The Impact of High-Stakes Testing on Student Pierficy in Low-Stakes Subjects

Jay P. Greene
Endowed Chair; Head
Department of Education Reform
University of Arkansas

jpg@uark.edu

Julie Trivitt
Research Associate
Department of Education Reform
University of Arkansas
jtrivitt@walton.uark.edu

Marcus A. Winters*
Ph.D. Student
Department of Economics
University of Arkansas
winters@uark.edu

* Corresponding Author:
Marcus A. Winters
Manhattan Institute

52 Vanderbilt Ave, 3rd Floor
New York, NY 10017
Phone: 646-839-3354

JEL ClassificationH11; 128; J24

Keywords educational economics, human capital, produgtivitgh-stakes testing,
accountability

Acknowledgements: We would like to thank Bruce Dix&obert Costrell and Ryan Marsh for
their valuable comments. All remaining errors ane @wvn.



Abstract:

An important criticism of high-stakes testing p@&— policies that reward or sanction schools
based on their students’ performance on standafdests — is that they provide schools with an
incentive to focus on those subjects that playl@irothe accountability system while decreasing
attention to those subjects that are not part@ptiogram. This paper evaluates the impact of
Florida’s high-stakes testing policy on studenffigiency in the low-stakes subject of science.
We confirm that students in schools that were sametl under the policy made substantial gains
in the high-stakes subjects of math and readingalsfind that students in these schools made
similar achievement gains in the low-stakes sulgéstience. Further, we find that the
relationship between student learning in high-sdadjects and science was the same for
students in sanctioned and unsanctioned schodisatmg that the policy did not “crowd out”
learning in the low-stakes subject. We then preaesitnple model to illustrate how high-stakes
testing could have an overall positive impact ardsnt knowledge in low-stakes subjects. We
provide a limited test for this relationship anadfisome suggestive evidence that the increase in
student learning in the low-stakes subject coutdeg be due to correlations in the learning
across the high- and low-stakes subjects.



Introduction

School systems across the nation have adoptedratedality policies that reward or
sanction schools based on their students’ perfocman standardized tests. Such high-stakes
testing has been a dominant force in educatiortysince at least the 1990s. More than half the
states had already implemented some form of higkesttest before the No Child Left Behind
Act (NCLB) made it universal in 2002.

One of the most frequently raised concerns reggriigh-stakes testing policies is that
they provide schools with an incentive to focustorse subjects that play a role in the
accountability system while decreasing attentiothtse subjects for which student proficiency
is not part of the program (Nichols and Berline®20Gunzenhauser 2003; Groves 2002;
Patterson 2002; Murillo 2002; McNeil 2000; Jonealel999). The vast majority of these
policies base their rewards or sanctions exclugigelthe results of reading and math tests.
Though some policies are more expansive than gtfesvshold meaningful consequences for
whether students meet standards in other subjecksas science, history, or the arts. Failing to
provide students with skills in subjects other thasic math and reading could have important
consequences for the future of human capital irthiged States.

Schools have a clear incentive to reallocate timterasources away from these arguably
important but low-stakes subjects and toward thl4stakes subjects. If such a reallocation led
to increased student achievement in the high-stsilkgiects at the expense of proficiency in the
low-stakes subjects we would say that the policpviced out” learning in the low-stakes
subject. It is important to emphasize that thisrdgdn of crowding out focuses on learning
output, not teaching inputs. That is, if schookpranded to high stakes testing by increasing time

spent on math or reading while decreasing timetspescience we would only consider this



crowding out meaningful if students learned rekliness science material due to the decreased
attention to the subject. Importantly for our puses, any such crowding out effect clearly
implies a change in the relationship between stukisowledge in the high- and low-stakes
subjects.

A substantial amount of anecdotal and qualitagivieence indicates that schools and
teachers have responded to high stakes testingdjbstiag their teaching styles (McNeil 2000;
New York State Education Department 2004) and byoreng focus from low-stakes subjects
(CEP 2006; Jones et.al.1999; Gunzenhauser & Na@l1; King & Mathers 1997; Gordon
2002; Groves 2002; Murillo & Flores 2002). Howewere is currently very little empirical
evidence on the impact of high-stakes testing f@sdion measured student proficiency in
subjects that are not part of the accountabilisteay.

In the only quantitative evaluation of this topfonhich we are aware, Jacob (2004) finds
that Chicago’s high-stakes testing system ledgniscant additional learning gains in the low-
stakes subjects of science and social studies. Hawke finds that these gains in low-stakes
subjects due to the policy were smaller than thosee high-stakes subjects of math and
reading.

In this paper we add to the limited previous reseay evaluating the impact of the
receipt of sanctions under high-stakes testindanida on the relationship between student
proficiency in the low-stakes subject of sciencd e high-stakes subjects of math and reading.
There are two important reasons to research thastoun in other school systems. By evaluating
the impact of sanctions under high-stakes testingtodent proficiency in low-stakes subjects in
another school system we can determine whetheetudts from Chicago are specific to that

area or hold more generally. Further, the systenmasinipulations of Chicago’s high-stakes



exam found in previous research (Jacob 2004; Jacdh.evitt 2003) may be driving the
differential relationship between student learrgagns in the high-stakes and low-stakes in a
way that may not exist in Florida. Previous reskeand-lorida finds that the results from that
state’s high-stakes exam have not been systenmgticahipulated and are generally reliable
indicators of student proficiency (Greene, Wintarsg Forster 2004; West and Peterson 2006).

Florida’s high-stakes testing policy is also ie&img because its design allows for use of
a regression discontinuity type approach not albkalan many other accountability systems. As
described below, whether public schools in Floriglzeive a meaningful sanction from the
accountability policy depends on whether they nezain F grade from the state. Beginning in
the 2001-02 school year, schools received let@iag by earning points under an elaborate
system designed to incorporate several aspecteddhool’s performance. We follow the
strategy of a previous paper by Rouse, et al. (0@ uses the change in the policy to control
for the heterogeneity of schools that receive lenfaor passing grade.

Our findings suggest that the differential indegd under Florida’s policy have had no
significant impact on the relationship between etidearning in the high-stakes subjects of
math and reading and the low-stakes subject ohseiéNe then go on to confirm the findings of
Rouse et al. that receiving an F-grade led to am®d student proficiency in math and reading.
Furthermore, we find that students in this cohaatimsimilar gains on the state’s science exam
as they did on the math and reading exams. Thuggsults indicate that Florida’s policy has
not led to significant crowding out of the learnioigscience and that this finding is not due to
failure of the policy to produce student gainséad@demic proficiency.

At first, these results may seem counterintuitimesome ways, it seems obvious that

high-stakes testing in certain subjects would Eatbols to focus on those areas. In fact,



encouraging schools to shift their priorities todvéitose topics more conventionally recognized
as academically important (i.e. math and readim@rguably one of the explicit purposes of the
policy. To reconcile our findings with incentive rimizing behavior we present a simple model
that illustrates how high-stakes testing could hav@verall positive impact on student
knowledge in low-stakes subjects. The frameworsved! for potential complementarities in
learning across subjects and the possibility absitive effect from testing on the overall school
environment. We then take this theoretical modé¢he&data and find some limited evidence that
the increase in student learning in science isgmilgndue to correlations with the learning of
math, and reading.

Florida’s A+ Accountability Program

Florida is among the nation’s leaders in high-stalesting. Most agree that the state’s
A+ Accountability Program (A+) is one of the moggaessive programs of its kind. This policy
was a clear template for the structure of the @deCLB law.

Each year the state administers a standardizgdhe Florida Comprehensive
Assessment Test (FCAT), in math and reading tpwlic school students in the state who are
enrolled in grades 3-10. Schools receive lettedggafrom A to F, based on the percentage of
their students meeting particular achievement &eaat the academic progress of students in
certain subgroups.

There are two potentially important treatmentssichiools that receive an F grade under
the program. First, students in schools that reciw failing grades from the state within the
previous four-year period are offered Opportunith&arships (vouchers) that they can use to

attend another public school or a private schaat ihwiling to accept the voucher as a full



tuition payment. After receiving their first F grade, schools matempt to increase their
performance in order to avoid receiving a secoatdrthus losing students and funding to the
voucher program. Secondly, the act of distinguiglsohools as “failing” could have a
motivational effect on schools. In particular, seveesearchers have suggested that such
policies are effective because they “shame” schotdsbetter performance (Figlio & Rouse
2005; Ladd 2001, Carnoy 2001, Harris 2001). Is gaper we are not particularly concerned
with which of these or any other aspects driveaases in student performance in either the high
or low-stakes subjects.

A change in the administration of the program pes an interesting avenue for
researching Florida’s policy. In the initial yeafsthe program, school grades were based on the
percentage of students earning level 2 (the seloavekt of five levels) or above on the reading,
math, and writing portions of the FCAT and the patage of eligible students tested. Schools
could avoid earning an F if at least 50% of testedients scored at achievement level 3 in
writing or if 60% of tested students scored at I&vim reading or math and 90% of eligible
students are tested. Schools that met all thrédgest criteria earned a C and schools meeting
them for all specific sub-populations received &8.earn an A schools had to meet more
stringent requirements for the overall student pepan and each specific sub-population. The
widespread opinion was that schools determinedavtiteng requirement was the easiest to
achieve under the original school grading format sinuggling schools began teaching specific
writing techniques geared to that portion of tharaxo avoid earning an F.

In 2001-02 the grading criteria were changed tduata schools based on a variety of

characteristics using an accumulating point sysfrhools earn one point for each percent of

! The voucher provision of this policy was recently oweréd by the state’s Supreme Court, though it was @ceff
during all years in which this study takes place.



students who score in achievement levels 3, 4,(tredthree highest of five levels) in reading
and one point for each percent of students whaeseodevels 3, 4, or 5 in math. Schools earn
one point for each percent of students scoringpBabove in writing, which is graded from 1 to
6. Schools earn one point for each percent of stsdeho make learning gains in reading and
one point for each percent of students who makmileg gains by improving achievement
levels, or maintain a relatively high level of 3,04 5 in math. Schools also earn one point for
each percent of the lowest performing readers wakentearning gains from the previous year.
A school that earns fewer than 280 points receavisling grade. The complicated nature of the
grading process should make direct manipulatiahe®ystem relatively difficult.

Beginning in the 2002-03 school year, Florida pubthools also were required to
administer a science version of the FCAT when tdyinistered the math and reading exams.
The science test is currently administered tow@llic school students in grades 5, 8, and 11.
Though the results of the science test are madkcpuavailable, they have no effect on the
school’s grade, nor do they have any other forrmabantability purpose.

Several researchers have evaluated the impalee &+ program on the academic gains
of public school students in math and reading (Raisal. 2007; Greene and Winters 2004;
Chakrabarti 2005; Figlio and Rouse 2005; West agtdrBon 2005; Greene 2001). Though there
is some disagreement about which aspect of theuataility policy was effective (threat of
vouchers or shaming), each of these analyses filadhe policy has improved the
performance of students in public schools desighasefailing. We are aware of no previous
research analyzing the impact of the A+ programs@ence test scores.

Data



We utilize a dataset provided by the Florida Depant of Education that contains test
scores in math, reading, and science as well asgi@phic characteristics for the universe of
students enrolled in grades 3 — 10 in a Floriddipwichools. We supplement the individual-
level dataset with school-level information abdwe school’s point total and letter grade under
A+ at the end of school year 2001-02. To aid mrecomparisons across subjects, we convert
the FCAT scores into a scale score with a meanaofddstandard deviation of 1 for students who
were in our sample.

For this analysis we focus on a sub-set of studeraiow us to estimate the impact of
the A+ grading program. Following Rouse et al. (2Q@ur analysis includes only those students
who were in the fifth grade in 2002-03 and were alatively promoted at the end of the 2001-
02 school year. The class of 2002-03 is the forstttend a school after it had been assigned a
grade under the revised point system. Also, forpauticular purposes we are interested only in
fifth grade students because this is the only eteamg grade in which a science exam was
administered.

Method

In order to best align our findings with the pays literature, we utilize the basic
comparison strategy implemented in a recent prevabudy evaluating the impact of Florida's
A+ policy on student achievement in math and regdim particular, we attempt to reproduce
the basic procedure adopted by Rouse et al. (2007).

Our sample consists of the universe of Floriddipidzhool students who were enrolled
in the fifth grade in 2002-03 and were cumulativetgmoted at the end of the prior year. This

was the first class of fifth grade students attegdi school after it had received a letter grade
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under the revised point system of the A+ policy. fikgher focus only those students with both
a math and reading test score reported in 2001:62602-03.

We supplement the individual level data with adstmative information on the school's
grade and points earned under the A+ system dthiengummer of 2002. In the analyses that
follow we control both for the school's letter geaat the end of the 2001-02 year and the total
points earned under the grading system. The idemiti¢hat after controlling for the points
earned by the school accounts for differenceshoacperformance, and thus any additional
impact of receiving an F-grade is the causal impétte pressure faced under the accountability
policy.

Following Rouse et al. we also calculate and abidr the grade that the public school
would have received during the summer of 2002eafdtate had not changed its grading policy
that year. Since the change in the grading poliag melatively sudden, accounting for the grade
that the school would have received under the ydtesn could help to account for the extent to
which schools could have been surprised by theybli

We use this general comparison strategy to peréosaries of cross-sectional
regressions. We are first concerned with discogenhether there is a differential relationship
between student knowledge in the high-stakes stshfgrl science. We then evaluate whether
any such differential relationship (or lack thefgis caused by differential gains in student
learning in these subjects between the fourth ditdgrade years.

The Impact of High-stakes Testing on Relative Kadge in High and Low-stakes Subjects

2 Qur calculation of predicted 2002 school grades underthgystem are similar to those of Rouse et al. for grade
levels A, B, and F. However, several schools that ourteesutjgest would have been classified as receiving a D
grade were classified as they would have received a C graReusg et al. The reason for this difference is unclear.
However, as we will see, this seems not to produce veerelift results in the results of our estimations.
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The idea that high-stakes testing causes schoal®tvd out learning in low-stakes
subjects implies that the relationship betweenetuénowledge in high- and low-stakes
subjects changes when faced with high-stakes sausctiVe assume that knowledge across
subjects is significantly but not perfectly corteld If schools faced with high-stakes sanctions
respond by increasing student proficiency in maith @ading to the detriment of their learning
in science then we should see a difference indlaionship between student knowledge in the
high- and low-stakes subject in schools subjetihiéosanction. That is, in a sanctioned school we
would expect that each unit of knowledge in matheading would translate into fewer units of
knowledge in science.

We can directly estimate whether obtaining an&dgrcauses a differential relationship
between student knowledge in the low-stakes subfestience and the high-stakes subjects of
math and reading by utilizing student test scoed@@mographic information from the 2002-03
school year. Our basic model for estimation takesform:

Science, = S, + B,Grade,_, + 5, X + B, f (POINTS, ) + B,Y, + Bs(Grade,_, *Y,,) + &
(1)

Where Sciengg is the test score in science for student i in stBaluring year t; Grade is the

letter grade earned by the student's school isuh@amer of 2002; X is a series of control

variables for student attributd§POINTS) is a cubic of the number of points earbedhe

school during the summer of 2002; Y is the studestabre on the high-stakes math or reading

exam; ang is a stochastic error term clustered at the sclevel.

We can estimate equation (1) efficiently using OE&. our current consideration, the
primary variable of interest [&, which can be interpreted as the differentialtreteship

between student proficiency in science and praficyen math and reading in schools that
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earned an F the previous year compared to studetitese schools that operated without the F
grade sanction. If the sanction of earning an Egtaads schools to crowd out learning in
science then we would expect these coefficientetsignificantly negative, indicating that each
additional unit of knowledge in math or readingresgents fewer units of knowledge in science
in F graded schools.

The results of estimating multiple versions of &ipn (1) are reported in Table 1. In the
table we report results of estimation incorporatimgth and reading scores individually and then
together in the equation.

[TABLE 1 ABOUT HERE]

The first result to notice is that our assumptioet student knowledge in math, reading,
and science is correlated appears to be accuratl. & our estimations finds a statistically
significant relationship between student test ssorescience and scores in math and reading.

The combined results of the all the estimationisciate that earning an F grade has no
significant impact on the relative knowledge ofdgnts in science and proficiency in reading. In
none of the reported estimations is the coefficaanthe F grade or interaction between reading
scores and earning any particular grade found ttdiestically significant at any conventional
level.

The results in math are somewhat more interedstiege we pay closest attention to the
regression including both student proficiency inttmand reading. The comparison group for the
school grade and interaction terms are studerassghool that received a D-grade. The
insignificant t-statistics on the F-grade and Cdgranteraction variables indicates that there is no

statistical difference in the relationship betwstudent proficiency in math and science for
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students in F, C, and and D-graded schdélswever, the results do suggest that students in
schools graded A, or B had a differential relattopsetween math and science proficiency than
students in schools graded C, D, or F. FurtheE-&st of the coefficients finds a significant
differential relationship between math and scigmadiciency among the A, and B schools
themselves. It is worth noting, however, that thdifflerences are relatively minor.

These results suggest that there has been noiagwdt of science for math proficiency
in the F, C, and D schools relative to each ottt that there has been a small but statistically
significant crowding-out of math in these lowerfpeming schools relative to the higher
performing A, and B schools. This is particulariyaresting because we would most expect to
find a difference in the response of F relativ®tschools because the distinction between these
grades is the distinction between receiving orraoeiving a sanction. One possibility is that D
and C schools respond to their close-call fromiveg the F-grade sanction in the same way
that F-schools respond to the true sanction. Futgearch is necessary to shed greater light on
this issue.

The Impact of the F Grade Sanction on Student GaikBgh and Low-stakes Subjects

These results suggest that sanctions under Fleihdgh-stakes testing program have not
led to substantial crowding out of student proficig in science. One possible reason for the lack
of such a change in this relationship would b&df F grade sanction did not lead to increased
student proficiency in any subject. That is, pegiidge high stakes testing program had no effect
at all.

Several previous studies have found that the &egsanction in Florida has had a

positive impact on student proficiency in math agading. Here we attempt to reproduce the

3 An F-test confirms that there is no statistical difference/éen the interaction with the C-grade and F-graded
schools at the 10% level.
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findings of Rouse et al. that the F-grade sand&edrto substantial improvements in student math
and reading proficiency. Further, we go on to pievhe first evaluation of the impact of the F-
grade sanction on student learning gains in science

To evaluate student gains in these subjects u@FdRouse et. al. to estimate a simple
education production function taking the form:

Ty =0, +0,f(Ty_,) +J,Grade, + 3, X, +3J,f (POINTS,,) + o, (2)
Where T indicates the student's test scifiies.1) is a cubic of the student's test score in therpri
year (fourth grade); is a stochastic error term clustered by schoa;ahother variables are as
previously defined.

In the case of math and reading, we can direstiynate (2) by OLS. However, the
situation is more difficult in the case of sciefimxause schools only test science in the fifth
grade. Thus, we are unable to directly obseryg ¥:for science and must develop a proxy for
its value. Instead, we use the student's prioreaeiment in math and reading to proxy for prior
proficiency in science. This assumes that studesfigiency in science is highly correlated with
proficiency in math and reading, which is consisteith our findings reported in Table 1. We
further assume that there was no systematic difterén the relationship between student
proficiency in these subjects in schools that aid did not receive an F-grade in the summer of
2002 prior to the school receiving that grade.

The results of our estimations of (2) in math, regdand science are reported in Table 2.
Our findings in math and reading are very simil@el{ within a 95 percent confidence interval
of their original findings) of those reported byu®e et al. (2007). Our estimation suggests that
students enrolled in an F-graded school made @499 standard deviations in reading and

0.17 standard deviations in math relative to sttglenD-graded schools. Further, there is no
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statistically significant difference in the perfante of A, B, C, and D-graded schools. The

similarity of our results with those reported byuRe et al. suggests that we have reproduced

their procedure relatively well, which provides dmohal confidence to our results in science.
[TABLE 2 ABOUT HERE]

Column 3 of the table reports the results in seilere we find that the F grade
sanction also had a substantial positive impac¢hergains made in student proficiency in
science of about a 0.08 standard deviation gaér afte year. This impact is quite similar to that
in reading but lower than that in math. The resu#tignificant at the 5% confidence level.

These results are consistent with the previousirfgs on the relationship between
student learning in the high-stakes subjects amohieg in science. Rather than being driven by a
lack of gains in math and reading, the prior reapfiears to be driven by students making
substantial busimilar gains in the high-stakes subjects and scienceapjdear to have found no
difference in the relationship between studentiiegy in reading and science because students
made essentially identical gains in these subjécigher, our limited finding of a potential
differential relationship between math and scigmadiciency is driven by students making
particularly large gains in math. That is, students-graded schools made greater gains in
science than their contemporaries in unsanctiookdats but these gains were slightly lower
than the gains made in the high-stakes subjeciatim
Understanding the Effects of the F Grade Sanctiosoence Proficiency

The combination of our findings that the F-gradection led to substantial
improvements in science proficiency and that s@emas not substantially crowded out by
additional learning in math or reading may seenteqgodd. It is clear that under Florida’s policy,

point maximizing public schools have an incentivdédcus on the high-stakes subjects to the
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detriment of the low-stakes subjects in the clagsrorhis somewhat obvious relationship is the
driving force behind the finding of such crowdingtan the large amount of qualitative research
and anecdotal evidence on the impact of high-stedstsig on general student knowledge.

There are, however, two potential reasons thdt-kigkes testing could increase
performance in low-stakes subjects which are afjaored in such discussions. First, there may
be correlations in knowledge across different sttbjsuch that if students gain additional
knowledge in one subject (math or reading) thisgfarms into the ability to learn in other
subjects as well (science). Second, implementatidngh-stakes testing could lead schools to
adopt policies and attitudes that improve theifgremrance school-wide, not only in the high-
stakes subjects. For example, high-stakes testinigl tead schools to expect high achievement
for students generally, shame schools into impiteir overall performance, lead principals to
adopt policies that recognize excellence acrosscheol, etc. Rouse et al. (2007) find that
schools responded to receiving the F-grade sanitiarvariety of ways, including adopting
block scheduling and increasing time for collab@eaplanning and class preparation. Such
changes in the overall school environment couldehamilar effects in the teaching of science as
in math or reading.

We can incorporate what we have learned from oenvipus estimations to develop a
theoretical model for the impact of adopting higakes testing on changes in student
proficiency in low-stakes subjects. Consider adimmodel for learning in science similar but,
for illustration purposes, more specific to thatgtiation (1):

Science=¢, +,Sciencg, +¢, X, +
w{Math (F) - Math_,] +,[Read, (F) - Read, ,] + ¢/sFye; +
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Where Science, Math, and Read indicate the stsdamficiency in those respective subjects, F
indicates that the student attended a school ¢taived an F-grade, and X continues to be
student demographic controls. This revision of ¢éigua(1) directly incorporates our finding that
science, math, and reading proficiency are allig@rtfunctions of the F grade sanction. Further,
we only allow student proficiency in year t to b&iaction of the F-grade to evaluate the impact
of changing the policy, which is also the focusof empirical approach.

This very simple illustrative model also allowsdnt learning in science to be driven by
learning in other fundamental subjects. This reteghip suggests improvements in student
knowledge in alternative subjects are complimeitgtearning in the core subjects of math and
reading. That is, a student who learns more in raathor reading could gain additional basic
skills that make them better able to acquire kieolgk in another subject, such as science.

We can evaluate the impact of earning an F gradsi@mce proficiency by taking the

partial derivative of (4) with respect to F:

6 4 4 FPETAR 4 48
dscience Math O Read,
= + +
oF O =

Syst}micEéct

s (5

Equation (5) separates the impact on sciencegeeofity occurring from the sanction
from earning an F-grade into two factors. The faest of factors is the indirect effect of earning
an F-grade. This comes from the increased profigi@m high-stakes subjects multiplied by the
degree of complementarities between gaining aairkhowledge in these subjects on the
student’s knowledge in the low-stakes subject. @ferrto this impact as the “correlation effect”
because it derives from the correlation in learrdnogpss subjects. This effect incorporates the

fact that there are complements in student learaangss subjects.
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The second term is the direct effect of earning gmade on the student proficiency in
the low-stakes subject. The impact of this termdde either positive or negative. If the F-
grade sanction tends to decrease student leamsgjence due to crowding out or any other
factors then the coefficient will be driven downdaHowever, it is also conceivable that the F-
grade sanction could have indirect positive consreges for science proficiency if schools adopt

structural reforms that increase the productivitthe entire school. The expected sigr4éfis

thus ambiguous. We refer to this as the “systerfiféct because it results from the response of
the overall school system to earning an F-grade.

The results of the previous evaluations in thiggpallow us to provide a suggestive
evaluation of whether the extent to which the pesiimpact of earning an F grade on science
proficiency is driven by a correlation or systemftect. However, it is worth emphasizing that
the procedures pursued below should not be corsldare causal tests of the existence of a
correlation or systemic effect on science achieventather, we only seek to pursue our data to
the best of its abilities to get a suggestive antéar what might be driving the results. Future
research utilizing alternative strategies is like@cessary for firm findings on this question.

The coefficientsy, andys are the impact of a unit of student proficiencynath and
reading, respectively, on proficiency in science Wéve consistent estimates of these values
from estimation of (1) without inclusion of the Rdainteraction terms (since they are later found
to be equal to zero) found in Column (1) of Tahl&drther, the coefficient ops in our
estimations of (2) reported in Columns (1B), (28)d (3B) in Table 2 are consistent for

dScience Math oRead .
, and , respectively.
fo o Jo o Jo o

We can substitute our consistent estimates foetkiakies into (5). This leaves only to

be determined, which we can do directly since vedlelt with a single equation with one
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unknown variable. After this substitution and algetve find thatys =-0.023. This indicates
that the large portion of the increase in sciernoees due to the F-grade is caused by the
correlation effect, but that there is some potéfiaa small crowding out systemic effect.
However, this algebraic procedure allows for mmsicance testing of the estimate.

To evaluate the robustness of this result and geosignificance testing we go on to
directly estimate (4) from the data, incorporatingtochastic error term clustered by school. We
continue to proxy for Scienggeusing prior student achievement in math and readResults of
this estimation are found in Table 3. The estinmafinds a strongly positive relationship
between science scores and gains in math and geawlticating the likely existence of a
correlation effect. We also see that the coefficermluating the independent effect of the F-
grade sanction on gains in science is quite sigadl,here is statistically insignificant at any
conventional level. These results again indicad titie entire gain found in science due to the F-
grade sanction is likely due to the correlatioreetf

[TABLE 3 ABOUT HERE]

This finding is also consistent with the resultanfrthe estimations of (1) found in Table
1. In those estimations we found that earning gnalde had no independent effect on the
student’s level of science proficiency. The aboxecpdure simply incorporates those results
into the discussion of test score gains as well.

Summary and Discussion

In this paper we have evaluated whether the Fegsadction of Florida’s A+ program
has led schools to increase student learning im-siigkes subjects of math and reading to the
detriment of learning in the important but low-stalsubject of science. Our results indicate that

the F grade sanction led to substantial studenssgaithe learning of math, reading, and science
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and that science gains were not substantially deeefrom crowding out due to the incentive to
focus on high-stakes subjects. Finally, we producsnnple model to potentially explain the
impact of high-stakes testing on student learnmigw-stakes subjects. We provide some
suggestive evidence that virtually all of the pesiffindings in science could potentially be
attributed to complementarities in the learningnaith, reading, and science.

One reasonable criticism of our findings herdna tve may expect that student
proficiency in science is more highly correlatedhatearning in math and reading than other
low-stakes subjects. If this is the case then dlcethat the totality of the gains in science
occurring from the F grade sanction are drivenhgydorrelation effect would imply that high-
stakes testing would in fact crowd out learningsanh other subjects where knowledge is less
correlated with math or reading.

Unfortunately, students in Florida do not take dtadized tests in other low-stakes
subjects so we are unable to test this hypothéstsire research in other areas with high-stakes
testing that do also test in multiple low-stakelgjscts would be useful to test such an effect.
However, much of the discussion about the crowdmgeffect of high-stakes testing focuses on
its impact on science learning. Thus, though thidysis not a complete evaluation of the impact
of high-stakes testing in knowledgea low-stakes subjects, we do evaluate a subjecighat
thought to be important by practitioners, researched policymakers. We look forward to
future work evaluating the impact of high-stakestitey on student learning in low-stakes

subjects other than science.
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Table 1
Regressions evaluating the impact of F-grade samoin relative student knowledge in
high and low-stakes subjects

Coef. t Coef. t Coef. t
Reading 0.761 70.350 *** 0.555 44,200 ***
Math 0.629 66.920 *** 0.329 29.170 ***
A 0.013 0.390 0.008 0.180 0.011 0.340
B 0.012 0.430 0.003 0.080 0.007 0.240
C 0.005 0.280 0.007 0.280 0.006 0.320
F 0.020 0.570 -0.017 -0.450 -0.013 -0.390
A * Read 0.014 1.180 -0.007 -0.520
B * Read 0.015 1.210 -0.001 -0.050
C * Read 0.012 1.000 0.014 1.020
F * Read 0.002 0.090 0.025 0.830
A * Math 0.071 6.760 *** 0.046 3.750 ***
B * Math 0.048 4,240 xx* 0.030 2.300 **
C * Math 0.022 2.020 ** 0.002 0.180
F * Math -0.029 -1.170 -0.035 -1.350
R_
Squared 0.6759 0.6143 0.7231
N 150,458 150,458 150,458

Estimated with OLS with robust standard errorstelesi by school.

Dependent variable is the student's test scoraefifth grade science exam. Models
additionally control for year, Limited English PicEncy Status, Free or Reduced Priced Lunch
status, race, gender, disability classificatioedprted score in summer of 2002 if kept the old
grading system, a cubic for the number of point®etearned in summer of 2002.

* Statistically significant at 10% level
** Statistically significant at 5% level
*** Statistically significant at 1% level



25

Table 2
Regressions evaluating the impact of F-grade samoti student proficiency and gains in
high- and low-stakes subjects

Dependent Var: Reading Math Science
Coef. t Coef. t Coef. t

Prior Reading 0.759 238.220 *** 0.539 133.430 ***

Prior Reading "

2 -0.009 -6.490 *** -0.008 -5.120

Prior Reading »

3 -0.024  -40.290 *** -0.016  -23.400 ***

Prior Math 0.806 214.900 *** 0.329 79.810 ¥+

Prior Math ~ 2 -0.004  -2.490 ** 0.015 10.480 ***

Prior Math ~ 3 -0.029 -42.980 *** -0.009  -13.550 ***

A -0.003 -0.100 0.003 0.060 0.023 0.510

B -0.005 -0.180 0.005 0.110 0.006 0.160

C 0.006 0.320 0.002 0.090 0.003 0.120

F 0.086 2.940 *x* 0.175 3.840 *** 0.087 2.160 **

R-Squared 0.6949 0.6871 0.6588

N 152,003 152,003 151,604

Estimated with OLS with robust standard errorstelesi by school.

Models additionally control for year, Limited Engji Proficiency Status, Free or Reduced Priced
Lunch status, race, gender, disability classifaatpredicted score in summer of 2002 if kept the
old grading system, a cubic for the number of mogtahool earned in summer of 2002.

* Statistically significant at 10% level
** Statistically significant at 5% level
*** Statistically significant at 1% level
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Table 3
Estimating Systemic and Correlation Effect

Prior Reading 0.644 167.060 ***
Prior Reading "

2 0.003 2.190 **
Prior Reading »

3 -0.008 -11.840 ***
Prior Math 0.343 81.770 ***
Prior Math " 2 0.010 7.050 *x*
Prior Math ~ 3 -0.001 -1.770 *
Read Gain 0.424 104.120 *=*=
Read Gain " 2 -0.011 -3.310
Read Gain " 3 -0.003 -1.820 *
Math Gain 0.281 60.540 ***
Math Gain " 2 0.010 3.270 x**
Math Gain " 3 -0.004  -3.080 ***
A 0.023 0.670

B 0.009 0.290

C 0.002 0.080

F 0.001 0.020
R-Squared 0.7371

N 150,458

Estimated with OLS with robust standard errorstelesi by school.

Dependent variable is the student's test scorbefifth grade science exam. Models
additionally control for year, Limited English Praency Status, Free or Reduced Priced Lunch
status, race, gender, disability classificatioedmted score in summer of 2002 if kept the old
grading system, a cubic for the number of point®etearned in summer of 2002.

* Statistically significant at 10% level
** Statistically significant at 5% level
*** Statistically significant at 1% level



