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1 Introduction

Being retained in grade has profound, long-term effects on students. A vast literature
has investigated the effects of retention, with the most consistent finding being that the
effects are heterogeneous across students (Fruehwirth, Navarro and Takahashi, 2016;
Gary-Bobo, Goussé and Robin, 2016). However, relatively little is known about why
school administrators advocate for certain students to be retained. This study inves-
tigates how administrators’ retention strategy changes when the accountability rules
their schools are subject to change.

Labadie (2021) finds that when a state adopts a growth-based accountability system
- one which includes a measure of year-to-year growth in within-student standardized
test scores - administrators respond by retaining 18% fewer students on average, and
that the effect is even more pronounced in the final grade offered by a school (the
terminal grade). Given the developmental effects of retention, understanding which
students are differentially promoted or retained due to the policy change is crucial
for any insight into its welfare effects. Does a change to growth-based accountability
reduce the number of students retained near the passing threshold - those who are
unlikely to benefit from retention relative to those near the bottom of the score distri-
bution (Gary-Bobo, Goussé and Robin, 2016)?

This study would contribute to a large literature analyzing the unintended conse-
quences of school accountability systems. Many studies have found that accountabil-
ity systems often lead to administrators and teachers focusing resources on “high-
leverage” students (Reback, 2008) or schools (Craig, Imberman and Perdue, 2013).
High-leverage students are those who are relatively likely to pass the standardized
exam with additional resources, and high-leverage schools are those that are rela-
tively likely to earn a passing rating from the state education agency with additional
resources. The distributional effects of these effects is of great interest; such incentives
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lead to both high- and low-performing students and schools receiving fewer resources
relative to the no-accountability case. Growth-based accountability systems, by plac-
ing value on within-student progress, gained popularity as a solution to these unin-
tended consequences. This study would offer one evaluation of their effectiveness in
doing so.

I extend the conceptual framework developed in Labadie (2021) to allow adminis-
trators more flexibility in the retention decision. The overall predictions of the model
are the same: adding growth-based accountability results in more retention in early
grades, and less in the last grade offered by a school. However, the distributional
predictions of the model suggest that in the presence of growth-based accountability,
administrators will retain higher-performing students in early grades than under pass-
ing rate-based accountability, and only the lowest-performing students in the terminal
grade. This prediction, if consistent with school behavior, would suggest that growth-
based accountability is successful in redirecting administrator focus from students
close to passing the exam to low-achieving students. Under passing rate-based ac-
countability, the model predicts much more retention of such high-leverage students,
particularly in the terminal grade.

I analyze the response of administrators to growth-based accountability using student-
level data from Texas public schools. This data covers the universe of Texas public
school students from the 1994-95 school year through the 2017-18 school year. I plan
to use a triple-differences technique to analyze the effect of the policy change on stu-
dents with differing test scores, in terminal grades relative to those not in terminal
grades. Using individual-level data is key, as it allows me to observe the test scores
and retention status of individual students; aggregate data, which does not include
average score, or even passing rate, by grade and retention status, does not allow for
any distributional analysis.

The paper is structured as follows. Section 2 conducts a brief literature review. Sec-
tion 3 describes my conceptual framework and simulation results. Section 4 describes
the data I intend to use in more detail. Section 5 shows some descriptive statistics and
preliminary results. Section 6 describes my proposed empirical strategy, and Section 7
concludes.

2 Literature review

Previous research on retention is largely limited to inquiries regarding its long- and
short-term effects on students. Studies of the unintended effects of school account-
ability systems are numerous, but frequently constrained in scope by data limitations.
Much of the research on retention has focused on the long-and short-term effects on
being retained on an individual. Many have found that being held back has nega-
tive long-term effects on a student, including on beginning-of-career wage (Brodaty,
Gary-Bobo and Prieto, 2013); probability of dropping out and delaying graduation
(Cockx, Picchio and Baert, 2017; Manacorda, 2012); and probability of criminal con-
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viction (Eren, Lovenheim and Mocan, 2018). Some, including Diris (2016) and Man-
acorda (2012), have even found negative short-term academic effects. On the other
hand, some studies have found evidence that retention can be beneficial, particularly
in the short term. The mechanism through which Duflo, et al. (2011) find that tracking
can be beneficial to students can be applied to retention. A student performing below
his class median might benefit from retention because his ability level will be closer
to the median than if he had been promoted; further, his erstwhile class may benefit
from the teacher being better able to target her instructional level. Greene and Winters
(2007) found that among failing Floridian students, students that were retained out-
performed those that were promoted in the years following retention. Figlio and Özek
(2019) find substantial benefits of early retention for English language learners. Schw-
erdt, West and Winters (2017) find long-lasting positive effects on test scores and GPA
with no effect on probability of graduation or dropout. A large strand of literature
finds heterogeneous effects. In particular, the evidence suggests that early retention
can improve academic performance, while later retention can be harmful to perfor-
mance and dropout probability (Jacob and Lefgren, 2004, 2009); that early retention
harms students on average, but might benefit students that would receive additional
parental and school investment (Fruehwirth, Navarro and Takahashi, 2016); and that
retention in junior high school is beneficial to the academic performance of weakest
students, but reduces the probability of entry into high school (Gary-Bobo, Goussé
and Robin, 2016).

One study closely related to the proposed research is that of (Almond, Lee and
Schwartz, 2016) in which the authors test for differential enforcement of retention pol-
icy in New York City schools. This work, however, does not explore the incentive
structure that may lead administrators to enforce retention policies more strictly for
a given group than for another; looks only at schools in New York City, which has a
unique institutional background distinct from that of Texas; and leaves the question
of administrator preferences un-addressed, concluding only that administrators em-
ploy “patterned discretion” in the usage of standardized test scores. My proposed
research would complement the work of Almond, Lee and Schwartz (2016) by ac-
counting for important institutional factors and developing theoretical explanations
for the observed trends to shed light on the economic decision-making processes ad-
ministrators employ when faced with a retention candidate.

This study fits into the literature on the economic decision-making of school ad-
ministrators, and in particular extends the literature on the way that administrators re-
spond to the incentives created by accountability systems. (Craig, Imberman and Per-
due, 2013) find that Texas school districts make short-term investments in instruction
after failing to meet the state accountability standard. Figlio and Winicki (2005) docu-
ment that Virginia schools facing accountability sanctions increase the caloric content
of lunch menus on test days. Reback (2008) shows that Texas students perform bet-
ter when their scores are especially important to their schools’ accountability ratings,
suggesting targeted resource management. On the whole, the research clearly shows
that schools and districts are very sensitive to whether or not they pass accountability
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standard, and that they will change their behavior in targeted and subtle ways to in-
crease their chances of passing.

The established research shows that administrators are motivated by school ac-
countability standards, and that they use a variety of tools to satisfy the standards. It
is also well-established that retention, particularly at early ages, affects student per-
formance and thus school performance, though the direction of the effect is still a
matter of debate. Further, the evidence suggests substantial negative long-term effects
for students. It is important to study the determinants of retention, and the role that
accountability standards play in the retention decision. Administrators may target re-
tention, focusing on the students whose scores are most likely to benefit their schools’
accountability score after retention (for example, younger students that nearly pass the
STAAR exam), or they may be less likely to retain any given student given the high
cost and uncertain test performance returns of retention.

3 Conceptual framework

Because the overall effect of retaining a student is unclear, I build and simulate a basic
one-school model of grade retention. The model relies on a factor model formulation
of student skill accumulation and skill measurement by standardized exams, follow-
ing the basic structure of Cunha and Heckman (2008). In each period t, students at
the school earn a score on the state’s standardized exam. Assume that there is only
one subject exam, and only one score counts towards the school’s rating. Assume that
student scores are represented by the following dynamic factor structure:

sit = µ + α(git)θit + εit (1)

where i represents the individual student, and θit is a dynamic factor for each stu-
dent. α(git) is the factor loading parameter, which translates latent ability θit into a
measurable score, sit. It is a function of the student’s grade, git, reflecting the fact that
students in different grades take tests of different difficulty levels; ∂α(git)

∂git
< 0, such

that students with the same latent ability values will earn lower scores in expectation
if they are placed in higher grades. εit represents a random shock to the measured
scores, representing the noisiness of test scores in measuring ability.

I assume the following form for students’ skills production:

θit = γ0 + γ1θit−1 + ηit (2)

where ηit is assumed independent across students and over time for the same students.
I assume that students draw some initial value θi0 prior to entering school. For sim-
plicity, I assume that retention does not affect the skills production function. Research
suggests that it would be more realistic to include retention in the skills production
function, and this is a consideration for future work.
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The administrator’s objective is to allocate students across grades to maximize ei-
ther the percent of students passing the state exam (passing rate) or both the passing
rate and the percent of students exhibiting sufficient test score growth from one year
to the next (sufficient growth rate). The school’s passing rate in year t is given by

Πt =
∑G

j=1 ∑N
i=1 1(git = j)× 1(sit ≥ π)

Nt
(3)

where G represents the final grade offered by the school and N represents the total
number of students. π represents the externally set passing exam score. Nt represents
the number of students whose scores count towards the school’s rating in year t:

Nt =
G

∑
j=1

N

∑
i=1

1(git = j). (4)

The school’s sufficient growth rate is assumed to be measured as follows:

Λt =
∑G

j=1 ∑N
i=1 1(git = j)× 1(sit − sit−1 ≥ λ)

Nt
(5)

where λ represents the externally set target amount of score growth for a given stu-
dent, and all other objects are as defined above. In reality, accountability measures of
student growth vary across states; however, the percent of students demonstrating a
sufficient level of score growth is a central component of all the growth-based account-
ability measures I analyze in this paper.

The school administrator is able to choose the difficulty of the exam that a student
is exposed to in a given year through retention. The administrator can choose to retain
a grade g student, and she will take the grade g exam rather than the more difficult
grade g + 1 exam. I assume that administrators make the retention decision by setting
promotion thresholds δg for each grade. Grade g students that score at or above δg are
promoted to grade g + 1, while grade g students that score below δg are retained and
repeat grade g. That is, administrators control students’ grade level g based on the
following:

git = git−1 + 1(sit−1 ≥ δg). (6)

I assume that retention is the only tool administrators have to influence their school’s
scores in this model; they can only affect Πt and Λt through their δg choices. δg af-
fects student scores, sit, directly through α(git(δg)), but it also affects the population of
grades g and g + 1 through Nt, since git is a function of δg.

I assume that the school administrator has two important constraints. First, he
must promote students that pass the standardized exam:

δg ≤ πg (7)

and he cannot retain a student in the same grade two years in a row

git 6= git−2∀i. (8)
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These constraints are based on common rules adopted by school districts and state
education agencies. The first has the additional feature of removing the option of re-
taining all passing students to maximize the school passing rate, which is appealing
for the simulation of this model. I assume that these constraints hold for administra-
tors regardless of the accountability system their schools are subject to.

An administrator of a school under a passing rate-based accountability system has
the following optimization problem:

max
δ1,δ2,δ3

Π(δ1, δ2, δ3) s.t. δg ≤ πg, git 6= git−2∀i. (9)

while an administrator of a school under a passing rate and growth-based account-
ability system has the following optimization problem:

max
δ1,δ2,δ3

Π(δ1, δ2, δ3) + Λ(δ1, δ2, δ3) s.t. δg ≤ πg, git 6= git−2∀i. (10)

The mechanisms driving the administrator’s decision are shown graphically in Fig-
ure 2. Figure 2a plots the relationship between a student’s grade level, his latent ability,
and his test score. Because the α function is decreasing in student grade level, the same
level of latent ability will translate into lower scores for students in higher grades in
expectation. A given student i with latent ability θit in year t earns a test score equal to
sit(θit, α(git = j)) if he is in grade j in year t. Figure 2a shows a student whose latent
ability grows from θit in year t to θit+1 in year t + 1, and the scores he would earn in
year t + 1 if he is retained or promoted. s̄ represents the maximum achievable score.
If retained, the student will earn a score of sit+1(θit+1, α(git+1 = j)); if promoted, his
score will be substantially lower, at sit+1(θit+1, α(git+1 = j+ 1)). If π, the externally-set
passing standard, is between sit(θit, α(git = j)) and sit+1(θit+1, α(git+1 = j + 1)), the
administrator’s objective function is expected to be as well-served by promoting the
student as by retaining him. In this case, an optimal δ1 will be set below sit(θit, α(git =
j)). If π is between sit+1(θit+1, α(git+1 = j + 1)) and sit+1(θit+1, α(git+1 = j)), however,
the administrator would be best-served by retaining the student. If promoted to grade
j + 1, the student would not be expected to pass the grade j + 1 exam; if retained, the
student would be expected to pass the grade j exam.

Figure 2b shows the relationship between a student’s grade level, his latent ability,
and the rate of change in his scores. For the same values θit and θit+1 plotted in Figure
2a, Figure 2b plots the partial derivative of s with respect to θ. The shape is determined
by the functional form of α, since α is a function of grade level, which is determined
by score - a function of θ. If λ, the externally-set sufficient growth standard, is be-
low ∂sit(θit,α(git=j+1))

∂θ , then the student’s score is expected to grow enough to pass the

standard if he is promoted from grade 1 to grade 2. If λ is above ∂sit(θit,α(git=j+1))
∂θ , the

student’s score growth is expected to satisfy the standard if he is retained, but not if
he is promoted to grade j + 1. To maximize the sufficient score growth standard only,
administrators should set δj such that students with ∂sit(θit,α(git=j+1))

∂θ < λ are retained;
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this occurs for students with relatively low θit. As a result, students with relatively low
scores are those more likely to satisfy the sufficient growth standard when retained.

To gain some insight into the retention decision under different accountability sys-
tems, I perform a Monte Carlo exercise, in which I perform 10,000 simulations of the
model. Each iteration simulates one school with three grades for ten years, with 100
new students entering the first grade each year. The parameter assumptions I employ
are given in Table 1. I define the factor loading αit =

1√
git

, which is the functional form
used in Figure 2. I assume that measurement is relatively noisy while the noise in skill
accumulation is relatively small: εit ∼ N(0,20). and ηit ∼ N(0,10). I also assume θi0 ∼
N(50,25), and that raw ability grows by 35 points per year in expectation, and thus
assign γ0 = 35. This means that the average student entering the school will score a
50 on the first grade exam in expectation, and if promoted each year, she will score a
60 on the second grade exam and a 69 on the third grade exam. Finally, I assume that
the state passing standard, π, is equal to 50, such that the average student would be
expected to pass the exam each year without needing to be retained. I assume that
the state sufficient growth standard, λ, is equal to 10, about the rate at which the aver-
age student’s scores are expected to naturally increase in the absence of retention. An
administrator of a school with students scores centered substantially below or above
the passing standard, or one whose student population’s scores are expected to grow
substantially slower or faster than the sufficient growth standard, could behave differ-
ently than the one I simulate.
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Figure 1: Level and year-to-year change in student score are affected by grade level

Figure 2a: Student scores for two different grades

Figure 2b: Rate of change in student scores for two different grades
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Table 1: Parameter values for simulation

Mean S.D.

µ 0 0
εit 0 20
γ0 35 0
γ1 1 0
θi0 50 251

ηit 0 10
π 50 0
λ 10 0
Number of students entering grade 1 each year 100 0
Number of years simulated 10 0
Number of simulations 10000 0

Notes:
1: Initial θit draw for students entering school.

The simulation shows that an administrator will use different retention strategies
to maximize schoolwide passing rate than he will to maximize both passing rate and
sufficient score growth rate. Figure 3 summarizes the results of the simulation. To
maximize both passing and sufficient score growth rate, an administrator should set a
higher δ1 on average than he would to maximize passing rate only, and a much lower
δ3. δ2 should be set similarly as under a passing rate-based system. The optimal δ1, δ2,
and δ3 values result in 2.925 percentage-point higher retention rates in the first grade
on average (a 37.5% increase), 0.201 percentage-point lower retention rates in grade
2 (a 3% decrease), and 6.485 percentage-point lower retention rates in the third grade
on average (a 77% decrease). These results are consistent with the mechanisms shown
in Figure 2. Students in grade 1 are expected to satisfy the sufficient growth standard
whether promoted or retained.
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Figure 2: Passing and growth rate-maximizing retention rates

The simulation further shows that the scores of retained students change in the
presence of growth-based accountability. The results show that an administrator re-
tains students with around 5-point higher scores in grade 1, on average, and students
with 0.2-point lower scores in grade 2 on average. In the terminal grade, retained
students score around 12 points lower on average in the presence of growth-based
accountability. In the terminal grade, low-achieving students are relatively likely to
pass the growth standard λ, and may achieve the passing threshold π, while high-
achieving students are unlikely to pass the growth standard, but more likely to achieve
the passing threshold. Growth-based accountability reduces the value of a student
achieving the passing threshold only, and as a result, retention rates in the final grade
fall.

[input figure summarizing differences in retained students’ scores here]

4 Data

I will use restricted student-level data, provided by the TEA and available through
the University of Houston’s Education Research Center, for this project. Observing
student-level test scores and attributes will allow me to perform a student-level analy-
sis of the retention decision, and in particular, an analysis of the way that schools value
student test scores in that decision. Since myriad individual attributes factor into the
administratorâĂŹs retention decision, an individual-level analysis is critical for un-
derstanding how the decision is made. Labadie (2021) analyzes the effects of growth-
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based accountability on the retention decision, finding that a switch to growth-based
accountability reduces retention rates by 18% overall, and that the effect is especially
pronounced in the final grade offered by a school. However, the study is unable to
analyze which students are less likely to be retained. With individual-level data, I will
be able to identify the extent to which administrators retain strategically based on stu-
dent test scores.

The data I intend to use spans the 1994-95 school year to the 2017-18 school year,
and multiple accountability systems. By using data covering such a large period of
time, I will be able to analyze the effect of different accountability system components
on retention strategy. The data includes observations of the universe of Texas public
school students over these 23 years. Though the exact variables that will be available
to me are yet to be agreed upon, I intend to use student-level attendance, test score,
demographic, special program enrollment status, and behavioral data. I will use these
data in conjunction with teacher identifying data, which can be linked to the student
data, to account for teacher-specific idiosyncracies in retention. I will also use school
ratings data and identifying data for school administrators.

5 Preliminary results and descriptive statistics

Still to come!

6 Empirical strategy

There are a few empirical strategies that might be appropriate for this study, but all
require that the data satisfy some identifying assumptions for valid analysis. Without
the data to analyze, it is difficult to say which strategies I will employ. One strategy I
will attempt is a difference-in-differences approach. I would estimate the following:

ysicdt =α + β11(t ≥ T)t + β21(gsicdt = gT
c ) (11)

+ β31(t ≥ T)t × 1(gsicdt = gT
c ) + γi + γc + εsicdt (12)

where yiscdt is equal to one if student s with instructor i in campus c and district
d is retained in year t, T represents the year after a change in Texas’ accountability
system, gsicdt represents the grade of student s, gT

c represents campus c’s final grade,
and γi and γc represent instructor, and campus fixed effects respectively. This strategy
is based on the finding of Labadie (2021) that a change to growth-based accountability
reduces retention differentially in the final grade offered by schools, as well as the
predictions of my conceptual framework. This strategy estimates the difference in
the change in within-student probability of retention in terminal grades relative to in
non-terminal grades caused by the change in accountability policy. I would use this
strategy as a baseline, to demonstrate that the effect documented in Labadie (2021)
holds in the Texas context, as well as to find the overall effect of the first accountability
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policy change, from TAAS to TAKS. To find the role that student scores play in the
retention decision, I include score as a third difference:

ysicdt =α + β11(t ≥ T)t + β21(gsicdt = gT
c ) + β31(t ≥ T)t × 1(gsicdt = gT

c ) (13)

+ β4Ssicdt + β51(t ≥ T)t × Ssicdt + β61(gsicdt = gT
c )× Ssicdt (14)

+ β71(t ≥ T)t × 1(gsicdt = gT
c )× Ssicdt + γi + γc + εsicdt (15)

where Ssicdt represents a measure of student performance on the relevant standardized
exam. β7 is the coefficient of interest, representing the marginal effect of an increase
in score on retention probability for a student in a terminal grade relative to in a non-
terminal one, pre- and post-policy change. I intend to use a measure of distance from
the relevant passing standard, or a standardized score, rather than the raw score, since
the scores on the tests administered under TAAS, TAKS, and STAAR are not on the
same scale. Since score is unlikely to have a linear effect on retention probability, I am
likely to use a form of quantile regression. The validity of these methods of identifica-
tion rely on the retention rates of students in terminal grades and non-terminal grades
following parallel trends in the years prior to the change in accountability system.

7 Conclusion

This study proposes to analyze the effects of the adoption of growth-based account-
ability in Texas on administrator retention strategy. Such a study would be the first to
investigate the distributional effects of growth-based accountability. I develop a con-
ceptual framework which proposes a theoretical explanation for why, after the adop-
tion of growth-based accountability, retention rates fall in the terminal grade offered
by a school and rise in earlier grades. Administrator incentive to retain students that
nearly pass the standardized exam is reduced by the addition of growth-based ac-
countability criteria, and their incentive to retain students at the bottom of the score
distribution rises. Students near the middle become less valuable to their scores, par-
ticularly in the terminal grade. The results of my study would allow for a better un-
derstanding of the effectiveness of adding growth criteria to accountability systems
to reduce some of the well-documented unintended consequences of accountability
systems, particularly the incentive to focus on high-leverage students.
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