaps, as well as changes in the gaps over
grades and cohorts within districts, providing a description of gender differ-
ences in academic performance at an unprecedented level of detail. We then
investigate the associations between district-level gender math and ELA
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achievement gaps and (1) local socioeconomic conditions and (2) local gen-
der disparities in adult income, educational attainment, and occupation.

Similar to the national studies, we find the average school district has no
gender achievement gap in math; the average district’s ELA gap is roughly
—0.23 standard deviations (about three quarters of a grade level) in favor
of females. However, we find significant variation in both math and ELA gen-
der achievement gaps among school districts. District-level math and ELA
gender gaps are positively correlated—districts in which females’ average
math scores are higher than males’ average math scores tend to also be dis-
tricts where females” average ELA scores are much higher than males’ aver-
age ELA scores, and vice versa. Furthermore, we find that math gaps tend
to favor males more in socioeconomically advantaged school districts and
in districts with larger gender disparities in individual income, education,
and occupational characteristics. These two variables explain about one
fifth of the variation in the math gaps. In contrast, the associations between
these variables and the ELA gender gap are small and inconsistent across
models; average SES and socioeconomic disparity variables explain virtu-
ally none of the geographic variation in ELA gaps. Given the correlational
nature of our analyses, the patterns we describe should not be interpreted
as evidence of causal relationships. Rather, they elucidate population-level
patterns, which may allow scholars to generate new hypotheses about the
influences of gender disparities in education and spark lines of inquiry for
future work.

Background

Substantial prior literature explores gender achievement gaps in math
and reading during elementary and middle school. In math, national studies
using the Early Childhood Longitudinal Study-Kindergarten (ECLS-K) data
find mixed evidence as to whether a significant average math achievement
gap in favor of males emerges by the end of kindergarten. However, these
studies consistently find a significant male-favoring gap by the end of third
grade that remains or grows through fifth grade to approximately 0.15 to
0.20 standard deviations (Cimpian et al., 2016; Fryer & Levitt, 2010; Husain
& Millimet, 2009; Lee et al., 2011; Penner & Paret, 2008; Robinson &
Lubienski, 2011; Sohn, 2012). From fifth through eighth grade, the trend is
reversed and the male-favoring math gap narrows (Robinson & Lubienski,
2011). A 2010 meta-analysis of data from nationally representative studies
of math performance in middle and high school further concluded that
male and female math scores did not differ significantly on average
(Lindberg, Hyde, Petersen, & Linn, 2010).

ELA gaps, in contrast, favor females by approximately 0.15 to 0.20 standard
deviations in kindergarten in the ECLS-K data (Chatterji, 2000; Fryer & Levitt,
2010; Husain & Millimet, 2009; Robinson & Lubienski, 2011). The ELA gap
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narrows modestly (becomes less female favoring) through fifth grade but
widens again by eighth grade (Robinson & Lubienski, 2011). In both subjects,
these gaps have changed little in recent decades (Fahle & Reardon, 2018).

These national findings, however, mask significant variation in gender
achievement gaps among states. Using achievement test data collected
from 10 states, Hyde et al. (2008) report state-level gender gaps in perfor-
mance on 2nd through 11th grade math assessments. Their results show
that the male-female math gaps vary among states and grades but are gener-
ally near zero (they range from —0.13 to 0.10 standard deviations). Using the
National Assessment of Educational Progress (NAEP) data, Pope and Sydnor
(2010) investigate the ratios of male to female students scoring above the
95th percentile in math and reading in eighth grade, pooling data from
the 2000, 2003, and 2005 assessments. Their results align with national stud-
ies, showing that math gaps generally favor males and reading gaps favor
females. They also find considerable variation in these upper tail ratios in
both subjects. In math, they vary from 0.81 in Hawaii (indicating that 45%
of high-scoring students were male; 55% were female) to 2.07 in Kentucky
(67% of high-scoring students were male; 33% were female). In reading,
the upper tail male-female ratio varies from 0.57 in Massachusetts (indicating
that 36% of high-scoring students were male; 64% were female) to 0.22 in
Utah (18% of high-scoring students were male; 82% were female). Pope
and Sydnor further note that the male-female ratio in math is strongly nega-
tively correlated with the male-female ratio in reading. In states where males
are overrepresented among high-achieving students in math, females tend to
be overrepresented among high-achieving students in reading.'

This evidence of variation raises the question “Why might gender
achievement gaps differ across geographic contexts?” Prior research—
discussed below—suggests that both the gender stereotypes and the avail-
ability of socioeconomic resources within a community shape gender dispar-
ities in academic interests and achievement among children. Insofar as these
factors vary across local contexts, we might expect the gender achievement
gaps to also vary locally.

Gender Stereotypes

Gender stereotypes encapsulate conventional beliefs about the house-
hold roles, expected behavior, and academic talents of males and females.
Traditional conservative gender stereotypes in the United States® generally
maintain that men should be the primary breadwinners, while women
should be the primary homemakers; that males are assertive, while females
are demure; and that males are talented in math and science, while females
are talented in languages. When widely accepted in a community, such ster-
eotypes may affect male and female students’ personal beliefs, interests, or
actions. There is evidence that children become aware of these gender
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stereotypes as early as second grade (Cvencek, Meltzoff, & Greenwald, 2011;
Gunderson, Ramirez, Levine, & Beilock, 2012) and that their educational
opportunities can be impeded by negative stereotypes.

In particular, stereotypes may contribute to shaping students’ beliefs
about their academic capability (Eccles, Jacobs, & Harold, 1990; Eccles,
Wigfield, Harold, & Blumenfeld, 1993; Jacobs, Lanza, Osgood, Eccles, &
Wigfield, 2002), their interest in different subjects (Cech, 2013; Charles
& Bradley, 2009), and their academic performance (Ambady, Shih, Kim, &
Pittinsky, 2001; Spencer, Steele, & Quinn, 1999; Tomasetto, Alparone, &
Cadinu, 2011). Female students may experience stereotype threat in math,
resulting in lower test scores that reinforce the negative stereotype (Ambady
et al.,, 2001; Tomasetto et al., 2011). Stereotypes may also be reinforced by
parents’ or teachers’ differential encouragement of male and female children
to pursue subject-specific activities (Eccles et al., 1990; Upadyaya & Eccles,
2015; Witt, 1997). But, interestingly, parents’ rejection of these stereotypes
can also moderate their negative effects: Tomasetto et al. (2011) show that
the performance of female students whose mothers rejected the “male-
math” stereotype did not decrease under stereotype threat.

Therefore, the extent to which community attitudes endorse these gender
stereotypes may produce variation in gender performance across contexts.
There is some evidence that gender stereotypes or norms differ regionally
or among states in the United States, but there is no large-scale research on
the extent to which they vary among local communities (Carter & Borch,
2005; Kagesten et al., 2010). At the state level, Pope and Sydnor (2010) exam-
ine the associations between stereotypical gender achievement disparities
among high-performing students (what they term the gender gap stereotype
index) and adults’ and children’s gender stereotypes. They show that adults’
stereotypes about gender roles, as measured by the General Social Survey,
explain up to 40% of the regional variation in the gender disparities among
high-performing students—census divisions with more traditional stereotypes
about gender roles had larger, more stereotypical achievement gaps. They fur-
ther replicate these findings using student survey questions on NAEP, finding
a positive association between students’ self-reported agreement with the
statement “math is for boys” and the gender gap stereotype index.

Parental Resources

Some research suggests that parental SES and education may influence
the development of gender differences in performance among children
through parental spending. Although there is not strong evidence that
parents spend more money on male or female children (Hao & Yeung,
2015), there is evidence that parents invest their resources (time and money)
in their children in gendered ways (Raley & Bianchi, 2006). For example,
parents engage in more reading, storytelling, and verbal activities with their
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female children as early as 9 months of age (Baker & Milligan, 2016) but
believe that their sons are more talented in science and math (Raley &
Bianchi, 2000). These gendered patterns of investment may arise from
parents’ own gender stereotypes or because broader social norms lead chil-
dren to develop gendered interests, which parents then respond to and rein-
force. Either way, parents’ investment in and support of gendered activities
may create or reinforce children’s gender-stereotypical interests, identities,
or skills.>*

However, the variability of parental resources and of spending on chil-
dren may lead to variability in the extent to which gender stereotypes are
reinforced. Affluent, highly educated parents spend more money and
more time with their children than their peers (Dotti Sani & Treas, 2016;
Duncan & Murnane, 2011; Guryan, Hurst, & Kearney, 2008; Hao & Yeung,
2015; Kornrich, 2016; Ramey & Ramey, 2010). Therefore, if investments
are gendered and thus exacerbate children’s gendered interests/skills, then
greater investments of rich families may lead to greater gender differences
in children’s interests/skills. As a result, gender achievement gaps may be
larger and more stereotypically patterned in higher SES communities.

Empirical evidence to some extent supports this hypothesis. Pope and
Sydnor (2010) find that states with higher median income have more stereotyp-
ical upper tail gender achievement gaps in math and ELA; however, they do not
find significant associations for parental education. Penner and Paret (2008) find
that the achievement gap between the highest achieving males and females in
math is greatest for students from families with high parental education.
Lubienski, Robinson, Crane, and Ganley (2013) find that gender gaps in math
performance on the ECLS-K are larger among high-SES students than low-SES
students beginning in third grade. Together, these findings suggest that higher
SES exacerbates gender achievement gaps, leading to more male-favoring
gaps in math and, to some extent, to more female-favoring gaps in ELA.

A competing hypothesis about the influence of SES suggests a different
possible pattern. Trivers and Willard (1973) contend that in poorer condi-
tions, including lower socioeconomic conditions, parents will invest more
in their daughters because in such contexts, daughters will have higher
returns to education (and higher likelihood of finding a high-status spouse)
compared with sons. In contrast, in better conditions, parents will invest
more in their sons because they have higher potential for economic success
than their daughters (Trivers & Willard, 1973).

Again, there is some empirical evidence in support of this hypothesis.
Sons of higher status fathers are more likely to attend private school than
daughters (Hopcroft & Martin, 2016) and tend to achieve higher degrees
of educational attainment than daughters (Hopcroft, 2005; Hopcroft &
Martin, 2016). Conversely, daughters from lower income families are more
likely to attend private school than sons (Hopcroft & Martin, 2016) and
more likely to have higher educational attainment than sons (Cox, 2003).>
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Among children from low-income families and those raised by a single par-
ent, or a working mother, male students have lower average academic,
behavioral, and economic outcomes than females, relative to the gender dif-
ferences among children from more advantaged families (Autor, Figlio,
Karbownik, Roth, & Wasserman, 2016, 2017; Buchmann & Diprete, 2000;
Chetty et al., 2016; Diprete & Buchmann, 2013; Legewie & Diprete, 2012,
2014). Entwisle, Alexander, and Olson (2007) find that males receiving
meal subsidies perform lower on reading tests than similar females, in part
because of parents’ lower expectations for males’ school achievement. In
another study, the same authors find that the math reasoning skills of
male students were more strongly influenced by the education level and
median household income in the neighborhood than were the skills of their
female peers (Entwisle, Alexander, & Olson, 1994). Moreover, recent evi-
dence suggests that living in high-poverty and high-crime communities
more negatively affects males’ achievement than females’ achievement
(Chetty et al., 2016; Chetty & Hendren, 2017).

Research Aims and Framework

The primary goal of this article is to provide detailed information about
the geographic variation of male-female test score gaps. First, we provide
a description of the patterns of gender differences in academic performance
among nearly 10,000 U.S. school districts; our data span six grades and 8
years, covering 13 unique student cohorts. Of particular interest is the joint
distribution—the variances and the covariance—of gender achievement
gaps in math and ELA.

Figure 1 presents a stylized illustration of the dimensions of this joint dis-
tribution. School districts will fall into one of the four quadrants of the figure,
each of which represents a different stereotypical or gender-favoring average
pattern. Districts in the upper left quadrant have stereotypical gender gap
patterns—males outperform females in math, on average (positive math
gap), and females outperform males in ELA (negative ELA gap). In contrast,
districts in the lower right quadrant have gender achievement patterns that
are opposite in direction to common stereotypes. Districts in the lower left
quadrant have average gender gaps favoring female students in both sub-
jects, while those in the upper right quadrant are places where male students
outperform female students on average in both subjects.

We can plot the estimates of math and ELA gaps on a figure similar to
Figure 1, examining how the locations of districts in the figure vary by grade,
cohort, and local socioeconomic characteristics. The correlation between the
math and the ELA gender gaps in this figure will illustrate the extent to which
districts vary primarily along the stereotype dimension (the northwest-south-
east dimension) or along the gender-favoring dimension (the southwest-
northeast dimension). Variation or change along the stereotype dimension
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Figure 1. Dimensions of gender achievement.

indicates that districts differ in the extent to which gender achievement gaps
conform to the conventional stereotype that males outperform females in
math and females outperform males in ELA. Variation or change along the
gender-favoring dimension indicates the extent to which gender achieve-
ment patterns in both subjects are more male- or female-favoring.

Second, we investigate the associations between district-level gender
achievement gaps and two aspects of local communities: average adult SES
and gender disparities in individuals’ income, educational attainment, and
occupations. The former is a measure of both the home and neighborhood
conditions of the children as well as of their school lives (peers, school quality,
etc.). The latter serves as a proxy measure of local gender role models, norms,
stereotypes, and expectations.6 Our goal is to provide descriptive evidence of
whether gender achievement gaps vary systematically with these district char-
acteristics and to classify that variation along the dimensions in Figure 1.

Data
Achievement Data

The student achievement data used in this study come from the EDFacts
database, a federal database that includes aggregated state accountability test
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score data for every school in the United States. The EDFacts data include
counts of students scoring at each state-defined proficiency level (e.g.,
“Below Basic,” “Basic,” “Proficient,” and “Advanced”) on state accountability
tests in Grades 3 through 8 for both math and ELA. The counts are disaggre-
gated by school, grade, year, test subject, and gender. These data are available
for the 20082009 through 2015-2016 school years. In our analysis, we include
all public schools serving any students in Grades 3 through 8, regardless of
whether they are part of an elementary (K-8) or unified (K-12) school district.
We aggregate data from all the schools in a school district and use these aggre-
gated data to measure gender achievement gaps in each school district. We
focus on districts rather than schools for several reasons: school districts
more closely correspond to local communities than schools, detailed socio-
economic data from the American Community Survey are available at the dis-
trict but not at the school level, and our estimated gender achievement gaps
are much more precise for districts than for individual schools. In aggregating
school data within school districts, we assign charter schools to either (1) the
public school district chartering them or—if they are not chartered by a tradi-
tional public school district—(2) the public school district in which they are
geographically located. As a result, a “school district” in our analysis is a geo-
graphic unit, rather than strictly an administrative unit, and so corresponds to
the population of public school students living in a geographic region.
Using the counts of male and female students in each proficiency category
within each geographic school district, we estimate the means and standard
deviations of the underlying male and female test score distributions in
each district using the heteroskedastic ordered probit (HETOP) model intro-
duced by Reardon, Shear, Castellano, and Ho (2017).”® We link these esti-
mates to a common scale and standardize them relative to the student-level
national distribution of scores within their respective subject, grade, and
year, using the methods described by Reardon, Kalogrides, and Ho (2017).
There are roughly 12,000 school districts serving Grades 3 through 8 in the
United States; the data allow us to estimate both male and female mean
achievement in at least one grade-year-subject for 9,679 school districts.” On
average, we have 150 separate grade-year-subject-gender estimates of mean
achievement per district in the analytic sample, a total of almost 1.45 million
observations.'” These 1.45 million observations are based on roughly 290 mil-
lion test score records across the subjects, grades, and years in our sample (an
average of roughly 200 test scores per district-grade-year-subject-gender obser-
vation in our analytic sample). We denote the estimated mean test score for
a given gender subgroup s in district d, subject b, grade g, and year y as Ly,

Covariate Data
We include two primary covariates in our analyses: (1) the average

socioeconomic characteristics of parents of children in public school and
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Table 1
Socioeconomic Composite Factor Loadings for the
Male-Female Socioeconomic Difference Measure

Male-Female Socioeconomic Difference Measure Factor Loadings
Median household income (in 10,000s) 0.186
Proportion of adults with BA+ 0.182
Poverty rate, 5- to 17-year-olds -0.176
Percent of 25- to 64-year-olds in the labor force and unemployed —0.142
Percent of 25- to 64-year-olds not in the labor market —0.154
Proportion in management, business, and financial occupations 0.200
Proportion in computer, engineering, and science occupations 0.176

Note. The factors were generated in the overall sample of 12,954 districts. The same factor
loadings were applied to the male- and the female-specific versions of the socioeconomic
composite.

(2) the difference in individual income, education, and occupational charac-
teristics between adult males and females living in the district. For the first,
we use a measure of the average SES provided in the Stanford Education
Data Archive V2.1 (SEDA, https://seda.stanford.edu; Reardon, Ho, et al.,
2018). This measure is a composite of the median household income, the
proportion of adults with a bachelor’s degree or higher, the poverty rate
of 5- to 17-year-olds, the unemployment rate, the proportion of households
receiving food stamps or in the Supplemental Nutrition Assistance Program
(SNAP), and the proportion of single mother—headed households. See the
SEDA technical documentation for more information on this composite
(Fahle et al., 2018).

Second, we construct a measure of the income, educational, and occu-
pational differences between adult men and women living in a district from
the 2006-2010 Education Demographic and Geographic Estimate (EDGE)
detailed tables."" Note that this variable is constructed using data for all
adults, not only parents of relevant children as above.'? EDGE tabulates
the demographic and socioeconomic characteristics of adults, by gender,
who live in each school district in the United States using American
Community Survey (ACS) data. Using principal components analysis, we
construct a gender-specific composite of median income, educational attain-
ment, occupation, poverty rates, unemployment rates, labor force participa-
tion rates, proportion in business/management occupations, and proportion
in science occupations. The factor loadings for each variable are shown in
Table 1. Although data on other occupation categories are available in
EDGE, we use only measures of participation in business/management
and science occupations, as those are stereotypically male-dominated sec-
tors (and the inclusion of other occupational categories did not improve
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Table 2
Means and Standard Deviations of Covariates

Covariate Mean Standard Deviation Source
Percent Black in public schools 0.09 0.18 CCD
Percent Hispanic in public schools 0.14 0.21 CCD
Percent other race in public schools 0.04 0.10 CCD
Percent White in public schools 0.73 0.28 CCD
Percent of students in private school 0.09 0.07 ACS, 2006-2010
Socioeconomic status composite, parents 0.10 1.00 ACS, 2006-2010
Socioeconomic composite, male adults 0.34 1.22 ACS, 2006-2010
Socioeconomic composite, female adults  —0.68 0.90 ACS, 2006-2010
Male-female socioeconomic difference 1.02 0.65 ACS, 2006-2010

Note. CCD = Common Core of Data; ACS = American Community Survey. In total, the sum-
mary includes 9,679 school districts. Means and standard deviations are unweighted. The
socioeconomic status includes income, education, poverty, unemployment, proportion
receiving food assistance, and proportion of single mother-headed households. The
socioeconomic composite includes income, education, employment, poverty, proportion
in business occupations, and proportion in science occupations. The male and female spe-
cific socioeconomic composites use the factor loadings shown in Table 1.

the reliability of our measures). The difference between the male and the
female composites is then our measure of the individual income, education,
and occupational differences between adult males and females in a school
district (called the “male-female socioeconomic difference”).

We also include controls for student demographics using data from
SEDA and the ACS. SEDA provides district-level measures of the percentage
of Black, Hispanic, other race, and White students in public school districts,
averaged over grades and years."” These variables are constructed from the
Common Core of Data, an annual survey of all public elementary and sec-
ondary schools and school districts in the United States. From the ACS
data, we create a district-level measure of the percentage of students who
attend private school. Table 2 provides a summary of the measures of aver-
age SES, male-female socioeconomic difference, and student characteristics
from the various data sources. The average district in our sample has
a male-female socioeconomic difference of 1 standard deviation and is 9%
Black and 14% Hispanic.

Methods

Our aim is to provide a description of gender achievement gaps across
U.S. school districts and to generate unbiased estimates of the association
between district covariates and subject-specific gender achievement gaps
and growth rates of achievement gaps. Complicating these aims is the issue
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that measurement of gender achievement gaps may be confounded by dif-
ferences among the standardized tests used in different states, grades, and
years. Specifically, gender achievement gaps measured using tests with
more multiple-choice items (vs. constructed-response items) are more
male-favoring than tests with fewer multiple-choice items (Beller & Gafni,
2000; Bielinski & Davison, 2001; DeMars, 1998; Garner & Engelhard, 1999;
Lindberg et al., 2010; Reardon, Kalogrides, Fahle, Podolsky, & Zarate, 2018).

Because state accountability tests vary in format (as well as other factors
such as content that may also influence the measurement of gaps), this poses
an issue for generating district-level average gap estimates that are compara-
ble across states and possibly across grades and years. Any gap comparisons
will be biased by differences in test format across states, and it is not clear
how biased they will be given that information on many tests’ item compo-
sition is not readily available. Moreover, if the item format of state account-
ability tests is related to the average SES levels within the state, it will
complicate the estimation of unbiased coefficients. For example, if states
that have higher average SES also have tests with more multiple-choice ques-
tions, this will bias the estimated association between SES and gender
achievement gaps upward, leading to a possibly erroneous conclusion that
the gender gaps are more male favoring in higher SES school districts.

To address this issue, we adopt the following procedure to purge our
district gap estimates of systematic differences that might arise because of
differences across states in the content or format of their tests (see the
appendix for more detail). We first residualize all the test score means within
state, subject, grade, year, and gender—that is, we subtract the statewide
average score within a gender, subject, grade, and year from each district’s
corresponding estimate. Note, however, that the resulting residualized
gender-specific district means do not contain any information about the
average magnitude of the gender mean or achievement gap within each
state (because they constrain average male and female scores within each
state to be zero). This will limit our ability to provide an accurate description
of the variation in gender gaps across states and will also lead to an under-
estimation of the true variance of test score means and gaps in the United
States. To remedy this, we add the average NAEP scores in the correspond-
ing state-subject-grade-year-gender to the residualized state means. That is, if
Frgpgyr and ﬂ:l;g;[; denote the average standardized test scores on the state test
and the NAEP test, respectively, in state f for gender s in subject-grade-year
bgy, then we compute,

Ia‘;hgyd:l&“sbgyd - ﬂsbgw‘+ﬂ?/g{} (1)

The NAEP-adjusted residualized estimate of the mean, /:L;bgyd, is purged
of between-state differences in the tests used and therefore of bias due to
differences in the content or the format of those tests. Note that Equation
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1 implies that all between-state, -subject, -grade, and -cohort variations in the
NAEP-adjusted residualized estimates come from the information provided
by the NAEP assessments and all within-state-subject-grade-cohort informa-
tion comes from the state accountability tests. We use these NAEP-adjusted
residualized means in all the analyses that follow."

A summary of the NAEP-adjusted mean residuals is shown in Table 3.
On average, across districts, female students have higher mean test scores
than male students in ELA (difference of —0.23 standard deviations, aver-
aged across grades/years). In math, the differences in the district average
test score means are close to zero but consistently favor males in nearly
every grade and year. Both ELA and math male-female differences tend to
favor females more in later grades and in later years.

Models

We fit the following model to construct estimates of the average math
and ELA gaps within each district:

K shaya = Booa t Bora(grade — 5.5)+ B, (cobort — 2007)] - math

+[Bioa +B114(grade — 5.5)+ By, (cobort — 2007)] - math - (male — 0.5)
+[BooatBaalgrade — 5.5)+ B, (cobort — 2007)] - ela
+[Bs0atBaia(grade — 5.5)+Bs,,(cobort — 2007)) - ela - (male — 0.5)

+ Cshgyd + Vshgyd

Booa=Yooo T Xal 000 +o0a
Bota="Yoro T Xal 010+ tto1a
Boza=Yoz0 T Xal 020 tho2a
B1oa= Y100 T Xal 100 + 24104
Bi1a= Y110t Xal 110

Bi2a= Y120 T Xal 120t th124
B20a= Y200 Xal 200 14204
Ba1a= V210 Xal 210t 1214
B22a= V220 T Xal 220t th224
B30a= Y300 T Xal 300 T 14304
B31a= Y310t Xal 310

B32a= V320 T Xal 300 + 14324

Caya~N (0, a;ﬁbgj,,d> : Foya~N (0,02); Uy~MVN (0, 72), (2)

where f1y,,,.; is the NAEP-adjusted residualized estimated mean test score for
subgroup s (male or female), in subject b (math or ELA), district d, grade g,
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and year y; math is an indicator variable equal to 1 if the tested subject is
math; ela is an indicator variable equal to 1 if the tested subject is ELA;
male is an indicator variable equal to 1 if the tested subgroup is male;
grade is a continuous variable indicating the tested grade; cobort is a contin-
uous variable indicating the tested cohort (where cohort is defined as the
tested year — grade, and so indicates the year in which a cohort was in their
spring kindergarten semester); and X is a vector of (time and grade invari-
ant) district-level covariates. The #_, are multivariate normally distributed
mean-zero residuals with variance-covariance matrix 72 to be estimated,
Tshgya is @ normally distributed mean-zero residual with variance o to be esti-
mated, and ey is a normally distributed mean-zero sampling error term with
known variance &)f_bgyd equal to the sampling variance of ﬂ:hw.” Model esti-
mation is performed using the hierarchical linear modeling software.

In other words, this model uses up to 192 (2 genders, 6 grades, 8 years,
2 subjects) estimates of gender-grade-year-subject NAEP-adjusted means in
each district to estimate each districts” average performance in math, male-
female gender achievement gap in math, average performance in ELA,
male-female gender achievement gap in ELA, growth over grades and
cohorts of each of those terms, and residual error term. The average perfor-
mance and gaps (8., are then modeled as a function of a vector of district
covariates and a residual error term indicating the difference between the
true average/gap that is predicted by the covariates and the national aver-
age/gap. Similarly, the grade (B.,,;) and cohort slopes (B.,,) of the average
performance and gaps are modeled as functions of district covariates and
district-specific residual error terms. We exclude the district-level error terms
on the grade slopes of the gender achievement gaps in math and ELA
(B114:B314) because our initial models including them indicated that their
variance was not statistically distinguishable from zero. That is, we cannot
reject the null hypothesis that the gender gaps change at the same rate
from third to eighth grade in all districts.

In our null model (Model 1), we do not include any district-level cova-
riates, X,. From this model, we recover an estimate of the true variance in
the gender achievement gaps among U.S. school districts. We then formally
test whether average parental SES and adult male-female socioeconomic dif-
ferences are associated with overall achievement, gender achievement gaps,
and the growth across grades or cohorts in both these measures by adding
these measures, in Xy, to the null model (Model 2). Next, we add racial
composition variables to test whether the average SES and male-female
socioeconomic difference associations hold after controlling for student
demographics (Model 3). Finally, we estimate a variant of Model 3 that
includes state-level random effects on the four B, terms (Model 4). In
this model, we state-mean center the district covariate vector Xy; as a result,
the coefficient estimates from Model 4 are the same as we would obtain had
we added state fixed effects in each of the 8., equations (but the model is
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more computationally efficient than the fixed-effects model). Note that cen-
tering the vector X,; changes the interpretation of the estimated coefficient
vector fo It now represents average within-state associations. This has
the advantage of ensuring that the associations are not biased by between-
state differences in the standardized tests.

Results

Table 4 reports selected coefficients from the fitted models. Model 1 (the
null modeD) shows that the average district male-female math gap is approx-
imately 0.03 standard deviations and the average ELA gap is —0.23 standard
deviations. In other words, in the average school district, there is essentially
no gender achievement gap in math, but two thirds of a grade-level differ-
ence in favor of females in ELA (one grade level in Grades 3-8 is roughly
equal to 0.33 standard deviations). Because we center grade and cohort at
the midpoints of the grades and cohorts contained in our data (grade 5.5
and cohort 2007), these can be interpreted as the average gaps halfway
through fifth grade for the middle cohort in our sample. On average, both
the math and the ELA gaps change in favor of females from Grades 3 through
8 (by roughly —0.06 standard deviations in math and —0.10 standard devia-
tions in ELA in five grades). Across cohorts, the gaps change relatively little
per year; the models imply that the average math gap changed by roughly
—0.05 standard deviations (in favor of females) and by roughly 0.02 standard
deviations (in favor of males) from the earliest to the latest cohorts in our
sample. These results are largely consistent with the less parametric patterns
evident in Table 3.

The gender gaps vary significantly among districts in both ELA and
math. From Model 1, the estimated distribution of the ELA gaps (mean =
—0.23; SD = 0.049), assuming normality, implies that 95% of school districts
have ELA gaps between —0.13 and —0.33 standard deviations (i.e., favoring
females by between one third and one grade level). In no district is males’
average performance higher than that of females. A district’s ELA gap would
have to be almost 5 standard deviations from the mean ELA gap in this case.
The distribution of math gaps (mean = 0.027; SD = 0.049) implies that 95% of
districts have math gaps that are between —0.07 and 0.13 standard devia-
tions, favoring males in 72% of school districts and females in 28% of school
districts. In Figure 2, we map estimates of the ELA and math achievement
gaps across U.S. school districts to provide a visual representation of this var-
iation.'® In the maps, orange indicates that female students outperform male
students on average, and blue the opposite; white indicates missing data.
Darker shades signify larger average gaps. In both subjects, the maps con-
firm that there is a clear variation in the gaps among and within states,
although some states have less between-district variation in the gaps than
others.
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Male-Female Gap, SD Units
© More than 0.25 SDs

0.15 to 0.25 SDs

0.05 to 0.15 SDs

-0.05 to 0.05 SDs

© -0.15t0-0.05 SDs

-0.25t0-0.15 SDs

-0.35t0 -0.25 SDs

Less than -0.35 SDs

© missing

Figure 2. Average gender achievement gaps in U.S. school districts.
Note. ELA = English language arts. The empirical Bayes estimates from Model 3 are displayed.

Figure 3 shows the empirical Bayes estimate of the male-female math
achievement gap plotted against the empirical Bayes estimate of the ELA
achievement gap for each district in our sample. Note that the gaps fall pre-
dominantly in the upper left quadrant indicating that in most school districts,
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0.3

> Favor Males

District Math Gap
> No Gap <

-0.2

Favor Females <

-0.3

T T T T T
-0.5 -0.4 -0.3 -0.2 -0.1 0.0 0.1

Favor Females < > No Gap <-> Males

District ELA Gap

Figure 3. The relationship between math and ELA gender achievement gaps,
across U.S. school districts.

Note. ELA = English language arts. Observations are empirical Bayes test score gap estimates
from Model 3, weighted by the average number of students in a district-subject-grade-year.
They are in standard deviation units, standardized to the NAEP national distribution within

each subject, grade, and year.

gender achievement gaps align with subject-specific gender stereotypes. In
contrast, the math and ELA gaps are positively correlated: Districts with
more male-favoring math gaps tend to also have more male-favoring (less
female-favoring) ELA gaps. This suggests that variation among districts is
gender favoring (as described in Figure 1), despite the fact that gaps on aver-
age are stereotypical. Indeed, Table 5 shows that the estimated correlation
between the math and the ELA gaps is 0.83.

Table 5 further shows that there is a moderate correlation between the
average performance and the male-female gap in math ( =0.48) but that
there is almost no association in ELA ( = 0.04). Districts with higher math
performance tend to have more male-favoring math gaps, but the average
performance of students in ELA is unrelated to the size of the ELA gap.

Model 2 in Table 4 shows that both district SES and male-female socio-
economic differences are positively associated with the male-female math
gap. In wealthier school districts and in school districts with more
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Math Gap; Correlation = 0.48
ELA Gap; Correlation = 0.00

-->No Gap <-> Favors Males

Male-Female Achievement Gap

Favors Females <-----------zz==-.

T T T T T T T T

-3 -2 -1 0 1 2
District Socioeconomic Status (Composite Measure)

Figure 4. Male and female achievement in English language arts (ELA) and math
versus socioeconomic status (SES) in U.S. school districts.
Note. The empirical Bayes estimates shown underestimate the true variance in the male-

female achievement gaps.

socioeconomic gender inequality, math gaps favor males more, on average.
In ELA, there is no significant relationship between overall SES and the gen-
der gap in Model 2. There is a small positive association between local gen-
der income, educational and occupational disparities, and the ELA gender
gap: ELA gaps favor males more in communities with large socioeconomic
disparities between adult males and females. Overall, these results suggest
meaningful associations between math achievement gaps and both local
SES and local gender socioeconomic disparities but no or very small associ-
ations for ELA. This is evident in the proportion of variance explained by the
two SES variables (Model 2): Together they explain 26% of the variance in
math gaps but none of the variance in the ELA gaps.

We illustrate these results in Figures 4 and 5. Figure 4 shows the male-
female achievement gaps in math plotted against the SES composite. For
the ELA gaps, the slope of the line is nearly flat; the gaps are uncorrelated
(r =0.00) with SES (as is evident in the multivariate models). However, in
math, the slope of the line is positive (# = 0.48), indicating that the gap is
more male favoring in high-SES places compared with low-SES places.
Figure 5 shows positive relationships in both math and ELA between
achievement gaps and our measure of socioeconomic gender inequality
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03—

Math Gap; Correlation = 0.34
ELA Gap; Correlation = 0.07

->No Gap <-> Favors Males

Male-Female Achievement Gap

Favors Females <------------------

-0.5 4

T T T T
2 0 2 4

Females Higher SES <-> No Disparity < > Males Higher SES
District Male-Female Socioeconomic Difference

Figure 5. Male and female achievement in English language arts (ELA) and math
versus the male-female socioeconomic difference in U.S. school districts.

Note. The empirical Bayes estimates shown underestimate the true variance in the male-
female achievement gaps.

(income, education, and occupation composite difference). However, the
relationship is much steeper in math (as seen in Model 3), indicating that
in places with larger male-female socioeconomic disparities among adults
math and, to a much smaller extent, ELA gaps tend to favor male students
more (relative to the average district).

After controlling for racial composition and the percentage of students in
private school, (Model 3) or estimating the association within states (Model
4), the associations between the math gaps and SES and gender socioeco-
nomic disparities remain statistically significant (see Table 4). In ELA, the
results for SES are inconsistent in sign and significance across models, and
the coefticients are very small and of little practical significance. The associ-
ation between gender socioeconomic disparities and ELA gender gaps is
smaller and no longer statistically significant after controlling for racial com-
position and the percentage of students in private school.

Although it is not the focus of our analysis here, Model 3 indicates that
racial composition is also associated with the gender gaps. For example,
both math and ELA gaps are more female favoring in districts with a larger
proportion of Black students. Although this suggests that within-district gen-
der gaps are smaller (more female favoring) among Black students than
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Grade Cohort
e e
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Figure 6. Stylized model results.

Note. ELA = English language arts; SES = socioeconomic status.

among White students, the pattern does not prove this. A similar pattern
would result if White and Black gender gaps were similar within any given
district but both White and Black gender gaps were negatively correlated
with the proportion of Black students in a district. Nonetheless, the result
does indicate that Black children are, on average, in school districts where
gender gaps are more female favoring, while White children are dispropor-
tionately in school districts where gender gaps favor males more. These
associations are not large, but they persist even after controlling for district
socioeconomic characteristics (see Model 3 of Table 4).

Using the framework described in Figure 1, we can characterize where
(in what kinds of districts) and when (in what grades/cohorts) gaps are more
stereotypical versus gender favoring. In Figure 6, we plot the stylized results
from Model 3, illustrating the joint distribution of math and ELA gaps in the
same two-dimensional space as in Figures 1 and 3. These stylized results are
derived from the estimates in Models 1 and 3 of Table 4. In each panel of the
figure, we plot the estimated 95% coverage ellipses (the ellipses in which
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95% of districts lie) for two sets of estimated gaps. These illustrate the relative
direction and magnitude of the differences in gaps associated with different
grades, cohorts, or types of districts.

In the first panel of the figure (upper left), we show that gender achieve-
ment gaps favor females more in later grades than earlier ones: The ellipse
representing the joint distribution of the gaps shifts down and to the left (in
the female-favoring direction) between third and eighth grade. A compari-
son of the implied distribution of gaps across cohorts (upper right panel)
reveals that gender gaps are smaller and less stereotypical (math gaps are
less male favoring, ELA gaps are less female favoring) in more recent
cohorts, evidenced by the shift down and to the right of the ellipse.
Finally, in districts with high average SES (lower left), or large adult male-
female socioeconomic disparities (lower right), the distribution of gaps is
shifted upward in the figure relative to poorer districts and those with
smaller adult gender socioeconomic disparities, indicating that math gaps
are more male favoring in more socioeconomically advantaged and unequal
districts. Interestingly, the magnitudes of the differences in achievement gap
patterns related to these two variables are much smaller than the magnitudes
of the average differences in gaps across grades or cohorts.

In fitting Model 1 in Table 4, we found no statistically significant varia-
tion in the gap grade slopes among districts (motivating the removal of the
random coefficients on the math and the ELA gap grade slopes from Model
1. This is somewhat surprising; we might anticipate that factors that produce
variation in the gaps among districts would also have cumulative effects as
student’s age, which would be reflected as differences between districts in
the gap grade slopes in our model. However, the test of between-district var-
iance on this interaction term is a low-power test; there is likely a modest
degree of variation among district that our models have insufficient power
to detect. We do find that the district characteristics predict changes in the
gender achievement gaps from third to eighth grade. In high-SES districts,
math achievement gaps grow more female favoring than they do in lower
SES districts (Model 2); however, this loses significance when controlling
for student characteristics (Model 3) or estimating the association within
states (Model 4). Furthermore, in communities with larger male-female
socioeconomic disparities, the growth in the math and the ELA gaps is
more male favoring (Models 2, 3, and 4).

The cohort slopes, in contrast, show that math gaps have changed in
favor of females and ELA gaps in favor of males over the cohorts in our
sample—in opposition to the common stereotypes—as illustrated in
Figure 6. There is significant variance in the gap cohort slopes among dis-
tricts and the change in the math is more male favoring, and ELA gaps
over cohorts is more female favoring in high-SES communities (Model 3).
In math, we also find that the change in gaps over cohorts is more male
favoring in communities with high male-female socioeconomic disparities
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but find no significant results in ELA (Model 3). These results hold when
looking within states (Model 4).

Discussion

No prior study has examined gender achievement gaps at the local level
and with the level of detail we have here. Given this, our primary goal in this
article is to establish a set of stylized facts regarding the size, variation, and
correlates of gender achievement gaps in math and ELA. Five particular
patterns—and their implications—are worth noting.

First, in virtually every school district in the United States, female students
outperformed male students on ELA tests in Grades 3 through 8 during the
2008-2009 to 2015-2016 school years. In the average district, the gap is
roughly one quarter of a standard deviation, though the gaps vary among dis-
tricts. A quarter of a standard deviation is a substantial gap; it corresponds to
roughly two thirds of a grade level and is larger than the effects of most large-
scale educational interventions. On math tests, in contrast, the gender gap in
the average district is quite small—roughly 0.03 standard deviations in favor of
males. Again, this varies among districts. Female students modestly outper-
form males in a quarter of districts; males modestly outperform females in
the others. But in only a small number of districts are the gaps larger than
a third of a grade level. The math and ELA gaps in the average district align
with those estimated at the state or national level in other studies (Fryer &
Levitt, 2010; Husain & Millimet, 2009; Lee et al., 2011; Penner & Paret, 2008;
Pope & Sydnor, 2010; Robinson & Lubienski, 2011; Sohn, 2012).

Second, districts’ math and ELA gender gaps are strongly positively cor-
related: School districts vary largely on the gender-favoring dimension and
very little on the subject-specific stereotype dimension (as shown in
Figures 1 and 3). The fact that gender gaps vary among school districts sug-
gests that local conditions and processes—in addition to larger societal
forces—play a role in shaping them. Moreover, the results imply that if the
variation among districts is driven by, say, local norms, the content of these
norms must be primarily about relative general academic expectations for
male and female students, rather than about subject-specific differential
expectations.

Third, the data are relatively silent with regard to what local processes
produce these gaps—most of the variation among districts in gender
achievement gaps is unaccounted for by socioeconomic and demographic
district characteristics. In our models, gender gaps in math appear to be
related to local socioeconomic conditions; many of the communities with
the largest math achievement gaps are affluent, predominantly White, subur-
ban communities in which adult gender employment and income disparities
tend to be particularly large. This same pattern is not true of gender gaps in
ELA performance, however.
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Fourth, on average, gender achievement gaps become more female
favoring from Grades 3 through 8 in both math and ELA. In third grade,
male students outperform female students in math by roughly a sixth of
a grade level and female students outperform male students by roughly
half a grade level on ELA tests. By eighth grade, in the average district,
male and female students score equally well on math tests, but females
are nearly a grade level ahead of their male classmates in ELA. It is important
to note that other studies, using national data, find that this pattern reverses
in high school. On NAEP, for example, male students outperform female stu-
dents in math in high school, and the ELA gap in favor of females is smaller
in high school than in eighth grade (Fahle & Reardon, 2018). This suggests
that the forces that shape gender achievement gap patterns vary during the
child and the adolescent developmental period as well as among local
communities.

Fifth, gender achievement gaps in Grades 3 through 8 have been trend-
ing toward gender parity over recent cohorts of students, though this trend is
more pronounced in math than in ELA. Our estimates indicate that the math
gap has declined by roughly 0.05 standard deviations (about a sixth of
a grade level) from the 2001 to the 2013 spring kindergarten cohort. In the
most recent cohorts, there is no gender gap in math in the average school
district. The trend in ELA gaps has been much slower: The ELA gap declined,
on average, by roughly 0.02 standard deviations across the same set of
cohorts. The combination of these trends indicates that gender gaps in mid-
dle school achievement have become somewhat less pronounced and less
aligned with subject-specific gender stereotypes in recent years.

It is not clear, however, what has driven these changes over time in the
gender gaps. One possibility is that gender norms have changed in recent
years, but there is little evidence to suggest that there has been a significant
change in gender norms in the past decade. Another possibility is that the
recession played a role. The recession generally lowered family incomes,
and affected male workers more than female workers, thereby reducing
the male-female income, educational, and occupational disparity in many
communities. Given that lower community SES and smaller gender occupa-
tional disparities are both associated with less male-favoring math achieve-
ment gaps, it is possible that the recession led to reduced gender
disparities in math. One might test this hypothesis, by examining whether
gender gaps changed more in communities hardest hit by the recession,
but such an analysis is beyond the scope of this article.

This article has several limitations. One is that the tests used to measure
achievement vary in format and content among states, grades, and years, and
these differences may lead to differences in measured gender achievement
gaps. We address this issue by using the NAEP assessments to adjust the
gender-specific scores on each states’ tests. This method is not perfect, how-
ever, and may not fully correct for the differences in content and format of
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states’ tests. Another limitation is that we do not have good measures of local
norms, expectations, stereotypes, or of how boys and girls are treated in
school, at home, or in their community. Because of this, we cannot rule
out the potentially important influence that these factors may have on gen-
der achievement gaps that we are unable to observe with our coarse proxy
measure. Third, the patterns described here apply to Grades 3 through 8. We
cannot speak to the existence of gaps or trends in later grades and how they
may differ from what we see here. Finally, we find some suggestive relation-
ships between race and gender achievement gaps but are unable to estimate
gender gaps by race. Prior evidence shows that gender achievement gaps
are characteristically different among students from different racial groups
(e.g., Penner & Paret, 2008), and we are limited in our ability to explore
that using our data.

We have demonstrated a set of stylized patterns of gender inequality in
U.S. school districts; however, there is clearly more work to do to understand
the processes that shape these gender inequalities. The patterns that we
observe are likely the cumulative effect of different types of phenomena
operating at different geographic levels—Iarge-scale social processes, local
norms and beliefs, and personal interactions, applied simultaneously.
Within the United States, subject-specific gender stereotypes are ubiquitous
and persistent social constructs that, to some extent, shape individuals’ gen-
dered interests and structure individuals” actions and interactions (Ridgeway,
2011). At the same time, individuals’ actions are also influenced by their local
school and neighborhood contexts, as well as by their personal interactions
(with family and peers). Understanding the different processes that generate
gender inequality, the scales at which they operate, and how they interact
with one another is an important area of future research.

Appendix
Constructing NAEP-Adjusted Residualized Achievement Measures

We can write the estimated mean test score for gender s in subject b,
grade g, year y, and district d in state f as

~ __ . naep S
/-Lshgyd - I‘Lghgyd + Ushgyf + €sbgyd

where :U“Z:Zﬁz is the true mean score for that population on the NAEP test,
Ushgyr 1s an error term specific to gender s on the test in state / in subject-
grade-year bgy (i.e., it is the difference in gender gaps as measured by the
state test and the NAEP test in state /; we assume here that this difference
is constant across districts within state f, but not common across states);
and €, is sampling error specific to the estimated test score mean of gen-
der s in subject b, grade g, year y, and district d. The estimated male-female
gap in district d will then be
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gbgyd = [u[ﬂmle]hgyd - “[female]hgyd] + [U[male]hg}f = Ulfemale|bgyf ] + [é[male]hgyd - é[female]bgyd]
= [ghat] + [ty ] + [Aéngoa],

where gzgg is the true male-female gap that we would observe if the NAEP

test in subject b, grade g, and year y were administered in district d; Avygr is

the difference between the gender gap on NAEP and the gender gap on the

state f test in subject b, grade g, and year y; and A€y, is measurement error

in the gap.

If Avpg,r is not constant across the tests used in different states, grades,
years, and subjects, the measured gaps will not be comparable across states,
grades, years, and subjects. Prior research suggests that Avy,,r varies consider-
ably among states (Reardon, Kalogrodes, et al., 2018). To address this, we resi-
dualize fig,,, by subtracting the average score of gender s in subject b, grade
g, year y, and state /. We first estimate pg,,,r, the mean test score for students
of gender s in subject b, grade g, year y, and state f, by taking a precision-
weighted average of the fig,, ,'s. Then, we residualize fig,,, to obtain

/l:hgyd:ﬂ'shgyd - l‘lshg}f .
Finally, we add the average NAEP score for gender s in subject b, grade g,
year ), and state / to the corresponding residualized district means

A1 R ~ naep
Mesngya = Fesvgya ™ Meshgyr

NAEP does not report means in every grade and year, so we use interpo-
lation to recover estimates of ﬂiﬁ} in nontested grades and years. We use
NAEP data from 2009, 2011, 2013, and 2015 NAEP tests in Grades 4 and 8.
We first standardize the gender-subject-grade-year estimates within subject,
grades, and years using the standard deviation of achievement for all students
in the same subject, grade, and year. We then interpolate to obtain estimated
gender- and subject-specific means for the nontested grades and years.

Note that we can rewrite this as
lllsbgyd = Il:bgyd + ﬂ@z}{;

~ naep

= [M;le;fd + Ushgyf + éxhgyd :| —E [M:iaagi{?d + Ushgyf + é»\‘bng |S ’ b? 8 vf :| +M5hg1f

_ | naep S naep | nnaep
= |:/‘stg1/¢l sy + Esbw'd] = Mgy = Ustgyf T gy,

=gy T €
Thus, ,ngbgyd is an estimate of the mean test scores of gender s in district d
that has the bias due to the difference between the state’s test and the
NAEP removed. The fi(,, ,'s, and the resulting gap estimates, are therefore
comparable across states within a grade, year, and subject.
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'"The negative correlation that they observe between the gender gaps in representa-
tion in the upper tails of states” math and reading distributions, however, is not evident in
other measures of gender achievement gaps. We compute gender gaps between the
means of the male and the female NAEP test score distributions in each state; the correla-
tions between mean math and reading state gender gaps are generally positive and small
(analyses not shown here). NAEP data can be retrieved here: https://www.nationsreport-
card.gov/ndecore/landing.

These stereotypes have remained relatively stable over the past 30 years despite the
large cultural shifts in women’s roles (Haines, Deaux, & Lofaro, 2016).

SAlternatively, sociologists have hypothesized that children in affluent families have
the opportunity to indulge in their gendered interests, which may exacerbate gender dif-
ferences (Charles, Harr, Cech, & Hendley, 2014). In other words, affluent students are able
to pursue academic activities that align with their gendered interests (whereas poor stu-
dents must make decisions more economically), such that gender differences in achieve-
ment will be magnified among affluent students.

‘Gender differences in parental spending, however, may not all be stereotypi-
cal—they invest in different aspects of their children’s education (unrelated to field). In
particular, parents tend to have higher educational expectations for their daughters and
invest more time in educational activities with their daughters but are more involved in
school activities for their sons and save more for their sons’ college education (Raley &
Bianchi, 2000).

The types of differential investments parents make in male and female children may
also vary by social class (Hao & Yeung, 2015). Hao and Yeung find that although parents
invest more in girls than in boys at all levels of SES, lower SES parents invest more in
school-related (tuition, school supplies, tutoring) and socio-cultural expenditures (drawing,
music, sports, community activities, toy/presents, vacations), whereas high-SES parents
invest more in status-signaling expenditures (clothes, shoes, cars) for female children.

‘Ideally, we would have assessed whether gender achievement gaps are related to
a direct measure of stereotypes, such as a survey; however, these type of data are unavail-
able at the local level. As a proxy, researchers have used composites of differences
between males and females in their economic participation and opportunity, educational
attainment, health and survival, and political participation as a measure of collective atti-
tudes. This is most often seen in the international literature (e.g., Guiso, Monte, &
Sapienza, 2008; Hyde & Mertz, 2009). In so much as adult socioeconomic gender dispar-
ities signal that a community has more traditional gender stereotypes about occupational
roles, we might expect them to also indicate a community that has academic gender ster-
eotypes. However, the measure may also reflect a gender advantage. For example, large
male-female disparities may indicate that males in a community have more opportunity,
both economically and educationally.

"Note that we exclude state-grade-year-subject cases where (1) not all students in
a state take a common test, (2) data were incomplete due to pilot testing, (3) the number
of tests reported was more than 10% higher than the enrollment (typically because some
students took multiple tests in a subject, such as in eighth grade math in some states), and
(4) state testing participation rates were lower than 95%. In each of these state-grade-year-
subject cases, we cannot meaningfully compare the test score distributions across gender
and districts. For a list of the omitted cases, see Fahle et al. (2018; Table Al).
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8For a complete description of the methodology used to estimate the district-sub-
group-subject grade-year test score distributions, see Fahle et al. (2018).

In addition to excluding a small number of state-grade-year-subject cases where
state-level student participation rates were less than 95%, we exclude individual districts
with lower than 95% participation rates. Such exclusions were rare except in 2015 and
2016, when some states and districts experienced high nonparticipation rates. We also
do not report estimates for district-subject-grade-year-gender cells in which there are
fewer than 20 students because estimated means are very imprecise in such cases. For
a detailed description of these issues see Fahle et al. (2018). Finally, we restrict our analytic
sample to district-grade-year-subject cases where both male and female test score mean
estimates are available.

Given that we have 8 years, 6 grades, 2 subjects, and 2 genders, the maximum pos-
sible number of estimates per district is 192.

"We use the 2006-2010 EDGE data to construct the different measures in order to be
consistent with the average SES measure taken from SEDA.

“The EDGE data from the ACS do not include separate tabulations of enrolled stu-
dents’ mothers’ and fathers’ socioeconomic characteristics (except for educational attain-
ment and unemployment status). Therefore, we use data for all adults to construct the
gender-specific socioeconomic composites.

3The demographic data provided in SEDA include imputed data and will not match
the raw CCD. The multiple imputation process is described in detail in the SEDA technical
documentation (Fahle et al., 2018).

YWe further checked whether test format had implications for the variance of
achievement by comparing the state-level standard deviation ratios (male/female)
between the EDFacts data and the NAEP data by subject, grade, and year. The results
were somewhat inconclusive because the state-level ratios of male/female standard devi-
ations are imprecisely estimated in NAEP, due to modest sample sizes, and vary little
among states. We found that the average male/female standard deviation ratio is very sim-
ilar in size on NAEP and state tests (about 1.05). When we estimated the correlation
between the NAEP and the state test standard deviation ratios (taking measurement error
into account), the estimated correlation is high (0.87).

Note that we use the sampling variance of gy (the residualized means) as an esti-
mate of @%, , (the sampling variance of the NAEP-adjusted residualized means). We do
not add in the sampling variance of the NAEP state mean because the state-level error
is common to all districts in a state (and is similar across states, since the NAEP sample
sizes are the same across states).

The maps are shown to illustrate the variation; however, note that they understate
the true variance of the gaps in ELA and math as a result of shrinkage. The reliabilities of
the gaps are 0.60 in both subjects from Model 1.
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