W
H
I
T
E

Educational Test Scores, Education Spending, and the
Productivity of Public Education in Kentucky, 1990 – 2015

John Garen
Senior Fellow, Pegasus Institute

Steven Gordon
Associate Fellow, Pegasus Institute

P
A
P
E
R

July 2018

!1

Executive Summary
This report examines the National Assessment of Educational Progress (NEAP) test scores for
Kentucky students for the roughly 25-year time span from the 1990s forward, as well as changes
in funding (inclusive of state, local, and federal) of K-12 in the Commonwealth during that
period. Changes in the racial gap in test scores is also examined, along with the gap between the
scores of students from low-income families and students from other families.
The main findings are:
•

There has been some improvement in Kentucky’s grade 4 and grade 8 reading and math
test scores since the 1990s.

•

Reading test score changes have been quite modest, where the grade 4 score rose by 5.2%
from 1992 to 2017 and the grade 8 score rose by just 1.1% from 1998 to 2017.

•

The grade 4 math test score improved by 11.2% over the 25 year span between 1992 and
2017, while the grade 8 math score rose by 8.2% from 1990 to 2017.

•

Inflation adjusted, per pupil funding of K-12 rose very substantially throughout most of
this roughly 25-year period, with the exception of 2011 to 2014 in the aftermath of the
recent recession. Overall, real, per pupil funding rose by 45% between 1991 and 2015.

•

The productivity of K-12 funding, calculated as NAEP test score points per $1,000 of
funding, fell almost continuous during the study time period, dropping for all NAEP test
by at least 20%. This implies that taxpayer funds received a lower and lower “bang per
buck” in terms of test score achievement.

•

The only persistent period of increases in productivity was 2009 to 2013. This was
mostly due to the reduction in real, per pupil funding during this time and not to any
substantial rise in test scores.

•

There was essentially no reduction in the gap between the African American student and
white student test scores during the study period.

•

The gap between test scores of students from low-income families, as proxied by
national-school-lunch-program eligible, and students from other families showed no
reduction during the study period.

Though there are other sides to educational success – such as gaining creativity, perseverance,
and better employment – cognitive skills as measured by the NAEP test scores are important
aspects of educational achievement. By this measure, over the past two-and-a-half decades,
Kentucky has improved modestly, has not reduced achievements gaps, though has almost
continuously and substantially increased per pupil funding of K-12.
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Introduction
Uneasiness about the performance and funding of traditional public schools have been
with Kentucky, as well as most other states, for quite some time. Disputes regarding school
funding emerged in the most recent legislative session and have occurred regularly in the past.
Moreover, there is long-standing concern about the performance of public schools, i.e., how are
the school children doing and what are the taxpayers getting out of their education funding?
This study provides an overview of three big-picture aspects of these issues. One is
Kentucky’s record since the 1990s regarding student achievement as measured by the National
Assessment of Education Progress (NAEP) test scores. Second, we document Kentucky
schools’ inflation-adjusted, per pupil funding over the same time period. Third, we calculate the
“productivity” of K-12 education for this time period. Productivity is defined as NEAP test
score outcome (e.g., NAEP test points) per $1,000 of funding.1 We compare these to the nation
as a whole and for certain subgroups (e.g., minorities, children of low-income families).
Generally, Kentucky has experienced some increases in NAEP tests scores since 1990.
However, there has been a much larger increase in per pupil funding over this time period, with
the exception of the decline in funding during the most recent recession. As a result, the test
score attainment per $1,000 of funding has sharply declined during most all of this time. We
find similar results regarding test scores for minority students and those from low-income
families, implying that the increased funding has not served to reduce inequality in achievement
on test scores.

Measuring Educational Outcomes and Funding
We follow many other analysts in using the National Assessment of Educational Progress
(NAEP) test scores as our measure of educational outcomes.2 We utilize the reading test scores
and the mathematics test scores of 4th and 8th graders. The NAEP is the largest nationally
representative and continuing assessment of the nation’s students. Since NAEP assessments are
administered uniformly using the same sets of test booklets across the nation, they provide a
common measure of student achievement across the country. The assessments stay essentially
the same from year to year, with only carefully documented changes, so enable comparisons
over time. The main assessments began in the 1990s and is now conducted every two years.
These assessments are referred to as The Nation’s Report Card. More detail is in National
Center for Educational Statistics (2017).
There are criticisms of test scores as measures of educational outcomes, however.
Ultimately, the desired outcome from education is its enabling people to improve their lives in a
variety of ways such as school completion, improved earnings, higher levels of employment,
better health, and other outcomes. Regarding employment outcomes, there are studies that relate
the subsequent labor market experiences of people to their school environment when young,
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Hoxby (2004) uses this measure.
See Garen and Bray (2018) for a short summary of related studies.
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though these studies are often limited in scope.3 Also, while the NAEP tests, and others like
them, measure important aspects of cognitive skills, it is increasingly recognized that noncognitive skills, such as persistence, motivation, and dependability, have great importance in
determining success in life.4 NAEP test scores only indirectly measure these attributes.
Nevertheless, it is well established that scores on tests similar to the NAEP are strongly
correlated with a person’s labor market earnings.5 Moreover, research shows that U.S. state GDP
growth is related to the state’s average NAEP test score.6 The NAEP test score achievement
measure something that matters.
Regarding education funding, we collect data on education revenue and spending and on
school enrollment from the National Center for Educational Statistics’ (NCES) Digest of
Education Statistics. This is available from the NCES through 2015. We express educational
revenue and spending on a per pupil basis and adjust for inflation by converting all dollars
figures to constant 2017 dollars. All sources of revenue are included; state, local, and federal.7

Tests Scores, Funding, and Productivity
Test Scores
Figure 1a presents a graph of the average NAEP test score for grade 4 reading from 1992
through 2017. Kentucky is represented by the solid blue line the entire nation by the dashed red
line.8 The underlying data for this and several following figures is in Appendix A, Table A1.
For Kentucky, there has been some improvement on this test from the late 1990s through
2009. Since then, there have been ups and downs, but little net change. From the earliest test in
1992 to the latest in 2017, this score has increased by 5.2%. Though this improvement is
modest, it is more than that for the nation as a whole. For the U.S., this score improved by 2.3%
and Kentucky went from being a little below the national average to a little above.
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See, for example, Jackson, Johnson, and Persico (2016), Fredriksson, Ockert, Oosterbeek (2013), Card and
Krueger (1992), and Betts (1995),
4 See Heckman, Stixrud, and Urzua (2006).
5 Currie and Thomas (2001) is an example.
6 Hanushek, Ruhose, and Woessmann (2017).
7 In supplemental analyses, we account for changes in the demographics of the student population over time by
controlling for possible effects of changes in students eligible for free or reduced priced lunch, students with
disabilities, students who are English language learners, the testing and accommodation of the former two groups,
and the racial composition of the students. They are collected from various years of National Center for Educational
Statistics, The Nation’s Report Card.
8 The scale of this and other test score graphs is about -30 to +30 around the mean because the standard deviation of
individual NAEP test scores is roughly 30 each year.
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Figure 1b displays the same graph for grade 8 reading scores, available only since 1998.
For Kentucky (the solid blue line), this score has seen periods of some improvements and
periods of decline. Over the 1998 to 2017 period this test score has improved, on net, by just
1.1%. The scores for the entire U.S. (the dashed red line) have shown some slight ups and
downs over this period as well, with a net improvement of 1.5%. Kentucky’s scores were
initially below the U.S., were above for several time periods and now have fallen below.
The mathematics test scores show more improvement than the reading scores and are
presented in Figures 2a and 2b, with former for grade 4 and the latter for grade 8. For grade 4
scores in Kentucky, progress in the 1990s was modest, but bigger gains occurred in the 2000s up
until 2009. Since then there has been little change. From 1992 to 2017, scores rose on net by
11.2%. Compared to the U.S. as a whole, Kentucky scores were lower until 2009 and have
remained about even since then. U.S. scores have increased by 9.1% since 1992.
Regarding the grade 8 math scores displayed in Figure 2b, the Kentucky score rose
incrementally but persistently until 2011, then began to turn down. A similar pattern emerges for
the U.S. scores, though they are above the Kentucky scores by about the same amount for the
entire time period. For the 1990 to 2017 time span, Kentucky scores increased by 8.2% and
those for the nation by 7.6%.
We also examined the possibility that demographic changes may have been a contributor
to the changes in the test scores. A change in the composition of the student population toward
demographic groups that typically score lower on NAEP tests will lower a state’s average test
score and the opposite demographic changes will raise the scores. We do not want to conflate
changes the demographic composition of the state with changes in the effectiveness of the state’s

!6

!

!

!7

K-12 educational system. Using regression analysis, we examined all states’ test score outcomes
as dependent on the demographics of the student test takers. We then adjust the test scores to
simulate scores as if no demographic changes had occurred. We find very little difference in the
pattern of Kentucky adjusted scores relative to the raw scores. More details are in Appendix B.
Per Pupil Funding
Using data on school funding and enrollment from the National Center for Educational
Statistics (NCES), we compute both total school revenue (inclusive of state, local, and federal)
and total school expenditures, adjust for inflation, and express on a per pupil basis. We do this
for every year from 1991 to 2015, the last year that NCES data are available. Revenue and
expenditures follow one another very closely, so we present the plot for school revenue in Figure
3. As before, the solid blue line represents Kentucky and the dashed red line is the U.S.
School funding for Kentucky and the U.S., with some exceptions, follow a very similar
pattern. Both increased steadily and substantially until 2010 in the aftermath of the recent
recession. Per pupil funding (adjusted for inflation) fell for a few years, then resumed its rise.
For Kentucky, funding rose from $7,722 per pupil in 1991 to $11,196 in 2015. This translates to
a 45% increase. For the U.S. as a whole, funding rose from $9,491 per pupil in 1991 to $13,924
in 2015, a 46.7% increase. The level of Kentucky funding has been below that for the nation
each year, though the gap narrowed somewhat in the 1990s.
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Relative Changes in Scores and Funding
The next set of figures presents a visual comparison of the changes in test scores and of
funding by displaying them on a comparable scale. Figure 4a does so for grade 4 reading. This
test was first given in 1992, so the score in Kentucky in that year is indexed to 100. Later years’
test scores are expressed relative to the 1992 score. The plot in the figure is interpreted as the
percentage above the 1992 score, i.e., value of 110 indicates a 10% higher score than in 1992.
Similarly, we index per pupil funding in 1992 to 100 and express later years’ funding
relative to its 1992 level. Each plot point is interpreted similarly as the percentage above the
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1992 level. The solid blue is Kentucky’s grade 4 reading test score index, the dotted black line is
Kentucky’s funding index, and the dashed red line is the U.S. relative to the Kentucky 1992
score.
As is quite evident, since 1992 funding has increased very dramatically relative to grade
4 reading scores; a 41% increase in the former with a 5.2% increase in the latter. A very similar
story holds for grade 8 reading as shown in Figure 4b. Values in the graph are indexed to 1998
since this is the first year that the grade 8 reading test was administered. Since 1998, this score
has increased by 1.1% in Kentucky while funding rose by 26.7%.
Figures 5a and 5b display similar graphs for grade 4 and grade 8 math, respectively. As
noted above, math scores have improved more than reading scores and the figures 5a and 5b
reflect this. However, their increases and much smaller than the increase in funding. For grade
4 math, since 1992 scores have increased by 11.1% while funding rose by 41%. For grade 8
math, scores rose by 8.2% since 1990 while funding rose by 45%.

!10

!

!

!11

Productivity
This subsection presents the data in a different way. Here, our figures display the
productivity of K-12 funding, defined as NAEP test score points per $1,000 of funding. This
may be coined “bang per buck,” i.e., educational achievement generated (as measured by NAEP
test scores) per $1,000 of taxpayer funds. Figures 6a and 6b shows productivity for grade 4 and
grade 8 reading, respectively. Figures 7a and 7b display the values for grade 4 and grade 8 math.
Along with the plots for Kentucky (solid blue), those for the U.S. (dashed red) are shown.
The most striking feature of all of these figures is the nearly continuous downward
movement in productivity until the aftermath of the recent recession, followed by a brief upturn,
then a return to the downward trend. For example, points per $1,000 of funding for grade 4
reading fell from 1992 to 2009 from 26.8 to 20; at 25% reduction. For grade 8 reading, the
decline between 1998 and 2009 was from 29.6 to 23.6 (a 20% decline). The productivity of
grade 4 math fell from 27 to 21.1 (a fall of 22%) from 1992 to 2009. The decline for grade 8
math from 1992 to 2009 was 33 to 24.6 (25%).
Moreover, the uptick in productivity just after 2009 is almost entirely due to the
reductions in per pupil funding rather than to the any substantial increase in test scores. For
example, between 2009 and 2013, the grade 4 reading test score fell by 2 points and funding fell
by $387 per pupil, but points per $1,000 rose due to the relatively larger reduction in funding.
For grade 4 math, scores did rise by 2 points from 2009 to 2013 (a 0.8% gain) and funding fell
by 3.4%, implying that most of the 4.2% rise in productivity was due to the funding reduction,
not the score improvement. Following 2013, funding per pupil increased and test scores
changed little, causing a return to the pattern of declining productivity.
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Comparing Kentucky productivity to that of the U.S., we see that the time trends are nearly
identical; a nearly continuous decline until just after the recent recession, followed by a brief
uptick then a return to the decline. However, Kentucky’s productivity is consistently 3 to 4
points per $1,000 higher than that for the nation as a whole. This is due the fact the Kentucky
test scores are fairly comparable to the nation’s average, while funding per pupil has averaged
about $2,000 less.

Examining Subgroups
The overall picture that emerges from the above examination is long term and large
increases in K-12 funding, but very modest increases in tests scores. This suggests that the
funding has not been very effective in improving overall NAEP scores. However, another
important question that is often asked is whether the increased funding has served to improve the
outcomes for disadvantaged groups and thereby reduce test score achievement differences. This
section studies this question by examining trends and test score gaps for racial groups and
income groups, with the latter proxied by eligibility for the national school lunch program.
Racial Trends and Differences
Figures 8a and 8b present the grade 4 and grade 8 reading scores for African American
(black) students and white students.9 Since all of the data are drawn from the National
Commission of Educational Statistics (NCES), we utilize the NCES racial designation of “black”
instead of “African American.”
For the grade 4 reading scores, there are modest improvements over time for both blacks
and whites. Likewise for whites regarding grade 8 reading but for black students, this score has
changed little. Overall, the reading test score gap remains large – around 20 points – and has
changed little over the past two or two-and-a-half decades, despite the 45% increase in per pupil
funding during this time.
Figures 9a and 9b present the plots for grade 4 and grade 8 math. The patterns by race
are similar to those for overall math scores shown in figures 2a and 2b. For both blacks and
whites, there was more substantial improvements in math test scores relative to the reading
scores until around 2011, followed by declines. However, there is no sign of any reduction of
the black-white gap in math test scores.

9

The data are presented in Appendix A, Table A2.
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Differences by School Lunch Eligibility Status
Though the data does not include the income of the test taker’s family, it does indicate if
the student is eligible for the national free-or-reduced-price-lunch program, which we denote as
NSLE (national school lunch eligible). Children of low-income families are eligible for this
program, so it serves as a proxy for a student being from a low-income household. Thus, we
examine the data to see if eligible student scores have improved relative to non-eligible students.
Figures 10a and 10b show the data plots for grade 4 and grade 8 reading. 10 These show
modest improvement for both NSLE and non-NSLE students, similar to overall patterns for
reading scores. There gap between eligible and non-eligible students has not changed much over
the years and there remains about a 20-point gap.
Figures 11a and 11b presents the data for grade 4 and grade 8 math. As with other
breakdowns of the math scores, these show more gains that the reading scores for both NSLE
and non-NSLE students. Regarding the difference between non-eligible and eligible, the grade 4
math score gap has remained quite persistently at around 20 points. The gap for grade 8 math
fell somewhat in the early 2000s to a little less than 20 points, but began to rise to be persistently
above 20 points. As with the racial score gap, there is no indication of any reduction in the score
gap by income group, as proxied by national school lunch program eligibility.
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These data are in Appendix, Table A3.
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Conclusion
Kentucky’s NAEP test score achievement has shown some improvement. However, any
improvement is small relative to the 45% increase in real, per pupil funding that K-12 has
received over that past two-and-a-half decades. The taxpayers’ “bang per buck,” i.e., NAEP
achievement per $1,000 of funding, has dropped a great deal during this time period. Moreover,
there has been no reduction in the test achievement gap for racial groups, nor for students from
low-income families.
NAEP test score success is not the only thing that an educational system ought to strive
for. Nevertheless, the cognitive skills as measured by the NAEP test scores are important
aspects of educational achievement. Kentucky’s modest improvements in this regard during a
time period of substantial increases in K-12 funding suggests that concerns continue about the
performance of the Commonwealth’s public education system.
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Appendix B
This appendix explains the regression analysis that controls for differences and changes
in student demographics and allows us to adjust the test scores for these differences. The first
step is to estimate a regression equation of the following form:
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Tjt = b0 + b1Xjt + b2Sjt + b3 θj · Sjt + θj + δt + εjt

In this equation, j indexes states, t indexes time and: Tjt = state j’s average test score at time t
(where we estimate separate equations for each test), Xjt = a vector of demographics for state j at
time t, Sjt = state j’s real per pupil funding at time t, θj = a vector of state effect dummy variables,
δt = a vector of year effect dummy variables, and εjt = white noise.

The demographic variables include the percent of students eligible for free or reduced
priced lunch, the percent of students with disabilities, the percent of students who are English
language learners, the testing and accommodation of the former two groups, and the racial
composition of the students in the state and year.

This equation is estimated by ordinary least squares. Coefficient estimates are then used
to simulate Kentucky’s test scores as if its demographics did not change over time. This
removes the effect of these changes from the test scores. As noted in the text, these adjustments
are very minor. Table B1 presents the raw and adjusted data.
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