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Yearly Changes in Education Expenditure and Changes in Student Performance

Abstract

Using data from the state of Florida in the 2000s, we dispute the findings of the Coleman report. We find
that there is a positive relationship between changes in expenditure per pupil and changes in academic
performance. This study takes advantage of changes in expenditure resulting from the Great Recession
to formulate a quasi-experimental analysis of the relationship between expenditure per pupil and
academic performance. Our conclusion is consistent with the theory of decreasing marginal returns to
expenditure on education.
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I. Introduction and Literature Review

There is widespread belief that the public education system in the United
States is failing to achieve adequate results; what is not so universally believed is
what the cause of this failure is and what can be done to improve student
achievement. Beginning with the “Coleman Report” in 1966, there have been
extensive academic studies completed on both the state of the public education
system in America and how expenditure impacts academic achievement. This
paper looks to add to the later question on public education- that of how
expenditure impacts student performance.

In the study of education, one of the best metrics we have for gauging how
well a school is serving its students is how those students perform on standardized
tests. It is not different in this study, but we feel that given the economic
implementations that standardized tests have been shown to have, we believe this
metric is still important. We base this conclusion on a recent study by Raj Chetty
of Harvard University which found that “students assigned to high-VA teachers
are more likely to attend college, earn higher salaries, and are less likely to have
children as teenagers (Chetty, Friedman, and Rockoff 2014). What they mean by
high-VA is increased performance on standardized tests.

This paper explores the topic of how changes in expenditure impact
changes in student performance. We take advantage of our unigue data set that
has a significant number of both increases and decreases in expenditure to see
how such changes, and their respective magnitudes, impact changes in academic
performance.

The field of the economics of education is currently of great interest both
politically and in academia and has been for some time. Resulting from this
widespread interest is a plethora of research available to consider when thinking
about how public education is funded. As previously mentioned, one of the first
large-scale academic inquiries into the topic was commissioned by Congress and
was published in 1966 as the [report on] Equality of Educational Opportunity-
now commonly known as the Coleman Report. This report was requested by
Congress as part of the Civil Rights Act of 1964 and was commissioned
specifically to look at differences in the educational opportunities for minority
families across the U.S. The report found that factors outside the immediate
control of the school—such as a student’s family background and the composition
of the socioeconomic status of fellow classmates—were more significant factors
of student academic success than the level of spending per pupil in the school. In
fact, the report found that spending per pupil was not a significant factor
(Coleman 1966).

One academic who has continued to make significant contributions to the
guestion on how school finances influence student academic achievement is Eric
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Hanushek of Stanford University. Dr. Hanushek has published dozens of papers
beginning in 1972 where he rejected the idea of using analysis of variance
(ANOVA) as the sole means of studying the relationship between educational
achievement and school expenditure (Eric A. Hanushek 1972). In 1981, Dr.
Hanushek observed that “there is a growing consensus that public elementary and
secondary schooling in the United States is in trouble” but found that simply
throwing more money at the schools in trouble would not be an efficient solution
to the mounting problem (Hanushek 1981). Hanushek has also discussed the
possibility of fitting production functions to education. He observed, in his first
paper on the subject, that one difference between fitting such functions to
education compared to other products, is that due to the public interest in
education, such imperfect functions are used to make real policy changes in courts
and the legislature (Hanushek 1986). In 1996, Hanushek published a scathing
response to a paper put out by Rob Greenwald et al. of the University of Chicago.
In the paper, Greenwood found that school resources are systemically related to
student performance and are so to a large magnitude (Greenwald, Hedges, and
Laine 1996). In Hanushek’s response, he critiques their research method and
describes how he believes that they designed the study to reject their null
hypothesis as they simply ask the question of if expenditure ever has any impact
on student achievement. Hanushek claims that the answer to such a question is
obvious in that some schools use resources more efficiently thus making
resources matter sometimes. Hanushek claimed that this does not prove that
across the board, higher expenditures result in better academic performance
(Hanushek 1996). In an overview piece, Hanushek finds that “resources per se are
not the issue. And there is little reason to believe that future resource flows will
have the desirable impact on student outcomes unless other, more fundamental
factors change” (Hanushek 2001).

Other, more recent, academic work that should also be considered includes
a 2015 study which looked at changes in student performance resulting from
exogenous changes in expenditure due to court mandates. This study also
considered the long-run impact of such changes as they relate to post-school
economic outcomes. The study found that “For children from low-income
families, increasing per pupil spending yields large improvements in educational
attainment, wages, family income, and reductions in the annual incidence of adult
poverty” (Jackson, Johnson, and Persico 2015). For those interested in an
overarching review of the history of the literature in the field, it is well worth the
time to read through such a synopsis published in 2016 by the American
Educational Research Association (Hedges et al. 2016).

For understanding how Florida distributes state funding to local school
districts, we recommend looking over literature published by the Florida
Department of Education (Education 2020). Additionally, reading an article by
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the Florida School Board Association that explains the funding process based on
the 1973 law that establishes the process can be helpful to understand the
mechanics behind our dataset (Association 2017) (K-20 EDUCATION CODE
2010).

It is beyond the scope of this paper to hypothesize as to why increases in
expenditure are statistically significant—even when in amounts as small as say
$100—but we believe that the increase in expenditures may have a psychological
impact rather than a real impact. Regardless of the mechanics at play in the
background, our data finds strong statistical significance and effect sizes that are
large enough that they should be considered in policy making.

We find that there is a significant relationship between expenditure and
student performance. We find this significance in looking at changes in
expenditure and the resulting changes in student academic performance on
standardized tests. This is contrary to the findings of the Coleman report
(Coleman 1966) and the numerous studies by Hanushek (Eric A. Hanushek 1972;
Hanushek 1981, 1986, 2003, 1996, 2001). Our findings for changes in
expenditures represent a new theory in the field. This theory is that there are
decreasing marginal returns to increases in expenditure. We find that this
functional form indicates that positive increases in expenditure are necessary to
prevent the dramatic decreases in student achievement when there are large
decreases in expenditure. The fact that we see decreasing marginal returns
indicates that it is less important how much expenditures are increased so long as
there is an increase in the first place. It could be that such increases are necessary
due to psychological impacts that decreases in expenditure have. The reason we
find that this may be a necessary explanation is that there is a discrete difference
in academic performance between small decreases in expenditure and small
increases in expenditure. This discrete difference is not easily explained by the
impact that a small decrease or increase has on the academic tools available in a
classroom.

Il. Research Design

In looking at the impact that changes in expenditure have on changes in
academic performance, we take advantage of the fact that our data spans over a
time period, the Great Recession, where we saw a large number of school districts
decrease their expenditures rather than increase expenditures as they had been
doing prior to this event. According to public statements by these districts, they
decreased their expenditures “as required by the financial downturn” (Gayler
2008). We are able to use this feature of our data to complete a quasi-
experimental analysis of the impact that changes in expenditure have on changes
in academic performance. We use regression discontinuity and analysis of
variance (ANOVA) to examine this relationship. ANOVA is essentially the same
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as differences in difference except for the fact that this test looks at differences in
the means of the two groups rather than the discrete difference at the discontinuity
as is done in regression discontinuity.

We believe that more rudimentary analyses that simply look at the
variance between standardized test scores and levels of expenditure have
significant omitted variable bias. This is virtually impossible to eliminate in such
studies as the sheer number of potential confounds is innumerable. These
confounds result in significant error in such models as shown in the equations
below. In this equation, the Y is our academic outcome variables, and we only
have one factor, S, that influences this outcome through ;. What we will show is
that #,in such models is found to be very small- almost to the point that they are
no longer considered statistically significant and all to the point that they are not
significant for policy making. We demonstrate through our quasi-experimental
analysis that ;is negatively biased from its true value due to omitted variable
bias.

Yie = Bo + B1Sie + wie

In our equation we could theoretically include variables such as
neighborhood characteristics (NC), average family income (FI), student housing
type and quality (H), parental involvement (P1), and even peer quality (PQ).
While these factors do not have any data and would be very difficult and
controversial to attempt to quantify, understanding that they are likely in the
model in the real world is important in understanding how looking at changes
helps us eliminate such biases. Such a more realistic model would look more like
the equation below.

Yit = Bo + B1Sit + B2NCit + B3FIiy + BaHt + BsPli + P PQir + Uyt

Taking this more realistic model and applying it to our changes story
demonstrates the power of looking at changes rather than levels. This is because
we can anticipate the change in each of these characteristics to average
approximately zero between one year and the next. For example, we would not
expect drastic change in the neighborhood characteristics in just one year and
even less likely would be a change in typical parent involvement or peer quality.
Because we can assume these changes are zero, we can safely move from the first
equation to the second without losing the strength of the estimation of our
academic variable.

AY;e = Bo + B14Sit + B2ANCyy + B3AFI + By AH; + PsAPl + BeAPQ + Auye

AY; = Bo + B14Si + Auye
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Therefore, despite still not being able to quantify these potential
confounds, we can be confident in quantifying their average change from one year
to the next at zero. Because we can make this assumption, we can assume that our
new model does not have an omitted variable bias which we cannot assume in less
sophisticated analyses. In the appendix, we additionally show how using two-way
fixed effects can help eliminate this bias as well.

I11. Data
Academic Data

We chose to use the state of Florida as our case study for the purposes of
this study for a few reasons. The first reason is that since the early 2000s, Florida
has publicly released academic performance metrics as well as expenditure
metrics for all public districts in the state. Additionally, in Florida there is one
school district that serves each county exclusively meaning that we can track
county-level demographic data that coincides with the district in question. While
this feature is not critical for this study, it was critical in a parallel study |
completed at Yale examining how the relationships found in this study are
influenced by the racial characteristics of the community (Manzo 2021). The final
feature that made Florida the ideal state for the study to collect data from is that
there were four academic variables offered in the data; the first being the
percentage of students proficient in mathematics (called “postmath” in our
dataset), the second being the percentage of students making gains in mathematics
(called “postmathgain” in our dataset), the third being the percentage of students
proficient in reading (called “postread” in our dataset), and the final being the
percentage of students making gains in reading (called “postgainread” in our
dataset). It was important for us to have the factors accounting for the percentage
of students making gains in math and reading so as not to unjustly dock schools
that do not have many students proficient in the given subject but do have a large
percentage of students making gains from their respective starting point.

To collect our academic data, we took advantage of Florida’s FCAT
(Florida Comprehensive Assessment Test) public reporting that began in the early
2000s.! We aggregated the four academic variables from the initial school year
2003-2004 to the final school year that reported data in this way which was
academic year 2010-2011. This meant that we have a total of eight years of
academic data and seven change periods (i.e., the ability to look at changes from
one school year to the next). As previously mentioned, using this specific time
period was important as it has significant numbers of both positive, typically

! This data is publicly available via the Florida Department of Education. It can be downloaded from
https:/ /www.fldoe.org/accountability/accountability-reporting/school-grades/archives.stml#1996-
1997
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before the Great Recession, and negative, typically after the Great Recession,
changes in expenditure per pupil.

To summarize our academic variables, we generated a new variable,
abcsum(pre and post) that weighted equally the four academic variables to
generate a new summation variable. This variable provides a bird’s eye view at
the academic performance of students attending the district in question. To access
how this performance changes with changes in expenditure, we generated a new
variable, difabcsum, that tracks these changes. These variables were generated
according to the following formulas:

(premath + premathgain + preread + pregainread)

abcsumpre = 2
abcsumpost
(postmath + postmathgain + postread + postgainread)

- 4
difabcsum = abcsumpost — abcsumpre

Expenditure Data

After collecting our academic data, our next step was to collect data on
school expenditure per student for each of the school districts in each year of
interest. We chose to use expenditure data rather than budget data because while
on the surface they might sounds similar, they are actually vastly different. Using
expenditure data eliminated yearly variance that could have been present in
budgets if say the district allocated funds for a new building to be built; while this
additional variance would appear in the budget, it is not present in the expenditure
per student figure. While some may question if this decision skews our findings
by eliminating the impact that large capital projects such as renovations and new
buildings have on students, we find that this was the best option as with only
seven change periods a spike in spending resulting from such projects could skew
our findings to an unacceptable degree.

Because we are interested in the impact that changes in expenditure have
on student performance, we are interested only in changes that are real and not
simply the effect of inflation. Because data from the Florida Department of
Education is always reported in the actual amount spent and is not adjusted for
inflation to a base year, we had to manually find the real changes in expenditure.
To do so, we created a new variable known as “difinflexp” which stands for “the
difference from the inflation expected value. This variable was calculated
according to the following formula:?

difinflexp = postexp — (preexp * (1 + m))

2 Postexp is the actual reported expenditure per student in the following year. Prexp is the actual
reported expenditure in the previous year. IT is the inflation rate between the periods.
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Using this new variable allows us to see if the district in question is
actually changing their expenditure per student or is simply keeping up with
inflation. It is important to note that a district that increases its spending but not to
a degree equal to or greater than inflation would be considered to have decreased
their expenditure per student between the periods despite them reporting higher
expenditures.

It is important to note that for changes in expenditure, we did remove
outliers from our dataset. Doing so removed only three instances from our dataset
but removed outliers that were over 10 standard deviations from the mean (our
cutoff was three). In examining such extreme outliers, we determined that they
were the results of extreme corrections that a select few districts had to make in
response to the Great Recession. It is also important to note that we did run these
same analyses with the outliers present and the results of the study were still
found even with the outliers present.

IV. Results

Since the Coleman Report was published in 1966, there has continued to
be ongoing academic and public debate around the subject of whether or not
school expenditure per student is an important determinant of student academic
achievement. Coleman (1966) found that variation in per pupil expenditure was
not significantly related to variation in student performance on standardized tests.
In discussing the current state of research in the field at the time, Eric Hanushek
found that not only do most studies find that level of expenditure per pupil is not
statistically significant, but even the ones that do find statistical significance often
find that the coefficient is negative (Hanushek 2003). The results of this study run
contrary to these findings as we do find statistical significance between changes in
academic performance and changes in expenditure per pupil. We tested changes
in all four academic variables—which like the Coleman report, are the result of
standardized testing—as well as our aggregate educational achievement summary
variable against changes in expenditure. Of all our variables, statistical
significance in this relationship is found for all but one academic variable- the
change in the percentage of students making gains in reading.

It is the hypothesis of this paper that changes from year to year in
expenditure per student are a significant factor of changes in student academic
performance. We find that this relationship is non-linear and that positive changes
in expenditure result in approximately equal changes in academic performance.
For negative changes in expenditure, we find that big decreases result in
significantly worse academic outcomes than small decreases.

By looking at changes in spending from one year to the next we assume
that we account for many potentially confounding variables. While we do not
explicitly account for them in the new model, the fact that we are only looking at
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changes between two years at any given time results in a significantly more
limited time period where other variables external to the school itself may be
changing. Not only does looking at changes in spending account for numerous
confounding variables, we also believe that changes in spending themselves have
a significant impact on student performance. We will demonstrate that it is less of
a story about how much spending is increased—so far as the impact on academic
performance is concerned—Dbut rather that an increase is present at all. Our data
will show that even very small increases in expenditure per pupil are associated
with significant increases in student performance from one year to the next.

Mathematics and Changes in Expenditure per Pupil

In this model, we are looking at changes rather than levels; this means that
we are looking at both the change in expenditure from one year to the next as well
as the change in academic performance from one year to the next. As our
academic variables are all measured in percentage of students proficient or
making gains, a positive value of one for our change variable in academics
represents an absolute increase of 1 percentage point in the percentage of students
proficient or making gains.

For the percentage of students proficient in mathematics, the effect size of
a district choosing to increase their expenditure per pupil rather than decrease or
keep the expenditure the same is large. The effect of choosing an increase is
1.345(.942, 1.748). While choosing not to increase expenditures is still typically
associated with an increase in the percentage of students proficient in
mathematics, the increase is significantly lower at .68(.365, .994). This means that
a district that does increase its budget can expect a total increase of between 1.307
and 2.742 percentage points while a district that does not increase its budget could
only expect to see an increase of less than 1 percentage point. The statistical
results of this test are shown in Table 1.
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Table 1
Regression results

difmath Coef. St.Err. t- p- [95%  Interval]

value  value Conf Sig
:base 0 0 . . . . .
1 1.345 .205 6.56 0 .942 1,748 ***
Constant .68 .16 4.25 0 .365 994 FE*
Mean dependent var 1.499 SD dependent var 2.249
R-squared 0.085 Number of obs 463
F-test 43.014 Prob>F 0.000
Akaike crit. (AIC) 2026.332 Bayesian crit. (BIC) 2034.608

% n< 01, ** p<.05, * p<.1

What is important to understand here is that increases in expenditure per
student need not be large to see such an impact. This is demonstrated in the
regression discontinuity in figure 1 below. In this figure, a regression
discontinuity is performed at zero change in expenditure per student. What we see
is a significant jump from when there is no change or a negative change to when
there is even a very small increase in expenditure. The vertical green lines
represent a decrease and increase of $300 respectively. We can see that according
to our simple linear regressions, a decrease in spending of a mere $300 is
associated with less than a 1 percentage point increase in the percentage of
students proficient while an increase of only $300 is associated with an increase
of over 2 percentage points in the percentage of students proficient in
mathematics. We can also see the non-linearity of the relationship in how steep
the relationship is when there is a decrease in expenditure compared to the
relatively flat relationship we see when the change is positive. This is a trend we
will continue to see across our academic variables and our academic summary
statistic.
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Figure 1

Relationship Between Change in Expenditure and Change
In % of Students Proficient in Mathematics
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Data Provided by Florida Department of Education & Federal Reserve System

Looking now at the change in the percentage of students making gains in
mathematics, the effect of an increase in expenditure is even stronger. Our test
finds that districts that choose not to increase their expenditures can expect to see
a decrease in the percentage of students making gains. We find that these districts
can expect to see a decrease of between 0.788 and 1.709 percentage points of their
students making gains in mathematics. For districts that choose to increase their
expenditure by even a small amount, the story is much brighter as they can expect
to see in a worst-case scenario a decrease in the percentage of students making
gains of 0.71 percentage points but in a best-case scenario, they may actually see
an increase of up to 1.391 percentage points. While neither of these scenarios are
what we would ideally like to see—which is increases in performance across the
board as was the case with proficiency—the range of scenarios for districts that
increase their expenditure is far better than for districts that choose not to. The
statistical test is shown in Table 2.

https://digitalcommons.iwu.edu/uer/vol18/iss1/12

10



Manzo: Yearly Changes in Education Expenditure and Changes in Student Pe

Table 2
Regression results
difgainmath Coef. St.Err. t- p- [95% Interval]
value  value Conf Sig
:base 0 0 . . . . .
1 1.589 3 5.29 0 .999 2179  **
*
Constant -1.249 234 -5.33 0 -1.709 -.788  **
*
Mean dependent var -0.281 SD dependent var 3.243
R-squared 0.057 Number of obs 463
F-test 28.012 Prob>F 0.000
Akaike crit. (AIC) 2379.121 Bayesian crit. (BIC) 2387.397

*** n< 01, ** p<.05, * p<.1

We can also observe this relationship through regression discontinuity as
shown in Figure 2. As we did with proficiency levels, we have regression
discontinuity at zero change in expenditure and include two observation lines at -
300 and 300. As our ANOVA test would predict, we see a jump in performance at
the change from a small decrease in expenditure to a small increase in
expenditure. At our observation lines, we see that a decrease of just $300 is
associated with a decrease in performance of about 1 percentage point while an
increase of the same $300 is associated with an increase in performance of around
0.4 percentage points. While still possible for there to be decreases in the
percentage of students making gains in reading when there is an increase in
expenditure, it is far less likely than when there is a decrease in expenditure-
where it is virtually certain. We again see non-linear decreasing marginal gains
from additional expenditure per pupil. This relationship further demonstrates the
decreasing marginal returns to additional expenditure per pupil.
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Figure 2

Relationship Between Change in Expenditure and Change
In % of Students Making Gains in Mathematics
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Reading and Changes in Expenditure per Pupil

To begin our analysis with regard to reading, we complete an ANOVA
test for our dummy variable for increase against our variable for the change in the
percentage of students proficient in reading. Our test finds that districts that
choose to increase their spending have an increase in the percentage of students
proficient in reading of between 0.292 and 0.952 percentage points higher than
districts that do not increase expenditures. This analysis can be seen in Table 3.
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Table 3
Regression results

difread Coef. St.Err. t- p- [95% Interval]

value  value Conf Sig
:base 0 0 . . . . .
1 622 .168 3.70 0 292 952  Fx*
Constant .818 131 6.23 0 .56 1.076 ***
Mean dependent var 1.197 SD dependent var 1.789
R-squared 0.029 Number of obs 463
F-test 13.689 Prob>F 0.000
Akaike crit. (AIC) 1842.150 Bayesian crit. (BIC) 1850.425

Kk p<_o:|_7 *% p<.05, * p<.1

While in both scenarios districts see an increase in the percentage of
students proficient in reading, these gains are significantly greater when districts
choose to increase their expenditures by even small amounts. This difference can
be seen in our regression discontinuity in Figure 3. According to our model, a
decrease in spending of just $300 is associated with an increase in reading
proficiency of less than 1 percentage point while an increase in spending by that
same $300 results in an increase of about 1.5 percentage points. We can also see
that there is more variation for positive changes in expenditure than there is for
negative changes; this additional variation that we see is in the positive direction
of changes in academic performance. This variation is not significantly negative
and does not lead us to believe that districts that choose to increase their
expenditures would underperform districts that did not increase their
expenditures.
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Figure 3

Relationship Between Change in Expenditure and Change
In % of Students Proficient in Reading
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The relationship between our academic variables and our variable
measuring the real change in expenditure per pupil has been relatively consistent
so far- districts that increase expenditure per pupil perform better to a statistically
significant degree than districts that keep expenditure constant or decrease
expenditure. Unfortunately, our final academic variable does not perform like the
rest; the change in the percentage of students making gains in reading is not
correlated in a statistically significant manner by real changes in expenditure per
pupil. The lack of statistical significance is demonstrated in Table 4 where despite
having a positive coefficient of .361, the standard error for an increase is .294
which results in a confidence interval that is both positive and negative. With such
a confidence interval, we cannot be confident if there is an effect and if there is an
effect, we cannot be sure if it is positive or negative. What we are confident in—
to the 95% confidence level—is that the true population mean for districts with an
increase in expenditure is somewhere between a decrease of 0.794 and an increase
of 1.261 percentage points. For districts with a decrease in expenditures, the
absolute change is somewhere between a decrease of 0.578 and an increase of
0.323 percentage points.
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Table 4
Regression results
difgainread Coef. St.Err. t- p- [95% Interval]
value  value Conf Sig
:base 0 0 . . . . .
1 .361 294 1.23 22 -.216 .938
Constant -.127 229  -0.55 .58 -578 323
Mean dependent var 0.093 SD dependent var 3.086
R-squared 0.003 Number of obs 463
F-test 1511 Prob>F 0.220
Akaike crit. (AIC) 2358.823 Bayesian crit. (BIC) 2367.098

Kk p<_o:|_7 *% p<.05, * p<.1

Looking at this same relationship from our regression discontinuity graph
makes it seem like the relationship holds here. This is contrary to what our
ANOVA tests tells us, so the question is why this is the case. While our
regression discontinuity graph makes it appear that the relationship holds in this
case as well, there is too much variation in our data for us to be confident at even
the 90% confidence level. According to our data, we could only be confident at
the 75% confidence level and that does not meet the expectations of this study.
So, while the graph in Figure 4 appears to have this relationship present, the
variation in the data requires us to fail to reject our null hypothesis that the
relationship is not present. Because statistical significance is not found, it would
additionally be improper to make conclusions regarding the predictions by the
linear regressions at our observation points of -300 and 300. We do not have a
clear theory as to why students making gains in reading would be the only
academic factor that is not predicted by changes in spending. It might be that our
data just has an unusual amount of variation for this variable and that the
relationship in the population is in fact there. Or it could be that making gains in
reading is influenced differently from other academic variables and that the
relationship is not present in the population. Our data does not make this clear and
we do not hypothesize one way or the other.
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Figure 4

Relationship Between Change in Expenditure and Change
In % of Students Making Gains in Reading
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Changes in Academic Summary Statistic and Changes in Expenditure

Having examined the relationship between changes in expenditure and
changes in all of our academic variables, we now examine the relationship
between our change in expenditure variable and changes in our academic
summary variable. Changes in this variable represent the average change across
all of our academic variables when there is a change in expenditure per pupil from
one year to the next. A change of one in this variable represents an average
change of 1 percentage point in each of our academic variables. As we have
previously shown, each variable changes differently and all have slightly different
relationships with changes in expenditure, but the purpose of this summary
statistic is to provide a baseline explanation as to the impact that a change in
expenditure has on the overall academic performance of students.

We begin our analysis with an ANOVA test between our academic
summary statistic and our dummy variable for real increases in expenditure. Our
analysis finds that the summary relationship is significant and that districts that
choose to increase their expenditures beyond the inflation-expected amount see
statistically significant increases in student academic performance. What our test
finds is that for districts that choose not to increase their expenditures per pupil,
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the expected average change in academic performance is between a decrease of
0.256 and an increase of 0.317 percentage points. For schools that choose to
increase expenditures, the prediction is significantly more optimistic with a
predicted average increase of between 0.357 and 1.663 percentage points. With
statistically significant results, we can be confident to the 95% level that districts
that choose to increase expenditure per pupil—in any amount—will see improved
academic performance compared to districts that choose not to increase
expenditures. Additionally, it is important to observe that the coefficient for an
increase in expenditure is quite large at 0.979 percentage points. What this means
is that districts that choose to increase their expenditures can expect an average
increase of nearly 1 percentage point across each of their academic variables on
standardized tests. This conclusion has an important policy implementation in that
it finds that increases in expenditure result in increases in overall student
academic performance. The statistical analysis is shown in Table 5.

Table 5
Regression results

difabcsum Coef. St.Err. t- p- [95%  Interval]
value  value Conf Sig

:base 0 0 . . . . .
1 979 .187 5.25 0 .613 1.346 ***

Constant .03 .146 0.21 .835 -.256 317

Mean dependent var 0.627 SD dependent var 2.015

R-squared 0.056  Number of obs 463

F-test 27.525 Prob >F 0.000

Akaike crit. (AIC) 1939.084 Bayesian crit. (BIC) 1947.359

**% n< 01, ** p<.05, * p<.1

We can also observe this relationship in our regression discontinuity
analysis shown in Figure 5. We can observe that, according to our linear
regressions fitted to the data, a small decrease in spending of $300 is associated
with just barely a positive average change in the summary statistic variable of 0.1
percentage points which is virtually no change whatsoever from the previous year.
For an increase in expenditure of the same $300 though, we find that this is
associated with an average change in the summary statistic of about 1 percentage
point. This means that an increase in expenditure between years is associated with
an average increase of 1 percentage point for all academic variables which
represents a major increase in student academic performance. Additionally, we
can observe that our regression line is virtually flat for positive increases in
expenditure which verifies the claim that it is not important how much
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expenditures increase, but rather the important contributor is that there is some
increase. Furthermore, this confirms the theory of decreasing marginal returns to
increases in expenditure. This has important policy implementations as we find
that so long as an increase is present, it is not important for that increase to be
large. Having a large increase seems to produce similar impacts on performance
as small increases- albeit at a higher cost.

Figure 5

Relationship Between Changes in Expenditure
and Changes in Academic Performance
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It is also important to note that this relationship holds across terciles of
expenditure per pupil. To demonstrate this, we can look at the regression
discontinuity graph in Figure 6 which separates our data into terciles and then
runs the regression discontinuity analysis for each individually. As shown in
Table 6, statistical significance is found for districts in the lowest expenditure per
pupil and highest expenditure per pupil terciles. Statistical significance is not
found in the middle expenditure tercile but there is still a positive coefficient for
this group; it may be that there is too much variation in this tercile’s data, or it
could be that middle-expenditure districts behave differently from high and low

expenditure districts which both have positive statistically significant coefficients.

Unsurprisingly, the largest coefficient is found for districts that spend the lowest
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per pupil indicating that for schools with currently low expenditure per student,
increases in expenditure have a very strong impact on increasing student
academic performance. For all terciles, we see positive jumps at our regression
discontinuity of zero change in expenditure so while statistical significance is
only found for two out of our terciles, it is clear that the relationship between real
changes in expenditure and changes in academic performance is strong for the
majority of school districts in our data. Table 8 displays the regression
discontinuity tests for our academic variables.

Table 6
Regression results
difabcsum Coef. St.Err. t- p- [95% Interval]
value  value Conf Sig
: base 0 0
1 1.072 .187 5.74 0 .705 144  **
*
> base 1 0
2 .076 222 0.34 732 -.36 512
3 .82 223 3.68 0 .382 1.258  **
*
Constant -.324 207 -1.57 118 -731 .083
Mean dependent var 0.627 SD dependent var 2.015
R-squared 0.090 Number of obs 463
F-test 15.049 Prob>F 0.000
Akaike crit. (AIC) 1926.496 Bayesian crit. (BIC) 1943.047

**x n< 01, ** p<.05, * p<.1
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Figure 6

Relationship Between Changes in Expenditure
and Changes in Academic Performance
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Table 7

Table 7. Regression Discontinuity at
difinflexp=0

A in Mathematic Ain Mathematic A in Reading A in Reading A in Academic

Proficiency Gains Proficiency Gains Summary Stat
difinflexp>0 1.345%** 1.589%** 0.622%** 0.361 0.979***

[.942, 1.748] [0.999, 2.179] [0.292, 0.952] [-0.216,0.938]  [0.613, 1.346]
Intercept 0.68 -1.249 0.818 -0.127 0.03

[0.365, 0.994] [-1.709, -0.788] [0.56, 1.076] [-0.578,0.323]  [-0.256, 0.317]
R-Squared 0.085 0.057 0.029 0.003 0.056
Number of 463 463 463 463 463
observations

Note: *** P<0.01, ** P<0.05, * P<0.1
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Non-Linearity of Relationship Between Changes in Expenditure and Changes in
Academic Performance

What we find is that there is a non-linear relationship between changes in
expenditure and changes in student academic achievement. We find that large
decreases in expenditure per pupil result in detrimental decreases in student
performance, but the impact of increases is relatively plat in terms of the degree
when the change is positive.

As shown in Figure 7 below, both small and large increases in expenditure
per pupil result in about a 1 percentage point increase in our academic summary
statistic. This graph also demonstrates how different the impact is between small
decreases and small increases on changes in the academic summary statistic.
While small increases result in about 1 percentage point increase on average,
small decreases result in less than half a percentage point increase. Additionally,
we see the dramatic negative impact that large decreases in expenditure have on
student achievement. Here, we see decreases in our academic summary statistic
from one year to the next. This graph makes it abundantly clear that the
relationship between changes in expenditure and changes in student performance
on standardized tests is non-linear. This non-linearity indicates that the
educational production function has decreasing marginal returns to increases in
expenditure.

Figure 7

Change in Expenditure and Change
In Academic Summary Statistic
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It is worth examining this non-linear relationship up-close to better
understand it. First, we take a closer look at just small changes- both negative and
positive. In doing so, we limit our data to only observations where the change has
an absolute value of less than $300; this limits our data to 230 of our 463
observations. In this up-close observation, we see how dramatic the differences in
educational performance are between districts that either increase their
expenditure by a small amount or decrease their expenditure by a small amount.
What we see, again in Figure 7, is that districts that increase their budgets by a
small amount perform over twice as well in the change in their academic
summary statistic relative to districts that decrease their expenditure by a similarly
small amount.

When comparing our big changes relative to their respective small
changes, we can again see non-linearity. While the absolute value of the mean for
big and small decreases are relatively similar and their standard deviations are
similar as well, how they compare to their respective small decreases is
dramatically different. For increases in expenditure, there is very little difference
between the mean change in the academic summary statistic between the small
and big increase groups. The story is very different though for decreases. To start,
small decreases in expenditure still result in increases in academic performance
whereas big decreases in expenditure result in decreases in academic
performance. In addition to them moving in opposite directions, the scale of the
difference between them is large at about 0.716 compared to just 0.045 for the
increase groups.

This non-linearity means that while it is not important how large an
increase in expenditure is, it is important that the change in expenditure is
positive. This means that if a district wants to allocate additional financial
resources to improve academic performance, they likely don’t need to make such
an increase very large to see worthwhile impact. In fact, our data shows that
increases in expenditures per pupil by a large amount yield no greater gain than is
seen when there are increases in expenditures by much smaller amounts.
Additionally, if a change must be negative, it is important that the change is not
large—over $300 in this data—to prevent detrimental decreases in academic
performance.

To further demonstrate the decreasing marginal returns we see in the data,
we look at how log changes in expenditure per pupil is related to changes in our
academic summary statistic. What we see in Figure 8 is that when stepping right
(i.e., increasing expenditure per pupil), the slope of the relationship levels off, but
when stepping left (i.e., decreasing expenditure per pupil) the slope is gets
exponentially steeper as we step further negative. If it is true that in the population
there are decreasing marginal returns to changes in expenditure per pupil, then it
becomes clear why in our earlier regressions we see less extreme coefficients for
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increases than we see for decreases. This is because for increases, they are
reaching the low marginal return part of the relationship and for decreases they
are in the high marginal return (albeit in the negative direction) part of the
relationship. Because of this, increases in expenditure per pupil of 10% result in
much smaller absolute differences than decreases in expenditure by the same
10%. The difference is that the 10% increase in expenditure will result in an
increase in student performance while the 10% decrease in expenditure will result
in a significant decrease in student performance.

Figure 8
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The fact that amongst districts that increase expenditures, we see no
statistically significant relationship between the degree of the increase and the
degree of the increase in student performance leads us to wonder if the way that
additional funds are spent is significantly different between districts that increase
expenditure by small amounts and districts that make increases in larger amounts.
It may be that districts that increase expenditures by small amounts are more
careful with how they allocate the money than districts that are increasing by
large amounts. This could be what leads to decreasing marginal returns. To judge
this, we would need to know how the additional funds are allocated which is
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outside the scope of this study and our dataset. We do not have any reason to
hypothesize the cause, but it could be that Hanushek is correct when he explains
that it is not that money doesn’t matter, it is just that how money is spent is more
important than how much is spent (Hanushek 2015). Additional research on how
additional funding is spent should look at potential differences between allocation
equations when the increase in expenditure is large rather than small. This should
also be considered for when districts choose to decrease their expenditures; it
could be that small decreases are done in ways designed to not disrupt the
learning environment while big decreases cannot help but disrupt the learning
environment. This may explain why we see a negative coefficient in academic
performance for big decreases but not small decreases. While testing such
hypotheses is outside the scope of this study, a better understanding of such
relationships is important to understand before making policy decisions on
changes in expenditure. This theory could be contrary to the theory on decreasing
marginal returns or the theories could both be correct if it matters how the
additional funds are spent, but also decreasing marginal returns are present
regardless of how the additional funds are spent.

V. Conclusion

With education being such an important factor in the well-being of
society, understanding what factors influence the academic performance of
students and which ones are most efficient in doing so is of vital importance. This
paper contributes to the ongoing discussion on how expenditure impacts student
performance. In this analysis, we took advantage of the Great Recession causing
decreases in expenditure across many school districts to complete a quasi-
experimental analysis of how changes in expenditure impact changes in student
academic performance. We find that the educational production function has
decreasing marginal returns to increases in expenditure. This feature of the
function results in relatively flat changes in achievement when increases in
expenditure are made but dramatically negative changes in achievement when
large decreases in expenditure are made.

While it was not within the scope of this paper to hypothesize and test why
it might be that the presence of an increase in expenditures has a discrete impact
on changes in student performance, future studies should examine this
relationship and seek to better understand why we see such a trend.

We used quasi-experimental econometric tools to examine this
relationship and found there to be statistical significance between changes in
expenditure and changes in academic performance. This finding runs contrary to
traditional understandings of the role that expenditure per pupil plays in the
American public school system. As such, additional studies should test the
external validity of these findings and examine whether these findings are
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universal or if there is something special about the state of Florida during this
period. Additionally, larger scale studies should incorporate bigdata on how
funding allocations change with funding levels. Such additional data could help us
understand the mechanics at play.

This study recognized the existence of omitted variable bias in our limited
data and we accept the fact that this would have skewed our data had we used less
sophisticated methods. By looking at changes from each year, we were able to
make assumptions that allowed us to not be concerned with omitted variable bias
in the story on changes in expenditure. We do recognize that there could still be
omitted variable bias if such variables are also changing over the period, but we
feel confident that this is very limited in our data. This again is why such quasi-
experimental designs are superior to more rudimentary studies that only look at
variance between districts that spend a lot per pupil and those that spend less.

It is vital to understand how both small and large increases in expenditure
resulted in similar increases to academic performance relative to small decreases
in expenditure. This further indicates that it may not be a real effect caused by the
additional funding but rather the presence of an increase in expenditure may have
a positive psychological effect on the learning community. While the findings of
this paper are that the presence of a small increase in expenditure per pupil
increases student performance from one year to the next, we do not hypothesize as
to why this is the case. Our data makes it clear that it is likely not a real impact of
the additional funding as we showed that the degree of a positive change in
expenditure is not important for changes in academic performance. What we do
not know though is the mechanics behind the relationship. Our data is simply not
deep enough to determine if there is a psychological effect, an effect caused by
different allocation methods, or some other mechanism. We leave open this
question of why changes in expenditure are related in a non-linear way to changes
in academic performance to future studies.

Appendix

In addition to looking at changes, we used a two-way fixed effects model
that controlled for the fixed effects of both year and district to demonstrate that
the relationship between expenditure per student and student performance on
standardized tests holds even when controlling for the effects of district and year.
What we can see in Figure 9 is that when these are controlled for, we see a
positive correlation between expenditure per pupil and our academic summary
statistic. It is important to note that this model controls for the fixed effect of both
years and the district. This is essentially the same as when we looked at changes
between periods in our changes analysis. Looking at our data in this fixed-effects
model, we lose some of the important non-linearity information we learned in the
main analysis. One benefit though of looking at the data in this way is that the
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quasi-experimental feature of our data is not necessary for these conclusions to

hold.
Figure 9
Relationship Between Level of Expenditure and
Student Academic Performance

- Two-Way Fixed Effects Model Controlling for Year and District Effects
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Because this model does not show the non-linearity of the relationship
between changes in expenditure and changes in academic performance, the model
does not demonstrate the detrimental impact that decreases in expenditure can
have on academic performance. This is why our changes model is preferred over
this two-way fixed effects model. Additionally, because our changes model takes
advantage of a naturally occurring recession and thus is quasi-experimental in
nature, we can make the same assumptions regarding the elimination of
significant omitted variable bias. Therefore, the primary statistical method of this
study is favored over this additional method. We do include this method here in
the appendix though as this method can be used outside the quasi-experimental
context and can be beneficial for determining external validity in future studies.
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