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RESEARCH ARTICLE

Drivers of school performance over time: Evidence from
public schools in the United States

Allison Jennifer Ames'~  Simone Angioloni? Glenn C. W. Ames?

Abstract: Few studies have analyzed the effect of the drivers of school performance over time. This
research investigates how school-level student characteristics, such as funding and student-teacher ratio, influence
school academic performance in the short-term and in long-term, a key differentiating feature of this work from
other studies. Our focus is on the United States state of Georgia, but the setting of Georgia reflects conditions
throughout the U.S.: considerable variation between schools in achievement and resources. In this study, school
performance is defined as the proportion of students that meet or exceed benchmarks on end of year exams. Study
findings indicate that teacher experience, measured by average number of years teaching, and student-teacher ratio
exhibit the largest effect in both the short and long-term. Poverty rate exhibited a strong negative effect on school
performance, confirming previous studies. However, poverty rate had the most impact in the STEM subjects of
math and science. School funding did not show any significant effect in school performance in the short-term,
but a significant positive effect in the long-term, such that increased school funding per pupil improved school
performance in future years. Our results indicate that investing resources to increase the number of teachers and
hiring teachers with more experience can be economically more effective than simply increasing the per-pupil

spending, at least in the short-term.
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1 Introduction

School resources such as funding, quality and experi-
ence of teachers, learning environment, and infrastructure
affect individual student performance and, taken together,
school performance as measured by the percentage of
students who meet or exceed state mandated levels of
competencel! !, Wide disparities characterize education-
funding levels among states in the United States (U.S.),
ranging from $18,165 per pupil in New York State to
$5,838 in Idaho in 2014. Even when accounting for re-
gional costs differences, the U.S. state of Georgia ranked
No. 38 in the nation in educational funding per student at
$8,067*!. Deep cuts to public education funding in the
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last 16 years, 2003 to 2018, reduced state funding by $9
billion'®!. When the state reduces funding for education,
local property taxes cover the shortfalls where possible
in Georgia, where, on average, local taxes generate about
40% of the funding for K-12 education in Georgia.

In addition, there are large differences in funding
among school districts within the same U.S. state, prompt-
ing development of an equity factor under Title I Part A
of the No Child Left Behind Act. School districts with
smaller tax bases, such as those in rural areas, are dispro-
portionately affected by spending cuts. In the geographic
center of the state of Georgia, for example, 13 years of
austerity cuts have been especially detrimental to school
districts where many school districts are worse off than
10 years agol®!. School districts with declining revenue
from property taxes responded by furloughing teachers,
increasing class sizes, and eliminating elective subjects
and extracurricular activities altogether'.

In the U.S., the proportion of students meeting or ex-
ceeding a standard on standardized testing determines
the level of school performance, which many states re-
view annually. Moreover, schools that do not meet the
criteria can be threatened with administrative takeover. In
2017, the Georgia General Assembly created the position
of Chief Turnaround Officer to work closely with low-
scoring schools to design and implement reforms to raise
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students’ preference to meet state-mandated standards!®!.

This study uses school-level data for several reasons.
First, numerous studies indicate that a school’s charac-
teristics, such as poverty, high student-teacher ratio, and
limited funding, among others, shape the students’ learn-
ing experience and educational performance!®®!. Second,
educational policymakers hold schools accountable for
the academic performance of their students, recognizing
and rewarding schools according to the aggregate student
performance on standardized tests. That is, schools are
not rewarded for individual students’ performances, but
how the school does as whole. Currently, the Governor’s
Office of Student Achievement uses the annual College
and Career Ready Performance Index (CCRPI) to deter-
mine which public schools, mainly elementary schools,
will be placed on the state’s list of Turnaround Eligible
Schools. CCRPI scores are based mainly on aggregated
student scores on end of year achievement tests at the
school level. Third, this approach has a clear interpre-
tation. The school’s characteristics can be considered
inputs in the educational production function, whereas
the achievement score is the output'® 11,

In this environment, a school’s achievement scores im-
pact future resources for the school. Schools may be
located in geographical regions that are characterized by
poor provision of basic services, reduced job opportuni-
ties, low income, racial segregation, and a high concen-
tration of single-parent families. The result is clusters
of low-performing students in low-performing schools,
as measured by the percentage of students meeting state
mandated levels of competency on annual standardized
tests. This generates a devastating cycle of inequality:
low performing schools have a limited capability to at-
tract resources and this generates further inequality over
time. Georgia has a complex school funding mechanism
known as the Quality Basic Education formula that aims
to reduce the disparities in local district resources for ed-
ucation. Georgia offers equalization grants to schools,
but these grants have been reduced, especially during the
Great Recession when the state collected less tax revenue.
For a discussion of reestablishing the level of equalization
grants to local school districts at a higher percentage level
see Owens!> 1,

1.1 Poverty, school resources, and school per-
formance

The long-term consequences of the Great Recession,
which began in 2007, greatly amplified the impact of
poor resources on school performance. In the U.S., the
recession translated into tighter budgets and decreased
spending per pupil. For example, in Georgia, the state
reduced funding to local school districts by $1 billion

annually from fiscal years 2010 to 20145, Additionally,
part of the school resources financed through local prop-
erty taxes substantially declined during the Great Reces-
sion. The consequences of funding cuts included larger
class sizes and reduced support staff, such as social work-
ers, counselors, and intervention specialistsm. Moreover,
increased expectations for student achievement simulta-
neously accompanied fiscal austerity. Combined, these
factors created a disconcerting scenario for educational
achievement.

Among the socio-economic factors that affect educa-
tional achievement, poverty and hunger play a fundamen-
tal role. The percentage of students in a school who
qualify for the federal National School Lunch Program
(NSLP), which provides free and reduced-priced lunches,
captures some of this socio-economic environment af-
fecting schools. For example, Figure 1 illustrates the
relationship between the poverty rate, as measured by the
percentage of students eligible to participate in the free
or reduced-price lunch program and the percentage of
the 4th grade students that met or exceeded the standard
of the Georgia Criterion-Referenced Competency Tests
(CRCT) in mathematics. In general, a strong inverse re-
lationship is present throughout the state. The negative,
heterogeneous relationship appears persistent over time;
no apparent substantial changes in these relationships
were observable between 2011 and 2014.

Reardon!!'?! summarized much of the research on the
widening income-academic achievement gap of U.S. stu-
dents over the last 50 years and concluded that structural
changes in the economy, widening income inequality,
changing family structure, the college completion rate
among high versus low-income families, and other fac-
tors have had important consequences for children’s aca-
demic success and future career (p. 6). Furthermore,
academic success has become increasing equated with
standardized test scores for parents, school districts, state
and national policy makers. Reardon further argues that
states and school districts should devote greater resources
and educational efforts to the earliest grades, including
kindergarten and preschool, because academic achieve-
ment gaps are self-perpetuating. Early intervention is
warranted if educators want to reduce them or eliminate
them in the long run (p. 6).

In addition to poverty, there are a series of related ed-
ucational and socio-economic factors, such as per pupil
spending and the student-teacher ratio, affecting the per-
formance of a school in the short- and long-term. How-
ever, there has been little research on the lasting impact
of these factors on academic achievement across multi-
ple time periods. Bjorklund-Young!'®*! summarizes the
leading research on the fundamental question, “Does an
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Figure 1: Mathematics Achievement Score and Poverty Rate in Georgia Public Schools, 2011 & 2014. School district

averages weighted by the number of students

increase in education funding yield better educational out-
comes?”’ She concludes that “Prominent researchers, in-
cluding the sociologist James Coleman and the economist
Eric Hanushek find no significant relationship between
funding and educational outcomes, usually defined as
student achievement on standardized tests” (p. 1). How-
ever, more recent findings!'¥ show that increased funding
can improve educational outcomes, when that funding is
spent on specific kinds of programs or improvements.

Jackson et al'"¥ measured the impact of increased
school funding on student learning by using long-run
student outcomes, such as educational attainment, high-
school graduation, adult wages, adult family income, and
incidence of poverty as an adult. They find evidence that
funding for specific initiatives, such as increased instruc-
tion, better support services, decreased teacher-student ra-
tios, longer school days, and increased teachers’ salaries,
can be an effective way to boost student achievement
under certain circumstances!'#!.

While many long-term outcomes are associated with
test scores—for example, students with higher test scores
are more likely to graduate from high school—there are
additional benefits for the school system and the wider
economy. Jackson et al. concluded that increasing per-
student spending by 10% in each of the 12 years a student
is in school increases the number of years students attend
school by 0.3 years, increases future wages by 7%, and
decreases annual adult poverty by 3.2 percentage points,
on average. Further, the study finds that these effects
are larger for students from low-income and minority
backgrounds!'*!,

1.2 School-teacher ratios

Numerous studies indicated that lower student-teacher
ratios can improve student performance, especially in sci-

entific subjects such as mathematics and physics!'> %],

Schools with higher student-teacher ratios are usually
located in inner city public schools!'?!. Moreover, consol-
idated research indicated that pupils who attended schools
with a lower student-teacher ratio can earn a higher wage
as adults than pupils from schools with higher student-
teacher ratios!!”!,

Hirn, Hollo and Scott!'8! analyzed teaching practices in-
side the classroom that predict student success in schools
where most students live in poverty. Their results “sup-
ported the hypothesis that teacher-student interactions
differed in high- and low-achieving schools” (p. 43).
Teachers in high-preforming schools provided students
with more frequent opportunities to respond to group-
directed instructional activity than in low-preforming
schools. They also cited other research that showed
that high-poverty neighborhood schools tended to employ
teachers with less experience, lower levels of education,
and lower retention rates than schools in wealthier areas
(p- 38). Years of teacher experience is an important fac-
tor the level of academic performance for students and
schools in this study.

1.3 Research questions

A review of the relevant literature raises important re-
search questions about factors affecting school perfor-
mance in Georgia. Our specific research questions are:
Does an increase in school resources, such as funding,
yield better school performance when differentiated by
subject matter? How does the poverty rate of the surround-
ing communities, as measured by the share of students
eligible to participate in the National School Lunch Pro-
gram, impact school performances? How do years of
teachers’ experience and student-teacher ratios impact
school performance? These seemingly straightforward
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questions have yet to be explored over multiple years and
across subject matter.

The purpose of this research is to extend previous work
on the drivers of school performance, with an emphasis
on both the short- and long-term effects of school-level
resources and educational achievement, focusing on pub-
lic schools in Georgia during a four- year span from 2011
to 2014, a period immediately after the Great Recession.
Specifically, this study analyzes the relationship between
a series of socio-economic status factors and the short-
and long-term effects on school performance using re-
sponse elasticities. An additional contribution of the study
is that we differentiate the results by academic subject,
namely Reading, Mathematics, English Language and
Arts (ELA), Social Studies, and Science.

The balance of this paper is organized as follows: the
method section describes the econometric approach em-
ployed to estimate the short and long-term effects and the
strategy to control for endogeneity and the data sources
and the definition of the variables. Then we show the
results while the conclusions and implications are drawn
in the final section.

2 Methods

To investigate the relationship between socio-economic
factors and achievement scores, panel-data techniques
are employed in this research for each academic subject
area. When the school’s characteristics affect the current
and future educational performance of its students, it
is plausible that this effect progressively decreases over
time. That is, the current characteristics have a stronger
effect on the school performance than the characteristics
one period ago, two periods ago and so on (inertia). If
so, the persistent effect of the school’s characteristics
on the achievement score can be modelled by lagging
the dependent variable, i.e. the achievement score!'*-2",
Specifically, the estimated model is:

Yit = Nir—1 + Bo + Bixaie + -+ Br Xwit + € (1)

where the subscripts i and ¢ identify the i** school and
the ! time period (t = 4 for years 2011- 2014). The
dependent variable, y;;_; is an indicator of academic
achievement and the lagged dependent variable, y;;, is
an indicator of academic achievement in the previous
time period. For this study, y;; is subject-specific and
represents, for example, end of grade scores for mathe-
matics achievement in time ¢. Specifically, the dependent
variable represents the proportion of children achieving
proficiency in the end of grade test. End of grade scores
(proportion of children achieving proficiency) for mathe-
matics achievement in the previous year would be repre-

sented by y;;_1.

The ~ independent variables are represented by
X1---Xx- Both the dependent variable and all bounded
independent variables were log-transformed. The error
term €;; is assumed to follow an autoregressive process
of order one (i.e., AR(1)). More precisely, lagging the
dependent variable generates an AR(1) process of the er-
ror term by construction!?”). The resulting 3, estimates
from the model in Equation (1) represent the short-term
response elasticity. For example, if Bpoperiyrare = -0.03,
the interpretation is that a 1% increase in the poverty rate
of the school decreases the percent of proficient students
in the specific subject by .03%. The \ parameter is the co-
efficient of the lagged dependent variable. The long-term
elasticity is 8,./(1-)).

This statistical modeling approach has several advan-
tages. The inclusion of the lagged dependent variable
allows the unobserved heterogeneity, which is the unob-
served quality of the school in this study, to be correlated
with the observed school’s characteristics, and this should
control for the omitted variable bias?"?2!. Second, tra-
ditional techniques, such as fixed effects models, can
produce inconsistent estimates and too large standard er-
rors when the panel-data exhibits limited within-groups
variation!?>~>1, Table 1 indicates that the between-groups
variation explains at least 75% of the total variance of the
achievement score in all the academic subjects. Third,
adding a lagged dependent variable allows for testing
of the relationship between school resources and school
performance over time. In particular, it will be possible
to recognize between short-term effects from long-term
effects.

Table 1 Analysis of variance of the achievement scores
(multiplied by 100)

Sum of Squares

Variable

Within-Groups Variation Between-Groups Variation
Reading 7.84 (0.25) 23.33 (0.75)
ELA 7.04 (0.20) 27.83 (0.80)
Social 15.53 (0.14) 95.66 (0.86)
Math 13.6 (0.17) 66.67 (0.83)
Science 12.42 (0.13) 80.44 (0.87)

Note: In parenthesis, the percentage of the total variation due to the group variation

2.1 Data and definition of the variables

The data come from three sources: the Georgia Depart-
ment of Education?*28_ the Governor’s Office of Student
Achievement!®!, and the National Center for Education
Statistics®”!; see Table 2. Georgia law mandates an an-
nual assessment of students’ mastery of the curriculum for
students in grades one through eight*’!. These examina-
tions are referred to as the Georgia Criterion-Referenced
Competency Tests (CRCT) in reading/English/language
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Table 2 Variable definitions and source

Source

Variable Name Description
. Share of 4th grade students who met or exceed the standard of the CRCT in reading (dependent
Reading variable).
Share of 4th grade students who met or exceed the standard of the CRCT English language and
ELA ;
arts (dependent variable).
Socia Share of 4th grade students who met or exceed the standard of the CRCT in social studies
ocial :
(dependent variable).
Science Share of 4th grade students who met or exceed the standard of the CRCT in science (dependent
variable).
. Share of 4th grade students who met or exceed the standard of the Criterion Reference
Mathematics

Competence Test (CRCT) in mathematics (dependent variable).

Georgia Department of Education
Georgia Department of Education
Georgia Department of Education
Georgia Department of Education

Georgia Department of Education

Poverty Rate under the National School Lunch Act.

School Size Proxy (Students) Number of 4th grade enrolled students in the school.
Teacher Experience
Student-Teacher Ratio
Absenteeism (days)

Annual Spending Per Student
(USD)

Average number of absenteeism days in the school.

Share of 4th grade students eligible to participate in the free or reduced-price lunch program

Average Years of Experience of PK-12 teachers in the school.
Full-time equivalent students divided by full-time equivalent teachers in the school.

Annual spending per full-time equivalent student in the school.

National Center for Education Statistics

National Center for Education Statistics

The Governor’s Office of Student Achievement
The Governor’s Office of Student Achievement
The Governor’s Office of Student Achievement

Georgia Department of Education

Note: Annual spending per student adjusted with the Consumer Price index of the Atlanta-Georgia area 2011 base year

[36]

Table 3 Mean and Standard Deviation of Variables for Academic Years 2011-2014

2011 Mean (SD)

2012 Mean (SD) 2013 Mean (SD) 2014 Mean (SD)

English Language Arts (ELA) 89.95 (8.34)
Mathematics 78.72 (14.2)
Reading 89.14 (8.91)
Science 79.22 (14.46)

Social Studies

Absenteeism (days)

Teacher Experience (years)
Poverty Rate

Spending Per Student (USD)
Student-Teacher Ratio
Number of Students

76.67 (16.48)
5.99 (0.96)

13.94 (2.44)

64.65 (25.07)
6218.87 (1695.89)
14.99 (1.81)
105.35 (49.17)

89.03 (8.88) 89.03 (8.88) 87.49 (9.47)
82.75 (13.02) 82.75 (13.02) 80.03 (14.14)
91.62 (7.2) 91.62 (7.2) 92.84 (6.79)
81.06 (13.9) 81.06 (13.9) 79.03 (14.9)
79.33 (15.28) 79.33 (15.28) 79.11 (15.65)
6.91 (0.93) 6.32 (1.35) 7.00 (0.99)
14.06 (2.45) 13.96 (2.48) 13.7 (2.53)
65.87 (25.12) 68.33 (26.45) 69 (27.14)
6099.62 (1674.93) 5852.99 (1623.72) 6001.88 (1703.15)
15.36 (1.87) 14.64 (1.85) 14.44 (1.84)
104.84 (49.01) 105.38 (50.49) 106.71 (51.69)

Note: Mean of the Reading, ELA, Social Studies, Mathematics, and Science variables is the percentage of students who met or exceeded the standard of the CRCT in academic year 2011-2014.
Mean poverty rate is the average percentage of students who were eligible to participate in the free or reduced-price lunch program under the National School Lunch Act. Absenteeism data are
provided in intervals: 0-5 days, 6-15 days, more than 15 days. The mean number of absenteeism days was calculated considering 2.5 days for the first interval 10.5 days for the second, and 23
days for the third one. SD represents the Standard Deviation. All the rates are multiplied by 100

arts and mathematics. The CRCT assess the students’
knowledge and skills of the state mandated content stan-
dards for each grade level. Students in the third, fifth
and eighth grades cannot be promoted to the next grade
if they do not achieve grade level performance on the
CRCT tests. In the 2014-2015 school year, the Georgia
Milestones Assessment System (Georgia Milestones)*"!
replaced the CRCT test. The Georgia Milestones is a
more comprehensive examination, including a writing
component, but the objectives of the assessments are sim-
ilar. However, these two assessment systems cannot be
combined, as the scale, student learning outcomes, and
proficiency standards are not the same. Moreover, the
CRCT test scores provide a larger time span than the
Georgia Milestones and, consequently we focus on that
measurement of school performance.

In this study, the independent variables are poverty rate
(National School Lunch Program participation, NSLP),
school size (number of students), teacher experience (av-
erage number of years teaching), student-teacher ratio,
absenteeism rate (days per pupil), and spending per stu-
dent in U.S. dollars. Summary statistics of the studied
sample are provided in Table 3.

Admittedly, NSLP participation is an imperfect self-
report for poverty. However, there is supported ratio-
nale for using NSLP as a proxy for poverty. Snyder and
Musu-Gillette®!! detail the argument for and against us-
ing NSLP as a proxy for poverty and conclude, “Because
the free/reduced price lunch eligibility is derived from
the federal poverty level, and therefore highly related to
it, the free/reduced price lunch percentage is useful to
researchers from an analytic perspective.” For this reason,
we use NSLP participation rates to represent poverty rates
in the school.

2.2 Model estimation

The models were all estimated in Stata version 133!
using maximum likelihood estimation by allowing the
variance-covariance matrix of the error term to follow an
auto-regression with lag-1 (i.e., AR(1)) process within a
panel (i.e. a school), but being fixed across panels. All
standard errors were computed using bootstrap methods
(500 replications). Overall, the models exhibited good fit
for all subjects. The coefficient of determination, R?, indi-
cates that the explanatory power of the model ranges from
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Table 4 Model results: Estimation of the achievement scores in selected disciplines with respect to school and student

characteristics
Dependent Variable Reading ELA Social Studies Math Science

B SE B SE B SE B SE B SE
Lagged Dependent Variable 0.68%##* 0.02 0.76%#* 0.02 0.74#%% 0.02 0.807%#* 0.03 0.84##* 0.02
Poverty Rate -0.01 %% 0.0014 -0.027%%% 0.002 -0.03 %% 0.0031 -0.03 %% 0.0044 -0.027%5%% 0.0033
Number of Students 0.004* 0.0022 0.01%%* 0.0034 0.02%#3%* 0.01 0.01%#%* 0.0046 0.01* 0.0047
Teacher Experience (years) 0.01%*** 0.0049 0.027%** 0.01 0.04%** 0.01 0.02* 0.01 0.03** 0.01
Student-Teacher Ratio -0.037%#% 0.01 -0.04#5%% 0.01 -0, 115 0.02 -0.06%* 0.03 -0.06%#%* 0.02
Absenteeism (days) -0.001 0.01 -0.01 0.01 -0.01 0.01 -0.02 0.01 -0.005 0.01
Spending Per Student (USD) 0.01 0.02 0.02 0.04 0.05 0.07 0.03 0.05 -0.03 0.04
Constant .34 0.12 0.71 %% 0.16 1.75%%% 0.31 0.71%%* 0.32 1.397%s4% 0.29
Eit—1 0.33%%* 0.02 0.307%#* 0.01 .33 0.03 .32 0.01 .24 0.01
Sigma 0.05 0.07 0.12 0.12 0.11
R? 0.80 0.77 0.83 0.78 0.83
F-test Overall Fit (9,1065) 636.73%#* 613.34#5%* 767.32%%% 557.74%%% 812.66%**

Note: All the dependent and independent variables were log-transformed, SE are bootstrapped standard errors based on 500 replications drawn from 1,066 schools,

statistical significance at the 1%, 5% and 10% level, respectively. Time fixed-effects are present for all models

Table S Short-term and long-term elasticities of the achievement score

sk ek and * indicate

Short-Term Elasticities

Reading ELA Social Math Science
Poverty Rate -0.01 %% -0.027%** -0.03 % -0.03%#* -0.02%%*
Number of Students 0.004* 0.007+#* 0.020%** 0.012%*%* 0.009*
Teacher Experience (years) 0.01%** 0.02%* 0.04%** 0.02* 0.03%*
Student-Teacher Ratio -0.03%*** -0.04%** 0.1 -0.06%* -0.06%**
Absenteeism (days per student) -0.001 -0.01 -0.006 -0.018 -0.005
Spending per Student (USD) 0.01 0.02 0.05 0.03 -0.03

Long-Term Elasticities

Reading ELA Social Math Science
Poverty Rate -0.03%*** -0.09%** -0.10%#* -0. 14 -0.14%%*
Number of Students 0.01%#%#* 0.03#** 0.08%:* 0.06%** 0.06%+**
Teacher Experience (years) 0.04##* 0.10%** 0.15%s%* 0.1 1% 0.17%#%*
Student-Teacher Ratio -0.09%#* -0.15%** -0.44k -0.32 %k -0.34%%*
Absenteeism (days per student) 0.00 -0.04 %% -0.02 -0.09%** -0.03%*
Spending per Student (USD) 0.04##* 0.097%#* 0.18%** 0.15%*%* -0.17%%*

Note: The short-term elasticity corresponds to the coefficient of the poverty rate variable from Table 3. The long-term elasticity is Bs¢ /(1 — X) where B¢ is the short-term elasticity and X is
the coefficient of the lagged dependent variable from Table 3. The statistical significance of the long-term effect is estimated with the delta method from the bootstrapped variance-covariance

matrix. ***, **_ and * indicates statistical significance at the 1%, 5%, and 10% level

0.77 for the English Language Arts (ELA) assessment
model to 0.83 for Social Studies and Math models (see Ta-
ble 4). Table 4 presents the estimated model coefficients
and Table 5 summarizes the short term and long-term
elasticities.

2.3 Ethics

Because this is a secondary analysis of aggregate data,
the study is IRB exempt.

3 Results

3.1 Elasticities

In general, when all the variables of the regression
equation are log-transformed, the coefficients indicate
the approximated percentage change of the dependent
variable for a one percent increase of the independent
variable. However, when the magnitude of the estimated

coefficients is around zero, as in this case, the coefficients
can be interpreted as the exact change of the dependent
variable, making the analysis of elasticity straightforward.

Regarding the short-term effects, the top panel of Table
5 indicates that four variables are statistically significant:
poverty rate, teacher experience, student-teacher ratio,
and residually, the number of students. With respect
of the poverty rate, the direction and magnitude of the
short-term elasticities are consistent across subjects, rang-
ing from -0.1 for Reading to -0.3 for Social Studies and
Math. This means, for instance, that if the percentage of
students eligible for NSLP increases by 1%, the school
achievement score in mathematics decrease by 0.03% in
the short-term, i.e. next year.

3.2 Educational achievement

Additionally, the coefficients of teacher experience and
the student-teacher ratio were in the hypothesized di-
rection and were statistically significant (see Table 5).
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As the amount of teacher experience increases, so do
achievement scores in academic disciplines, as expected.
Conversely, as the student-teacher ratio went up, student
achievement declined. Teachers have less time to devote
to their students’ learning needs when administrative re-
sponsibilities in the classroom increase. Notice also that
the number of students has a positive effect on the achieve-
ment score. School size is measured by the number of
students enrolled in the 4th grade as an indicator of school
size and there is substantial evidence of the positive effect
of economies of scale in public education!®!.

3.3 School spending per student

Finally, spending per pupil did not show any statisti-
cally significant short-term effect. While there was consid-
erable variability in funding support per student through-
out Georgia’s elementary schools, total spending per stu-
dent did not appear to influence educational achievement
as much as other factors in the analysis, when controlling
for the other variables in the model. This result is not
surprising as “. .. decisions about resource use are made
by many actors and at many different levels of the system,
so very few, if any, resource decisions are controlled at
the school site”33!, Further, Roza states, “the reality for
most schools is that they have little, if any, input into how
resources are used in their schools”**!, Individuals, state
leaders, and distant stakeholders outside of the school site
make resource decisions. This creates an unsavory en-
vironment for school-based accountability when federal
and state policies are designed to hold schools responsible
for student performance!®*.

3.4 Long-term elasticities and educational
achievement

The bottom panel of Table 5 presents the long-term
elasticities. Long-term elasticity results indicate that
the factors exhibiting the largest long-term effect on the
school performance are related to the teacher characteris-
tics, namely teacher experience and student-teacher ratio.
Table 5 shows that the elasticities of the teacher experi-
ence range from 0.04 to 0.17 while those of the student-
teacher ratio range from -0.09 to -0.44. This because
the long-term effect represents the cumulative impact of
a series of annual or short-term impacts. These results
are consistent with the findings of Jackson, Johnson, and
Persicol'¥, who concluded that funding for specific items
such as lower teacher/student ratios can be an effective
way to raise student achievement. Other research has
also shown that primary school students, especially low-
income students, benefit from smaller class sizes34.

The long-term effect of the poverty rate on the school

performance indicates an interesting pattern. These long-
term elasticities range from for Reading to for Science and
Math. In particular, Science and Math show a stronger
negative effect: if the poverty rate increases by 1% in
the current school year, this will decrease long-term
STEM achievement scores by 0.14%. Thus, the impact
of poverty is more persistent in the STEM subjects. Con-
versely, in the humanities, the long-term elasticities are
smaller, but still negative. They are and for Reading, ELA,
and Social Studies achievement scores, respectively. That
is, the long-term impact of school-level poverty is small-
est for Reading and largest for STEM subjects. Finally,
although the short-term effect of spending per pupil and
absenteeism are not statistically significant in any aca-
demic subject, they are in the long-term effects. Three
out of five academic subjects show statistically significant
elasticities at the 1%-5% level for the absenteeism rate.

4 Discussion and conclusions

Previous studies have rarely considered the differential
effect of school resources on school performance over
time. This research investigated this relationship with
respect to five academic subjects: Reading, Mathematics,
English Language Arts, Social Studies, and Science. We
focused on the academic achievement of 4" grade pub-
lic school students in Georgia given the wide disparities
that characterize the educational system of this country
and this state in particular'>*!. We employed a lagged
dependent variable to control of (dynamic) unobserved
school characteristics and to generate short and long-term
effects. This allowed us producing robust results to test
whether the school characteristics had a differential effect
over time.

We found that the factors associated to the teacher
characteristics, namely the teacher’s experience and the
student-teacher ratio, show the largest effect on the school
performance, in the short and long-term. With respect
to previous studies, we did not find that this effect is
especially strong in scientific subjects!'> ', Interest-
ingly, we found that this differentiated effect is present for
the poverty rate with STEM subjects (math and science)
which are mostly affected in the short and long-term.

Our findings can help to explain the apparent ineffec-
tiveness of school funding on the school performance
indicated in previous studies!!>?3!. Our results indicate
that the short-term effect is not significant across the five
academic subjects, but it is in the long-term. A possible
explanation is the funding system in the U.S. is quite
heterogeneous with overlapping of financial resources
at the federal, state, and local level. Moreover, at the
end of every academic years the most highly performing
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schools are awarded with additional funding while sup-
plementary financial resources are allocated to the lowest
performing schools as part of legislative initiative and
social programs!®}!. The result is that all these resources
are allocated on annual basis in an inconsistent way and
their effect disappear, statistically speaking.

In terms of policy implications, our results suggest
that the state and district budgets should plan the allo-
cation of financial resources over several budget cycles
according to the long-term school performance elastic-
ity!"l. Our results indicate that investing resources to
increase the number of teachers and hiring teachers with
more experience can be economically more effective than
simply increasing the per-pupil spending, at least in the
short-term. Finally, poverty rate has a strong detrimental
effect on the school performance, but this appears to be
related to the community’s socioeconomic situation and
the enrollment boundaries of the school district; that is,
the geographic area from where students are eligible to
attend a school and where their families live and work!®!.

Moreover, Reardon!'?! argues that neighborhood
schools are increasingly segregated by family income
strata resulting in a social-class gap with children from
lower income families having fewer resources to devote to
learning readiness than higher income families (p. 3). He
concluded that the widening income-academic achieve-
ment gap for children in U.S. is correlated to the extent
to which families invest their time and money in their
children’s education. High-income families spend nearly
seven times as much on their children’s development as
low-income families (p. 5). Thus, these conditions per-
petuate a widening income-academic achievement gap
over time.

Future research should extend the approach highlighted
in this study to analyze the relationship between school
resources and school performance for a longer period,
ideally from the first grade to the eighth grade. This
would allow for studying the persistence effects of school
socioeconomic characteristics and resources on their per-
formance over time. Whether these findings generalize
to international education systems is another important
area of study. In addition, the state of Georgia changed to
the Georgia Milestones in the 2014-2015 academic year.
Whether the trends found with the CRCT scores hold for
the Georgia Milestones assessment is another important
next step.

Another important predictor to be examined is the di-
versity of school faculty and administrators. In Georgia,
students of color in education majors grew 14 percent
from 2006 to 2014 while the increase in students of color
in the overall student body amounted to a 10 percent
increasel®”). The hiring of more teachers of color is an

essential predictor in future research. Despite the need
for future research, this study has contributed an impor-
tant finding related to the drivers of short- and long-term
achievement, differentiated by subject matter area.
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