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Abstract

Prior researchers (for example, Ballard & Johnson 2004; Hoag & Benedict 2010) have
demonstrated a link between math ability and performance in economics courses. However, few
researchers have deeply probed this issue. In this paper, | compare the merits of Algebra and
Geometry test scores as predictors of Economics test scores. Data are provided by the Georgia
Department of Education and include all Georgia public high school students who completed
Economics in 2006, 2007, and 2008. Students completed standardized examinations in Algebra
I, Geometry, and Economics following the completion of each course. These scores serve as
proxies for abilities in each subject. Compared to Algebra I test scores, | find that performance
on the Geometry test is a better predictor of success on the Economics exams. Results of this
study could be used to determine course-sequencing in high school and recruitment efforts. For
example, scores in a Geometry course could be used to sort students into Honors and AP
Economics. Additionally, my results indicate that prior research using generic proxies for math
abilities may suffer from misspecification biases.
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I. Introduction

Research indicates that a strong ability in mathematics correlates with an aptitude in
economics (Ballard & Johnson 2004; Hoag & Benedict 2010). There are two potential
explanations for this relationship. One possibility is that high performance in mathematics is
correlated with unobserved latent variables; for example, students demonstrating high marks in
mathematics may be hard workers or the children of highly motivational parents. This effect is
indirect; math scores signal an innate ability that may transfer to any discipline, including
economics, but mathematical prowess of this nature does not cause economics aptitude. High
math ability may also have a direct effect on one’s aptitude in economics; in other words, the
relationship could be causal (Hoag & Benedict 2010). A student with a solid mathematical
background may be able to problem-solve more easily and make quicker calculations. For
example, a calculation of consumer surplus for a linear demand curve requires students to
calculate the area of a triangle. Students with knowledge of geometry will have likely mastered

such a calculation, allowing them to focus on the theory, rather than learning a new formula.

It seems possible that some math abilities are more likely to have a direct effect on a
student’s potential in economics than others." For example, a student receiving high grades on a
test concerning imaginary numbers will likely have high Economics test scores due to indirect
effects (more educated parents, dedication to school, etc.). However, a student showing
proficiency in graphical tasks will likely succeed in an Economics course due to indirect and

direct effects (correlation captures causality and non-causality).

! Hoag and Benedict (2010) and Ballard and Johnson (2004) both report some evidence of this position.



In this essay, | empirically investigate the effects of algebra and geometry performance
on economics performance. The data come from the state of Georgia and include all public high
school students who completed Economics in 2006, 2007, and 2008. Performance in each
subject (Algebra I, Geometry, and Economics) is proxied by scores on End-of-Course-Tests
(EOCT), which are high-stakes exams taken at the end of each course. While many researchers
have found a positive correlation between performance in math classes and Economics, very few
have analyzed the potential differences among different math courses in predicting economics

performance.

Compared to Algebra EOCT scores, | find that Geometry EOCT scores are statistically
more strongly correlated with Economics EOCT performance. Economics educators can use this
finding to strengthen student placement and improve recruitment efforts. In addition, this essay
should contribute to the econometrics of economic education research. Because algebra and
geometry skills correlate with economics aptitude to different degrees, the employment of

generic math proxies is not advised when estimating models predicting economics performance.

Il. Literature Review

In many studies estimating schooling outcomes in economics, a generic math variable is
used in regressions to account for math aptitude. Typically, the math variable is positive and
significant, but the magnitude and interpretation of the coefficient for math is often ignored.
These studies do not provide adequate evidence for a positive correlation—the math variable
may simply account for effort or overall intelligence. Research described in the remainder of
this section is specifically aimed at finding the relevance and robustness of math abilities net of

other relevant variables in determining students’ economics performance.



Hoag and Benedict (2010) collected grades from fall Principles of Microeconomics
courses between 2002 and 2006 at Bowling Green State University. After omitting individuals
who had transferred to Bowling Green or were missing ACT scores, the authors found that
performance on the math section of the ACT was significantly and positively related to

performance in the introductory college economics course, net of other explanatory variables.

Myatt and Waddell (1990) reported a similar result. They tracked the matriculation of
students from one high school to a small university on the Atlantic Coast over a nine-year period.
Among all students sampled, achievement in 11" grade math and enrollment in 12" grade math
were each positively correlated with final grades in an economics principles course.? A dummy
variable for high school economics was also significant, providing additional evidence that
students retain knowledge from high school economics. However, when a regression was run
that only included students who had taken Economics in high school, the effects of math
enrollment and performance were less robust—the coefficient for 11" grade math fell by 72%
and enrollment in 12" grade made was no longer significant. The authors took this as evidence

that high school math ability and the completion of high school economics were substitutes.

Arnold and Straten (2012) sought to control for motivation in models predicting success
in economics courses. The authors ran factor analysis based on responses to a series of survey
questions to reduce the results to four categories. For example, the “extrinsic motivation”
category was based on responses to job prospects and personal development—both of which
likely encouraged students to attain higher grades, while the “intrinsic motivation” was largely

composed of questions gauging a student’s interest in economics and math. Even after

? The authors are unable to gather data on 12" grade math performance. 12" grade math is not compulsory—a
positive sign is an indication that high aptitude students are more likely to take 12" grade math.



controlling for motivation, high school track, high school GPA, and other relevant variables, the
results corroborate with Hoag and Benedict (2010): Math ability and performance in Economics
were positively related. Interestingly, the authors also discovered that intrinsic motivation was

of utmost importance for students who lacked a strong analytical background.

Using a similar method to those described above, Cohn et al. (1998) did not find that
math skills were important for success in an economics course. Principles of Economics
students were asked to complete a 30-question math quiz prior to taking economics. After
controlling for similar variables as the authors above (e.g. SAT, GPA, etc.), the authors found
that the math quiz score was not significantly related to grade earned in Principles of Economics.
Also, the completion of college calculus was found to be insignificant. The findings of Cohn et
al. (1998) notwithstanding, math ability and performance in economics courses are generally

found to be positively correlated.

It is possible that some math abilities are more highly correlated with economics
performance than others. For example, Butler et al. (2001) found that the level of calculus
attained and subsequent calculus grades were, for the most part, positively related to
performance in the Intermediate Microeconomic Theory class. However, calculus class-taking
and calculus grades were not found to correlate with performance in Intermediate

Macroeconomic Theory.

Likewise, Anderson et al. (1994) found that the completion of Calculus correlated with
students’ performance in an economics course. The authors tracked students who enrolled in
Introductory Economics at the University of Toronto after graduating from high schools in

Ontario. This course spanned two semesters and included topics in both microeconomics and



macroeconomics. They found that, among high school course grades, calculus grade was the
strongest predictor of a student’s Introductory Economics grade—even stronger than economics
grades in high school. Next, the authors included a dummy variable for taking high school
calculus (along with other relevant variables) and found that it positively correlated with
collegiate economics grade. Then, the authors ran a regression that included a dummy variable
for Calculus enrollment and a variable for final grade in Calculus. In this regression, the
coefficient for the dummy variable was no longer significant (and is actually negative). This
suggests that it was knowledge of calculus that improved success in Economics, rather than
exposure. Interestingly, the authors did not find a statistically significant coefficient for

performance in high school Algebra or Functions and Relations.

Hoag and Benedict (2004) provided the most thorough investigation on the topic. To
gain a grasp on specific math abilities, Hoag and Benedict (2004) used performance on the three
components of the math ACT. Each of these components aimed to target the proficiency of
students for specific tasks:

1. Elementary Algebra: Basic operations, factoring, linear equations.

2. Algebra and Coordinate Geometry: Functions, exponents, arithmetic and geometric

series, matrices, complex numbers.

3. Plane Geometry and Trigonometry: Circles, rectangles, area, triangles, trigonometry
equations

Scores on these three components served as the only measure of aptitude in specific math sub-

disciplines.

The authors created five different ordered probit regressions. The dependent variable
was the final grade in principles of microeconomics, ranked from zero (final grade of “F”) to

four (final grade of “A”). When other math controls were excluded, each of the three math ACT

® Source: ACT Compass http://www.act.org/compass/



subscores was positively related to economics grade. However, in regressions that included
freshman math placement (based on ACT scores, high school math outcomes, and University-
conducted placement tests) and the most difficult college math course completed, score on the
“Algebra and Coordinate Geometry” section of the ACT lost its significance. In each case, the
score on the “Plane Geometry and Trigonometry” subsection was the strongest predictor of
grades in Principles of Microeconomics. The authors reasoned that the abstract nature of
Trigonometry and Geometry makes courses in the subject great preparation for Economics

(Hoag & Benedict 2010, p. 37). However, the authors do not test this claim statistically.

Ballard and Johnson (2004) gathered data on students enrolled in an introductory
microeconomics course at a large Midwestern university. These students all took the same
professor for Principles of Microeconomics and the same exams were provided in each class. Of
the 2,313 students enrolled in the class in 1998 and 1999, 1,462 participated in a survey, which
included a ten-question math quiz*—thus the sample size was 1,462. The authors included four
measures of mathematical ability:

(1) The score on the math section of the ACT

(2) The score on the math quiz administered early in the semester

(3) Whether the student had taken Calculus

(4) Whether the student had been required to take remedial math (Ballard and Johnson
2004, 8)

The authors sought to find the correlation between each of the above math measures and
performance in Principles of Microeconomics. The authors found that each of these measures of
math was statistically significant even when all four measures were included in one regression.
Net of other variables, required enrollment in remedial math was correlated with a 1.59 point

decrease in a student’s final Microeconomics grade on a scale of 1 to 100. The completion of

* The students were unaware of the quiz and thus did not have time to prepare.



Calculus was correlated with a 2.83 point increase. Math quiz scores and math ACT results were
correlated with 0.72 and 0.58 increases in Principles of Microeconomics grade, respectively.
From these findings, the authors (Ballard and Johnson 2004) concluded, “Quantitative skills are
sufficiently multidimensional that no single variable is likely to represent them adequately (p.
21).” This claim shows that more research is needed to identify which dimensions of

mathematics are most indicative of economics success.

Researchers have shown a connection between math and economics ability and some
have found indications that certain math abilities are more relevant than others in determining a
student’s success in economics. However, no existing research compares the benefits of algebra
and geometry skills for economics students and all current research focuses on performance in
college economics rather than high school economics. Because this line of research could
influence course-sequencing and econometrics methods, more investigation is needed. In the
forthcoming sections, | develop an approach to compare the correlation of performance in

Geometry and Economics with Algebra | and Economics.
I11. Georgia High School Math and Economics

This study analyzes Georgia high schools under the Quality Core Curriculum (QCC),
which has been gradually phased out over the last several years. In this system, Georgia students
were placed into one of four program categories; College Preparatory (CP), College Preparatory
with Distinction (CP+), Technology/Career-preparatory (TC), or Technology/Career-preparatory
with Distinction (TC+). High-achieving students often entered high school having already
completed Algebra I in middle school. Thus, these students typically took Geometry and

Algebra I1 in 9™ or 10™ grade, before enrolling in upper-level classes like Statistics, Analysis,



and Calculus. CP and CP+ students were required to take at least 4 units of mathematics. Tech
Prep students were required to complete three units of mathematics, which included Algebra 1.°
Students completed an end-of-course-test (EOCT) in Geometry and Algebra | at the end of
course completion. They were not required to pass these exams, but each test counted as 15% of

a student’s final grade in the class. According to the Georgia Department of Education:

The EOCT are designed to improve student achievement by assessing student
performance on standards in the QCC specific to each course tested. The results of the
EOCT will be used to help make instruction more effective and to ensure that all Georgia
students have access to a rigorous curriculum that meets high performance standards.
Student performance on the EOCT will be available for diagnostic and remedial use. The
results will also be used for student accountability and for gauging the quality of
education in the state. (Georgia End-of-Course Tests)

Algebra I and Geometry EOCT contained 90 multiple choice questions, which were divided into
two sections of 45 questions. Students were given a five minute break between sections.
Depending on the EOCT, each student received between 100 to 135 minutes per test (Geometry

Study Guide 2004).

Algebra I, under the QCC, was usually taken during eighth or ninth grade. The five
content domains were (1) Algebraic Fundamentals, (2) Operations on Real Numbers and
Algebraic Expressions, (3) Solving Equations and Inequalities, (4) Functions and Their Graphs,
and (5) Connections and Applications. Upon completion, students took the Algebra EOCT. The
Geometry curriculum implemented under QCC was grouped into six domains: (1) Logic and
Reasoning, (2) Points, Lines, Planes, and Angles, (3) Congruence and Similarity, (4) Polygons

and Circles, (5) Perimeter, Area, and VVolume, and (6) Coordinate, Transformational, and Three-

> Instead of completing Algebra |, students had the option to complete “a locally developed course equivalent to
Algebra | that has been approved by the State Board of Education, or earn two units of credit by passing both
Applied Problem Solving and Applied Algebra, or two units of credit by passing both Concepts of Problem Solving
and Concepts of Algebra. (High school graduation requirements for students enrolling in the ninth grade for the
first time in the 2002-2003 school year and subsequent years 2002.)"



Dimensional Geometry. Like Algebra I, students enrolling in Geometry completed one full unit
in the course before taking the Geometry EOCT. Students were allowed a standardized formula
sheet for the Geometry EOCT that includes formulas for perimeter, area, and volume of various

two and three-dimensional shapes.

The QCC was initiated in 1985 in an effort to standardize education in Georgia by
providing specific checkpoints for student learning. However, a 2004 statewide audit conducted
by the U.S. educators organization, Phi Delta kappa, found that QCC did not meet the national
standards set by No Child Let Behind (Thomas 2008). Twenty-two years after its inception,
QCC was gradually phased out, beginning in 2007. It was replaced by Georgia Performance
Standards (GPS), which further standardized the educational guidelines by providing specific
guidelines for schools, students and test makers (Thomas 2008, p. 20). This new program
provides math courses that are wide-reaching so that basic geometry and algebra concepts (along
with other mathematical ideas) would be taught within the same introductory math class—
Mathematics I. Mathematics Il and Mathematics 111 expand on this broad-based knowledge.® In
providing more comprehensive courses, policy makers hoped that students would develop a
more sophisticated degree of understanding. Adoption of the GPS also altered the EOCT.
Starting in 2008-2009, all high school freshmen were placed in GPS and QCC was gradually
phased-out. Since | have no data on EOCT test scores after GPS was implemented, this paper
will focus on QCC mathematics only. Although Georgia high schools no longer provide
specifically characterized math courses, the results found in my paper are still useful to
Georgia’s educational policy makers. This is especially true considering there is no state-wide

mandate on the grade in which economics is taken or the pre-requisites for enroliment.

® Accelerated classes will also be offered for high-achieving students.
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Under the QCC, all students were also required to complete “one-third or one-half unit of
Principles of Economics/Business/Free-enterprise” (High School Graduation Requirements for
Students Enrolling in the Ninth Grade for the First time in the 2002-03 School Year and
Subsequent Years 2002) and complete an Economics EOCT. Like Algebra | and Geometry, the
Economics EOCT served as a high-stakes examination, accounting for 15% of a student’s final
grade in the course. Economics was composed of five domains: (1) Fundamentals of
Economics, (2) Microeconomic Concepts, (3) Macroeconomic Concepts, (4) International
Economics, and (5) Personal Finance Economics.” When the Economics EOCT was first
introduced in 2004, many students were taking Economics during ninth grade. However, first-
year results on the economics EOCT indicated that many students were failing to develop an
adequate knowledge of economics. As a result, many districts began offering economics during
student’s senior years. The economics EOCT increased the degree of uniformity among
economics courses throughout Georgia and incentivized students and teachers alike. The data
consist of all Georgia public high school students who took the Economics EOCT between fall
of 2005 and spring of 2008. Most students in this sample completed economics during twelfth

grade.
V. Data

Data are available for 240,874 students in Georgia who took the Economics EOCT.
Scores on the Algebra and Geometry EOCT are available for 60.1% and 60.2% of students,

respectively. For 41.4% of students, scores for both math courses are available. Math EOCT

7 Sample questions for each domain can be found at
http://www.gadoe.org/DMGetDocument.aspx/eoct_guide_economics_a.pdf?p=4BE1EECF99CD364EA5554055463
F1FBB77BOB70FECF5942E12E123FE4810FFF53501CAAE8CB82838D4AB2B58B058C41D&Type=D

® Much of the information concerning the Georgia high school Economics was provided in a telephone interview
with Glen Blankensip, Associate Director and Chief Program Office for the Georgia Council on Economic Education.
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scores are only available for students who took the classes prior to completion of Economics—I
am provided with no information concerning a student after he or she completes Economics.
Economics was usually completed during 11" or 12" grade. Thus, I can assume that most
students in the data eventually graduated. However, the exact percentage of students who did

indeed graduate is not provided in the data.

In addition to test scores for the three EOCT (which are standardized to improve
interpretations), a host of control variables are included. | have grouped the variables into seven
categories: Family, peer, community, teacher, school, student, and time. Based on the results of
prior research in economic education, | expect that each of the variables discussed below will
correlate with Economics EOCT scores. Tables 1 and 2 provide a brief description and summary

statistics for these variables.
---Insert Table 1 Here---
---Insert Table 2 Here---

In my analysis, | attempt to create an education production function model. Variables are
placed into five distinct categories; (1) Family Effects, (2) Peer Effects, (3) Community Effects,
(4) Student Characteristics, and (5) Time Variables. The inclusion of these variables is based on

prior research and economic theory. A discussion of these variables follows.
1) Family Effects

The only family characteristics variable provided in the data is LowIncome, which equals

one if a student qualifies for free or reduced lunch based on Federal income eligibility
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guidelines.” For the 2007-2008 school year, students from four-person families with a
household income not exceeding $38,203 were eligible for free or reduced lunch. While some
economists have found that family income is indirectly related to a child’s schooling outcome,
(through parental ability, attitudes, expectations, schooling, etc. [Plug & Vijverber 2005; Davis-
Kean 2005; Shea 2000]), income is generally considered a causal determinant of schooling
success.™® Previous studies using a database similar to the one | employ found that family
poverty is inversely related to performance on the Economics EOCT (Clark et al. 2011; Swinton
2009). Thus, I expect to find a negative relationship between LowIncome and achievement on

the Economics EOCT. In my sample, 35.0% of students are characterized as Lowlncome.
2) Peer Effects

Peer ability (EconPeers) is simply the average standardized Economics EOCT score of
fellow students who all completed Economics at the same school, during the same year, with the
same teacher. Due to limitations in the data, there is not enough information to identify
Economics EOCT scores for students within the same class. However, EconPeers still manages
to provide a solid indicator of the degree of effort and success of a student’s peers in Economics.
A working paper (Clark et al.) shows that peer effects on the Economics EOCT do exist in this

data set—1 use a similar description for EconPeers as these authors.*!

% Income guidelines for 2007-2008 can be found here:
http://www.fns.usda.gov/cnd/governance/notices/iegs/IEGs07-08.pdf

1% Most of the literature seems to support both a direct and indirect effect of family income on a child’s schooling.
" Some of the data are flawed. For example, one teacher is shown to have hundreds of students and teach at
dozens of schools. Obviously, this is a mistake and is excluded from the data in the Clark et al. paper. However,
there are several additional teachers that are shown to teach at more than three schools. While this may very well
be the case, it is also possible to that this is an error in the data. | decided to exclude peer effects for all students
who had a teacher shown to teach at more than three schools within a given year.
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3) Community Effects

Because a student’s community influences his or her achievement (Owens 2010), it is
necessary to create community control variables. There are no community variables provided in
the original data, but | am provided with the district in which a student attends school. Using
data from the United States Census Bureau, | create five district-level controls. Dpopulation is
the population density (per square mile) of the district in which a student attends school.
Dincome is the average income within this district, while Dwhite is the percentage of residents
who identify themselves as “white”. While these three variables certainly do not completely
capture the characteristics of a student’s community, they should provide a snapshot of the

socioeconomic landscape of the students’ district.

A fourth distinct district level control is Tsalary, which is the average teacher salary
within a student’s school district. ** In Georgia, teacher salaries are based on experience and
training; two factors that could improve a teacher’s overall ability level, in addition to the district
in which a teacher in employed. By including this variable, I do not seek to analyze the ability of
a student’s economic teacher, but rather aim to gauge the overall educational prowess of a

student’s school district. The average district-level teacher salary in my sample is $48,341.

ClassSize, defined as the number of students divided by the number of teachers in a
district, serves as the fifth and final district-level variable. Although debated, some researchers
(Rivkin et al. 2005; Project STAR; Finn & Achilles 1989) have found that students from small
classes learn more than students in larger classes. Furthermore, class size is inversely related to

school funding—a higher ratio of teacher requires more spending per pupil. Thus, I suspect that

© Admittedly, students may transfer in and out of districts, diminishing the effectiveness of this variable.
Furthermore, teacher quality may differ within districts. Nonetheless, Tsalary likely provides some indication of a
student’s educational experience.
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ClassSize is a relevant variable, inversely related to a student’s overall academic performance,

including scores on the Economics EOCT.

4) Student Characteristics

The first student characteristic is race. Ethnicity is measured by four dummy variables:
Asian, Black, Hispanic, and Other. The control variable is White. Asian and white students
outperform all other races on the math section of the SAT, so it is expected that these two races
are also likely to perform comparatively well in high school economics. Within the literature,
there is a great deal of disparity—some find a significant correlation between race and
performance in economics courses (Clark, et al. 2011; Swope & Schmitt, 2006) and others do not
(Borg & Stranahan 2002; Lopus 1997; Mccoy & Brasfield, 1991). The NAEP indicate a
significant difference in test scores between whites and blacks, whites and Hispanics, Asians and
blacks, and Asians and Hispanics (Walstad & Buckles, 2008). It is possible that these
differences in scores are not significant once controlling for family income and other relevant
variables. I have chosen to include dummy variables for race to stay consistent with prior
literature in economic education, but acknowledge the possibility that race is merely spuriously
related to performance on a standardized economics exam. As indicated in Table 2, 38.4% of
students in the sample are Black, while 5.3% and 3.5% of students are Hispanic and Asian,

respectively.

The second variable in this category is Disabled, which indicates if a student is
characterized to have a disability. The Georgia Department of Education categorizes disability
based on the Individuals with Disabilities Education Act (IDEA), which states that a “child’s

educational performance must be adversely affected” to be considered disabled (Categories of
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Disability Under IDEA 1).** On the NAEP, students without disabilities outscored disabled
students 153 to 116. Because disabilities provide additional challenges for students, | expect
Disabled to be negatively related to one’s Economics EOCT score (Economics Report Card).

Seven percent of students in the data are classified as “disabled.”

| also expect that the dummy variable, Female, will be inversely related to performance
on the Economics EOCT. Between the years of 1970 and 2006, males outperformed females by
an average of 38.6 points on the math section of the SAT, indicating a gender gap in
mathematics. The cause of this gender gap is debated. It may be a result of socialization
(Jussim, 1996; Fryer & Levitt, 2009; Wigfield et al., 2002) or based on preferences (Eccles 1994;
Makri-Botsari 1999). Additionally, males are shown to have higher mathematical competency
beliefs at an early age (Eccles et al., 1993; Eccles, 1994; Marsh, 1989; Wigfield et al. 1997),
which may lead to a self-fulfilling prophecy as males extend more effort to the subject.

Regardless of the cause, a gender gap in mathematics likely leads to a gender gap in economics.

The final two variables, Algebra and Geometry, are the standardized EOCT scores in
Algebra I and Geometry. These two variables serve as the primary variables of interest in this
paper. Because there is a strong link between math and economics skills (Ballard & Johnson
2004; Hoag & Benedict 2010), | expect that Algebra and Geometry both positively correlate with

Economics EOCT scores.

B The specific conditions listed by IDEA: Autism, deaf-blindness, deafness, developmental delay, emotional
disturbance, hearing impairment, intellectual disability, multiple disabilities, orthopedic impairment, specific
learning disability, speech of language impairment, traumatic brain injury, and visual impairment, including
blindness.
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5) Time Variables

Additionally, it is necessary to include variables that account for time. For example, it is
possible that students taking Economics in 2006 may systematically differ from those taking it in
2008. If I do not account for the year in which the Economics EOCT was taken, regression
results would be biased. Econ2006, Econ2007, and Econ2008 provide the year when
Economics was completed. For example, Econ2008 indicates that about 35.3% of my sample

completed Economics in 2008.

The duration between Economics and the math courses may also correlate with outcomes
in Economics. EconAlgGap is the duration, in years, between Algebra | and Economics.
Generally speaking, a larger gap indicates a more successful student. While most students take
Economics in 11" or 12" grade, higher-achieving students are more likely to take Algebra I in 8"
or 9" grade, whereas many (typically low and medium-achieving) students may not take Algebra
I until their upperclassmen years. For this reason, EconAlgGap and EconGeoGap may serve as
proxies for student ability. A mean of 2.26 for EconAlgGap indicates that the average student
completes Economics 2.26 years after Algebra I. These values are based on the year and
semester in which a student completes these courses. For example, a student completing the
classes in the same semester and year would be given an EconAlgGap of zero, whereas a student
completing Algebra | one semester prior to Economics would be give an EconAlgGap of 0.5.
Unfortunately, only the year (as opposed to the year and semester) in which Economics was

completed is available in the data. Thus, | suspect that EconAlgGap and EconGeoGap for many

" This high rate is due to data collection issues. Algebra and geometry scores are not available for any students
prior to the second semester of 2004. Thus, many students who completed economics in 2006 took geometry
and/or algebra prior to data collection. Since all three test scores are not available for these students, the data are
omitted.
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students are incorrect by one semester. Fortunately, many Georgia High School are on the full-
year system, as opposed to taking different classes each semester—this mitigates the
miscalculations associated with these variables. Since EconAlgGap and EconGeoGap equal 2.26
and 1.76, respectively, one can surmise that, on average, students complete Geometry one-half

year (or one semester) after completing Algebra I.

V. Methodology

In my baseline regression, educational attainment (Economics EOCT score) is regressed
on characteristics of family, peers, community, student, and time. | employ ordinary least
squares for each regression. In addition to the variables below, teacher fixed effects are included

in each regressions. Regressions are specified as:

Econ; = Sy + p1Asian; + B.Black; + f3Hispanic; + S,0ther; + SsLowlncome; + fsEconPeers;
+ p;DPopulation; + fgDIncome; + foDWhite; + S1oTSalary; + f1:ClassSize; + f1oDisabled; +
SrsFemale; + p14Algebra; + S1sGeometry; + S16Econ2006; + S17Econ2007; + SigEconAlgGap;

+ EconGeoGap; + €; .

| expect that each of the above variables will be significant. Of utmost importance is the sign
and magnitude of Algebra and Geometry. While I fully expect B14 and Bss to be positive and

significant, the magnitude of $14and 15 may differ. Thus, | create a hypothesis test as follows:

Ho: B14 -B15 =0  (alternatively, f14 = f15)

Hal B14-B15 70 (alternatively B4 # f15)
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In order to estimate the model specified, many data must be excluded. This is largely a
result of the fact that Algebra or Geometry EOCT scores are not available for many students.

Table 3 provides the summary statistics for the primary model.
---Insert Table 3---

When considering what type of student is included in these data, it’s easiest to consider who
would be excluded. Firstly, anyone who does not take Geometry is obviously not included in the
model. Students that do not take Geometry are typically low-achieving. Generally speaking,
this explains why the average standardized Economics EOCT (Econ) and Algebra EOCT scores
for this restricted set are greater than zero.™ Secondly, any student who took Geometry or
Algebra I prior to 2004 is not included in the data. This explains why such a small percentage of
students in the primary model took Economics in 2006. Students not included for this reason
were likely above-average, based on the fact that the math course(s) was taken more than two
years prior to Economics.® Thus, the data for the primary sample excludes many low-achieving
and high-achieving students. As a result, the data for the primary model includes a slightly
higher proportion of “medium-achieving” students. This is indicated by the standard deviations,
which are less than one, for Econ, Algebra, and Geometry. Because the primary regression
utilized only a subset of data that obviously differs from the population, one cannot necessarily

generalize the results from the primary regression to all students.

| decided not to re-standardize these variables. By maintaining scores that are standardized for all data,
interpretations can be made more easily.

1% While almost all students took Economics as Juniors or Seniors, high-achieving students generally took Algebra |
and Geometry in an earlier grade.
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V1. Results

Table 4 provides the results from the primary regression, which includes all students for
which complete data are available. As indicated by the table, most of the variables are
significantly correlated with Economics EOCT score. Each of the race variables are inversely
related to performance on the Economics EOCT, which indicates that white students outperform
students from other races, net of other explanatory variables. The interpretations for these results
are simple. For example, a -0.18 coefficient for Black means that being black is associated with
a 0.18 standard deviation decrease on the Economics EOCT after controlling for other variables.
As expected, LowIncome is also inversely related to Economics EOCT performance. Thus, each
of the family characteristics variables exemplifies the predicted sign. Peer Economics EOCT
scores (EconPeers) is shown to exert a positive effect on a student’s Economics EOCT score.
While this may simply be a result of peers helping peers or learning by example, it is also
possible that this strong effect is a result of the degree by which a teacher prepares students for
the economics EOCT. In other words, if an Economics teacher spend a semester deliberately
preparing students for the EOCT, one would expect that the students would perform relatively
well on the Economics EOCT. Conversely, a teacher who spends more time with tangential
material can expect his or her students to perform poorly on the Economics EOCT. Thus, it
could be the teachers that are driving this result. While the interpretation is unclear, this variable

is relevant.

Of the community characteristics variables, only Dincome is statistically significant.
Teacher salaries at the district level are only marginally significant—in a two-tailed test, TSalary
is significant at the 0.1 level of significance. Average district-level class size (ClassSize) is not

found to correlate with Economics EOCT scores. The weak findings for the district-level data
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are a bit surprising, but may be a result of the benefits/costs of district-level effects being
absorbed by the math variables.!” As expected, Disabled is negatively related to Economics
EOCT performance and a negative coefficient for Female indicates that males tend to

outperform females.

The last four variables accounting for time are all significant. Econ2006 and Econ2007
are both positive and significant. This indicates that, within this restricted data set, students from
the earlier cohorts outperform students from 2008. Both EconAlgGap and EconGeoGap are
positive and significant. This is almost certainly due to the fact that students taking Algebra |

and Geometry at earlier grades are generally above average in Economics.

The two variables of interest—Algebra and Geometry—provide intriguing results. While
both of these variables are positively correlated with Economics EOCT Score and exhibit
relatively large coeffiicients, the magnitudes are quite different. Are the magnitudes statistically
significant? As discussed in section V, | construct a two-tailed hypothesis test to test for
different coefficients between Algebra and Geometry. Indeed, I find that the coefficient for

Geometry is significantly larger. The F-test statistic is:
F(1, 89481) = 253.94, p <0.0001

This statistic indicates a high likelihood that Geometry has more predictive power than Algebra
if the regression is properly specified. One potential foil to this model is multicollinearity driven
by the high correlation between Algebra and Geometry, which have a simple correlation of 0.73.
However, the variance inflation factor (VIF) indicates that multicollinearity is probably not a

concern to the integrity of this model. No variable possesses a VIF exceeding three and the

7 The benefits of high teacher salaries, for example, may enhance overall scholastic success. However, these
benefits may already be capture by success in the math courses.
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mean VIF is 1.72. There are clear ramifications to the discovery that, relative to Algebra EOCT
scores, Geometry EOCT scores are a better predictor of Economics EOCT performance. These

ramifications are discussed in detail in Section VII.

It seems likely that the order of math class-taking affects correlation between math EOCT
and Economics EOCT. For example, consider a student who takes Algebra I as a freshman,
Geometry as a junior, and Economics as a senior. The lessons learned from Algebra | may have
been forgotten, weakening the apparent correlation between Algebra and Economics. Perhaps
even more likely, a student’s effort may be a function of time, i.e., a student’s effort likely differs
less over a one-year period than a three-year period. This would also skew the coefficient values
for Geometry and Algebra perhaps inflating the coefficient for the more recent course completed.
The primary model accounts for this effect, but the time variables provide little interpretive

value. The following helps explore the effects of class order.

---Insert Table 5---

Table 5 includes only those students who took Algebra I and Geometry in the typical
order; Algebra I prior to Geometry. Not surprisingly, the effect of Geometry is substantially
greater than Algebra. The F-statistic testing for differing coefficients finds an F-test statistic of
247.30, which corresponds to a very, very low p-value. So, for students who take Algebra I prior
to Geometry, the effect of Geometry is larger. This is not surprising in the least since this

regression includes 96% of the data from the primary model.

---Insert Table 6---

Regression results presented in Table 6 include students who completed Geometry prior

to Algebra I. Only 2.3% of students for whom data for all necessary variables is available took
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Geometry before Algebra I. The reasons for taking the classes in this unusual order are
unknown, but may be a result of changing schools or altering educational goals. As can be seen,
the coefficients for Geometry and Algebra are quite different from prior models. Because
Algebra I was taken more recently, the coefficients for Algebra and Geometry are similar. A
two-tailed test for different coefficients finds an F- test statistic of 0.31 which corresponds to a p-
value of 0.58. While the coefficient for Algebra is nominally larger than the coefficient for
Geometry, there is no significant difference between these coefficients. From this regression, we
can clearly observe that the order of Geometry and Algebra I affects the results from the

regressions.

---Insert Table 7 Here---

Table 7 displays results for the regression that only includes students who took Algebra |
and Geometry concurrently. Although the order of classes seems to influence the apparent
correlation between the math EOCT and Economics EOCT, there will obviously be no such
effect in this regression. This regression only includes 1.3% of students for whom all necessary
variables are available. The only structural change to the model is the exclusion of
EconGeoGap, which is equal to EconAlgGap for this subset of students. With an F-test statistic
of 5.83, the coefficient for Geometry is larger than Algebra at the .025 level of significance.
When the bias of time is totally eliminated, a student’s Geometry EOCT score trumps his or her
Algebra EOCT score as a predictor of performance on the Economics EOCT. This regression
enhances the findings provided in primary regression. While the order of classes affects the
magnitude, Geometry correlates more highly with Econ, as indicated by results in the tables,

specifically Table 4 and Table 7.
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VII. Conclusions

Economic education researchers have found a clear positive association between math
and economics ability. However, only a few have tried to dissect this correlation by analyzing
specific math abilities. In this study, | analyze data from the Georgia Department of Education,
which includes all Georgia public high school students who complete a mandatory Economics
standardized test at the end of a mandatory Economics course during 2006, 2007, and 2008.
Various measures of demographics are included in the data along with performance on
standardized Algebra | and Geometry tests. Relative to Algebra I, | find that Geometry
standardized tests scores are more highly correlated with Economics standardized test scores. A

discussion of this discovery follows.

Geometry could be more highly correlated with Economics than Algebra because of
direct effects, indirect effects, or a combination of both. In other words, the correlation may or
may not contain a degree of causality. Suppose the effect is causal. Clearly, completion of
Geometry prior to Economics would improve student outcomes.*® An extrapolation of this result
might encourage college economic educators to encourage or mandate collegiate geometry prior
to any economics courses. While the current research does not assert that geometry ability

causes economics aptitude, this possibility cannot be dismissed.

The alternative possibility of non-causality is also interesting and worthwhile to
investigate. For a prospective student considering majoring in economics, [ often ask “Do you
have a strong math ability?” The current research shows that a more informative inquiry would

be “Are you good at geometry?” If high-achieving geometry students are more likely to succeed

¥ This may be a two-way street—perhaps the completion of Economics also improves a student’s chances of
succeeding in Geometry.
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in economics classes, it seems obvious that economic educators can take advantage and improve
the recruiting of students. If the results of this study are verified, geometry knowledge provides a
powerful tool of predicting a student’s Economics success. For example, the results from the
Geometry EOCT could be used to assist in determining enroliment for an Economics AP Course.
More investigation is needed to verify this finding and to see if similar correlation exists for
college students. | believe that the potential benefit for recruitment and class placement is the
strongest result from this paper. If the effect of geometry ability on economics aptitude is causal
or non-causal, economic educators should be able to use measures of geometry performance to

enhance predictions of a student’s success in an eCONOMICS course.

The findings may also impact the methods of modeling performance in economics
classes. Prior research analyzing the effects of math ability on economics performance generally
ignores the possibility that different math abilities correlate with math performance in different
magnitudes. Consider the following studies. Butler et al. (2001) analyzed the effects of math
ability on economics performance, using math SAT score as a proxy for math ability. Hoag and
Benedict (2010) ran a similar model, but utilized math ACT score instead of math SAT score.
This may seem to be a subtle difference, but the current research argues otherwise. In total,
45%"° of the math ACT is comprised of geometry questions compared to 25%-30%% on the
math SAT. The current research indicates that one cannot compare the results in these two
studies. Because the math ACT includes more geometry questions, the correlation between
scores on the math ACT and economics performance is probably larger than the correlation
between scores on the math SAT and economics performance. While more investigation is

needed, employing generic math ability control variables seems unwise.

¥ Source: Content Covered by the ACT Mathematics Test (2012)
Source: SAT Facts and FAQs
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Table 1: Variable Definitions

Variable Definition

Female One if female, zero otherwise

LowIncome Orne if student receives free or reduced lunch, zero otherwise

Asian One if student receives identifies himself/herself as Asian, zero otherwise

Black One if student identified himself/herself as black, zero otherwise

Hispanic One if student identified himself/herself as Hispanic, zero otherwise

Other One if student identified himself/herself as "other" race (not asian, black, or
white), zero otherwise

Disabled Orne if student is listed as a student with disabilities, zero otherwise

Econ Z-score on economics EOCT

EconPeer Z-score of peers on economics EOCT

Algebra Z-score on Algebra EOCT

Geometry Z-score on Geometry EOCT

ClassSize Average class size in school district

Dincome Average income of all citizens within school district

Dpopulation District population per square mile

Dwhite Percent of district population who are white

Tsalary Average salary for a teacher in school district
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Table 2: Summary Statistics for all Data

n=240,874
Variable Observations Mean Standard Deviation
Econ 240874 0.000 1.000
Asian 240874 0.035 0.183
Black 240874 0.384 0.486
Hispanic 240874 0.053 0.224
Other 240874 0.018 0.132
Lowlncome 240874 0.350 0.477
EconPeers 220167 0.018 0.587
Dpopulation 240496 1047.122 933.751
Dwhite 240496 62.497 17.107
Dincome 240496 51420.830 13165.600
Tsalary 240319 48341.380 1969.855
ClassSize 240319 14.594 0.839
Disabled 240874 0.070 0.256
Female 240874 0.519 0.500
Algebra 144852 0.000 1.000
Geometry 144996 0.000 1.000
Econ2006 240874 0.317 0.465
Econ2007 240874 0.330 0.470
EconAlgGap 144852 2.263 1.051
EconGeoGap 144996 1.762 0.847
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Table 3: Summary Statistics for Primary Model

90,845
Variable Mean Standard Deviation
Econ 0.007 0.909
Asian 0.029 0.169
Black 0.368 0.482
Hispanic 0.054 0.226
Other 0.018 0.133
LowlIncome 0.345 0.475
EconPeers 0.010 0.552
Dpopulation 981.802 873.620
Dwhite 63.325 16.893
Dincome 52050.460 13390.710
Tasalary 48253.640 1936.791
ClassSize 14.617 0.825
Disabled 0.053 0.225
Female 0.530 0.499
Algebra 0.164 0.998
Geometry -0.028 0.967
Econ2006 0.110 0.313
Econ2007 0.333 0.471
EconAlgGap 2.582 0.868
EconGeoGap 1.572 0.811
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Table 4. Results for Primary Model

Dependent Variable: Econ

Variable Coefficient It] P>|t|
Intercept -0.2641 0.45 0.649
Asian -0.2023 14.86 0.000
Black -0.1807 31.45 0.000
Hispanic -0.1447 14.61 0.000
Other -0.0608 3.88 0.000
LowlIncome -0.0545 10.82 0.000
EconPeers 0.2594 16.24 0.000
Dpopulation -0.0000 0.71 0.476
Dwhite -0.0009 0.75 0.453
Dincome -0.0000 2.57 0.010
Tsalary 0.0000 1.42 0.156
ClassSize -0.0187 0.83 0.408
Disabled -0.0824 7.58 0.000
Female -0.1669 41.17 0.000
Algebra 0.2004 47.68 0.000
Geometry 0.3442 64.82 0.000
Econ2006 0.1260 13.48 0.000
Econ2007 0.0543 10.09 0.000
EconAlgGap 0.0811 17.45 0.000
EconGeoGap 0.0860 17.73 0.000

n=92669 R?=0.581
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Table 5. Algebra prior to Geometry

Dependent Variable: Econ

Variable Coefficient It] P>|t|
Intercept -0.1110 0.18 0.860
Asian -0.2031 14.74 0.000
Black -0.1797 30.76 0.000
Hispanic -0.1431 14.21 0.000
Other -0.0592 3.72 0.000
LowlIncome -0.0548 10.64 0.000
EconPeers 0.2546 15.46 0.000
Dpopulation -0.0000 0.65 0.513
Dincome -0.0000 2.24 0.025
Dwhite -0.0014 1.00 0.315
Tsalary 0.0000 0.92 0.358
ClassSize -0.0171 0.72 0.471
Disabled -0.0795 7.19 0.000
Female -0.1664 40.27 0.000
Algebra 0.1999 46.32 0.000
Geometry 0.3451 63.71 0.000
Econ2006 0.1335 13.78 0.000
Econ2007 0.0595 10.82 0.000
EconAlgGap 0.1083 16.29 0.000
EconGeoGap 0.0662 10.45 0.000

n=89272 R®*=0.581




Table 6. Geometry prior to Algebra

Dependent Variable: Econ

Variable Coefficient It] P>|t|
Intercept 0.2071 0.04 0.966
Asian -0.1682 1.37 0.171
Black -0.1700 2.97 0.003
Hispanic -0.0289 0.32 0.750
Other -0.2134 1.53 0.127
LowlIncome -0.0164 0.41 0.681
EconPeers 0.4060 2.99 0.003
Dpopulation -0.0001 0.41 0.682
Dincome " -0.0000  0.20 0.841
Dwhite -0.0005 0.08 0.940
Tsalary 0.0000 0.42 0.672
ClassSize -0.1383 0.81 0.415
Disabled -0.1778 1.91 0.057
Female -0.1734 4.75 0.000
Algebra 0.2428 8.96 0.000
Geometry 0.2162 5.38 0.000
Econ2006 0.1221 1.86 0.064
Econ2007 0.0147 0.30 0.764
EconAlgGap 0.0036 0.10 0.923
EconGeoGap 0.0917 2.14 0.032

n=2184 R?=0.650




Table 7. Algebra and Geometry Concurrent

Dependent Variable: Econ

Variable Coefficient It] P>|t|
Intercept -0.7975 0.16 0.872
Asian -0.0631 0.35 0.730
Black -0.1434 1.92 0.056
Hispanic -0.1713 1.65 0.099
Other -0.0244 0.11 0.916
LowlIncome -0.0856 1.52 0.129
EconPeers 0.2420 1.15 0.249
Dpopulation 0.0005 1.54 0.125
Dincome " -0.0000 1.67 0.096
Dwhite 0.0252 1.17 0.241
Tsalary 0.0000 0.54 0.590
ClassSize -0.0709 0.25 0.802
Disabled 0.1601 1.11 0.266
Female -0.1415 2.75 0.006
Algebra 0.1882 4.48 0.000
Geometry 0.3872 7.34 0.000
Econ2006 0.1020 1.20 0.231
Econ2007 " -0.0332 0.46 0.646
EconAlgGap 0.1034 2.67 0.008

n=1213 R*=0.737
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