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Abstract

We analyze how fatal shootings in high schools affect schools and
students using data from shooting databases, school report cards and the
Common Core of Data. We examine schools’ test scores, enroliment,
number of teachers, graduation, attendance and suspension rates at
schools that experienced a shooting, employing a difference-in-
differences strategy that uses other high schools in the same district as
the comparison group. Our findings suggest that homicidal shootings
significantly decrease the enroliment of students in grade 9 and test
scores in math and English standardized tests. Using student-level data
from California, we confirm that shootings lower test results for students
that remain enrolled.
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1 Introduction

Extreme violence between students in high schools may hinder students from
learning efficiently. Deadly school shootings have a potentially large effect on students
and schools. These incidents can affect students’ decision about whether to stay at
their school, affect their cognitive skills and influence their behavior at school.
Despite the fact that school shootings receive widespread media attention, the
educational consequences of deadly school shootings on enroliment and student
performance are not well known.

We address three questions related to the consequences of homicidal and suicidal
high school shootings. First, we address whether enroliment patterns change after
shootings, which would likely be the result of school selection by students and
parents, or students dropping out of the school system in response to the shooting.
Second, we examine whether deadly shootings lower test scores in schools in
subsequent years, which helps to establish medium-term trauma effects. Third, we
look at the effects of deadly shootings on a range of behavioral variables such as
graduation, attendance and suspensionrates.

We estimate the impact of deadly high school shootings by using a difference-
in-differences strategy, comparing schools that had fatal shootings with other high
schools in the same district that did not experience such shootings. To estimate
this, we merge an existing database of fatal shootings with the high-school-level
Common Core of Data (CCD) and school report cards to form a panel of schools.
Because we compare schools within the same district, our comparison group exhibits
an environment similar to our group of interest aside from the turmoil generated
by the shooting. Our empirical strategy relies on the assumption that these deadly
school shootingincidents are exogenousintheirtiming.

We find that enroliment in grade nine (the high school entrance grade) drops

following a deadly shooting, though we do not observe enrollment effects on subse-



quent grades the year after the shooting. We also find that standardized test scores
in math and English are lower in affected schools up to three years after a deadly
shooting. However, we do not find statistically significant impacts on behavioral out-
comes: graduation, attendance or suspension rates. We find that suicidal shootings
have no significant impact on our variables of interest. This suggests that results are
driven by the trauma associated with a murder at school.

This leaves open the question of whether students are affected by shootings or if
differences in performance instead reflect a composition effect. Composition effects
can dominate when high-achieving students leave the school following a shooting,
which then results in lower average scores for the school. To address this question,
we use student-level data from California. This data allows us to identify the average
treatment effect of shootings, conditional on students staying at the same high school
after a shooting. Using student-level panel data from California high schools, we
find that shootings have a negative effect on continuing students’ math and English
test scores. We find a decrease in test scores both at the school and student levels.

The rest of this paper is organized as follows: section 2 describes the framework,
section 3 provides descriptive statistics, section 4 explains the methodology used,
section 5 presents results, section 6 shows robustness results, and section 7

concludes the paper.

2 Framework

Violence in high schools may hinder students from learning efficiently. As mentioned
by Cornell and Mayer (2010), school safety and order are essential conditions for
learning, but represent a relatively unexplored area. Our paper contributes to the
literature that quantifies the impact of school violence on student outcomes by
looking at extreme violence: shootings at school.

Four theoretical mechanisms on how violence affects student development are



summarized by Margolin and Gordis (2000). First, psychobiological effects may
occursince experiences during childhood and adolescence affectthe human brain,
particularly due to its malleability (Perry, 1997; Weiss and Wagner, 1998). Second,
violence can result in post-traumatic stress disorder (PTSD). Four main PTSD
symptoms have been documented in children who have experienced trauma (Terr,
1991).! Third, school violence can have cognitive consequences. Research identifies
that exposure to trauma can resultin damage to the hippocampus (Sapolsky etal.,
1990), which is known to be involved in memory integration (Bower and Siver,
1998; McNally, 1998; Teicher et al., 1997). Fourth, school violence can cause
peer problems. Itis theorized that community violence negatively affects children’s
formation ofrelationships by reduced capacity to form secure attachments (Osofky,
1995).

Multiple empirical studies showthatexposuretoviolentcrimes causes students
to have PTSD. Pynoos et al. (1987) find that elementary school students experienced
PTSD after a fatal sniper attack on their school playground.? The severity of PTSD
was worse for all exposure levels if the students knew the victim well. Likewise,
Berman et al. (1996) find that students who have been exposed to violent crimes
show a greater number of PTSD symptoms. Among those who were exposed to a
violent crime, 44.3 percent were categorized as having “moderate” PTSD symptoms
and 18.6 percent as having “severe” PTSD symptoms.® Berman et al. find that
victims and witnesses exhibita similar number of PTSD symptoms.

Studies also find that adolescent violence exposure is associated with poor

mental health outcomes later in life. Kimmel (2014) identifies that adolescent

1These four symptoms are: (1) repeatedly perceiving memories of the event through visualization,
(2) engaging in behavioral reenactments and repetitive play related to the event, (3) fears related to
the trauma event, and (4) pessimistic attitudes reflecting a sense of hopelessness about the future and
life in general.

20n Feb 24, 1984, a sniper began firing from a second-story window across the street from an
elementary school at children on the school playground. Two children were killed and 13 were
injured.

3The categorization is based on the Frederick scoring system of the PTSD Reaction Index (PTSD-RI).



victims of violence are more likely to experience depression as an adult. In addition,
Hanson et al. (2014) show that exposure to violence early in life causes behavioral
problems. These papers provide evidence that exposure to violence has lasting
mental health consequences.

Exposure to violent crime may causes PTSD and poor mental health that diminish
academic achievement. Ding et al. (2009) identify that depression causes lower
student achievement using a set of genetic markers as instruments. McEwen and
Sapolsky (1995) demonstrate that stress, which is more common in people afflicted
with PTSD, increases the frequency of declarative errors, but has no effect on tasks
that have fewer declarative and more procedural components. Declarative knowledge
involves explicit knowledge of a fact, whereas procedural knowledge is implicit
knowledge of how to do something. Thus, exposure to violent crime causes PTSD
and poor mental health that diminish academic achievement.

In addition to PTSD and mental health issues, students may have an impaired
ability to concentrate in class because of violent incidents (Glew et al., 2005).
Students may also show reduced engagement in group learning activities that could
hinder learning (Buhs et al., 2006; Ladd, 2003). Lastly, violence may result in
absenteeism, which could lower enroliment and diminish student achievement (Buhs
etal., 2006; Chen, 2007).

Recent papers study the effects of school violence on educational outcomes.
Poutvaara and Ropponen (2010) analyze the immediate effect of a school shooting
in September 2008 at a school in Finland and they find that the shooting decreased

average test scores for boys but not for girls.*

4Chandler et al. (2011) build a predictive model of shootings, which helps determine which
students should be included in a highly targeted and resource-intensive mentorship program in
Chicago. Chandler et al. (2011) find that shootings are very hard to predict.



School shootings are not the only form of violence that may impair student
outcomes. For example, bullying is identified as a significant source of violence
affecting student outcomes. Recent papers identify that bullying has adverse effects
on educational achievement as well as long-term outcomes (Brown and Taylor,
2008; Eriksen et al., 2014).

Other papers study the effect of neighborhood violence on student perfor-
mance, including Grogger (1997), Sharkey (2010), and Sharkey et al. (2014). These
papers show that students are negatively affected by violence in their neighborhood.
Grogger (1997) studies how local violence, defined as a combination of school
violence and neighborhood violence, negatively affects educational attainment.
Sharkey (2010) and Sharkey et al. (2014) identify the negative effects of exposure to
a local violent crime on the cognitive performance of children.

Our study contributes to the literature by using extreme violent incidents (school
shooting) to minimize the selection bias that is generated by the concentration of
violence in disadvantaged neighborhoods in a non-experimental analysis. With a
reasonable assumption that fatal school shootings are exogenous in their timing,
the identified estimates show the unbiased effect of extreme violence in schools
on educational outcomes. Also, separating the effect of violence taking place in
schools from neighborhood violence is an additional contribution of the paper. Thus,
our study improves school safety research by providing evidence of the causal
effect of extreme school violence. Our results highlight a few facts about school
shootings. Our analysis suggests that lower test scores in math and English result
from homicidal shootings, but not suicidal shootings. Our results using student-level
data from California show that student test scores are affected by shootings and
that the difference in performance in schools with shootings is not only through a
composition effect due to good students not attending the schools. We can therefore
conclude that there is a decrease in test scores for the school overall and for individual

students; the lower test scores are present up to three years after a shooting. We also



show that the effect is not through school absenteeism, as behavioral variables are
not statistically significantly affected. Our analysis suggests that school resources
might be an important factor, as affluent schools are not statistically significantly

affected by school shootings.

3 Data and Descriptive Statistics

Our main data source of shooting incidents is the Report on School Associated
Violent Deaths from the National School Safety Center (2010). The report uses
newspaper articles to track shootings between 1994 and 2009.° Additional school
shooting data is from Washington Ceasefire and the National School Safety and
Security Services, which we verified with information from newspaper clippings.

We use the National School Safety Center’s definition of a deadly school shooting,
which is any homicidal or suicidal gun-related death in the United States that occurred
on the property of a functioning public, private or parochial secondary school; on
the way to or from regular sessions at such a school; while a person was attending or
was on the way to or from a school-sponsored event; or as an obvious direct result
of school incidents, functions or activities, whether on or off a school bus, school
vehicle or school property.

As shown in Figure I, we document 157 shootings in high schools between
1994 and 2009 that resulted in one or more deaths. These schools where shootings
occurred contained approximately 245,391 enrolled students, who may have suffered
negative direct or indirect consequences from the event. We do not detect any trend
in the annual number of deadly shootings. Among the 157 shootings that occurred
in high schools, 104 are categorized as homicidal and 53 are suicidal incidents.

Among the 104 homicidal shootings, 27 involve multiple deaths (ranging from 2 to

5We use the year of the fall semester to indicate the school year. For instance, we refer to the
2001-02 school year as 2001.



15 people).b

Data on school characteristics is from the Common Core of Data (CCD) from
the National Center for Education Statistics (NCES) from 1990 to 2009. The data
set provides a complete listing of all public elementary and secondary schools in
the U.S. and provides basic information and descriptive statistics on schools, their
students and their teachers. We use CCD data for enroliment per grade (grades 9 to
12) and number of teachers.’

We define our comparison group as other high schools in the same district.
Schools in the same district have many similar unobservable characteristics. As
Figure Il reveals, enrollment in other schools in the same district is not affected by
shootings. Thus, it is very unlikely that we double count the movement of students
from schools where shootings have occurred to comparison schools. Our estimates
can be viewed as a lower bound of the true effect of school shootings on student
outcomes because the comparison schools could be influenced due to their physical
proximity, albeit at a different magnitude. Figure Il shows a permanent decrease
in entrance grade 9 enroliment after a shooting takes place. Figure Il also shows a
similar trend for control and treatment schools before the shooting occurs.

School performance data is from each state’s Department of Education website.
A student’s ability in math and English is tested at least once during high school
using a standardized test. Information is extracted from each school’s report card and
from data files posted by each state’s Department of Education. We focus on data
from 2002 to 2010 due to availability. The No Child Left Behind Act passed in 2001
requires all schools receiving federal funding to administer a state-wide standardized
test; in most states, these results are posted online. Most states only publish the

proportion of a school’s students who fall into various categories of achievement,

5When a person killed someone else and then committed suicide, we categorized the incident as a
homicidal shooting. We classify accidental gun-related deaths in the homicidal category.
"There is no information on teacher turnover at the school level in the CCD.



such as “minimum,” “basic,” “proficient” and “advanced” performance, rather than
the actual mean scores of the schools. We use the proportion of students achieving a
proficient or advanced level on math and English state-wide standardized tests for
each school, which we refer to as the “proficiency rate”, as the outcome variable.

These tests vary from state to state but are identical within a state for any given
year. As Table | shows, the mean proficiency rate is not statistically different
between“treated schools”and comparisonschools. Table | showsthatschoolsthat
experience shootings are larger than average, both in terms of the number of total
enrolled students and in full-time equivalent teachers (FTES). Figures Ill and IV
display the average proficiency rate for the years before and after any shootings
for treated schools and comparison schools, which show a decline in the math and
English proficiency rates in the years following a homicidal shooting for schools
that experienced a shooting. As in Figure II, Figures Ill and IV also show similar
trends for control and treatment schools before the shooting occurs.

***INSERT TABLE 1 ***

In addition, we collect school-level graduation rates, average daily attendance
rates andthe number of suspensions per 100 students for all schools inthe districts
that experienced shootings in all available states.®

We use student-level data from California. The data is provided by the California
Department of Education (CDE) for 2007 to 2010. During that period, seven

deadly high school shootings occurred in seven school districts. The seven affected

8\We examine the relationship between 36 high school shootings and the proportion of students
achieving a proficient- or advanced-level result on English tests in 14 states. We also examine the
relationship between 34 high school shootings and the proportion of students achieving a proficient-
or advanced-level result on math tests in 13 states. Not all states have both test results posted on their
Department of Education websites, which is the reason why the sample size is different for math and
English tests. English and math test results are available for Alabama, California, Florida, Louisiana,
Michigan, Nevada, North Carolina, South Carolina, Tennessee, Utah, Washington, and Wisconsin.
English test results only are available for Minnesota.

%We have information on graduation rates and attendance rates for shooting-affected school
districts for ten shootings in five states (Nevada, North Carolina, South Carolina, Tennessee, and
Utah) and information on numbers of suspensions per 100 students for seven shootings in three states
(Nevada, North Carolina, and Tennessee).



school districts have 195 high schools within their boundaries and a large number of
students. The data contains test results on the California Standards Tests (CST). The
CSTs, which are part of the California Standardized Testing and Reporting (STAR)
program, are taken by students from grades 2 through 11 in many subjects. We use
only math and English results from grades 9 through 11. We have measures of the
proficiency level in math and English standardized tests for students in the seven
districts. The possible levels of math and English proficiency for students in the
seven districts are: far below basic (1), below basic (2), basic (3), proficient (4) and
advanced (5). We also have information on the sex of the students, which allows us

to determine whether shootings affect males and females differently.

4 Methodology

We use a difference-in-differences strategy to analyze the effect of deadly homicidal
high school shootings. The comparison group consists of all other high schools in

the same district. We estimate
Yii = Bo + B1After;y + L,After;, * Shooting; + u; + 6 + &;;

where Yi; is one of several different outcome variables for school i in
year t; Shooting; is a bivariate variable that takes a value of 1 if there was
ever ashooting in school i and 0 otherwise; and After;; is an indicator for
the period after the shootings.10 The coefficient of the interaction variable
(After;, * Shooting;) is of primary interest, as it captures the effect of
school shootings on various outcomes. The outcomes of interest are:

enroliment per grade (9 to 12), number of teachers,

0The “after” period is defined differently for the enroliment analysis and the proficiency rate
analysis. For the enrollment analysis, the “after” period starts the school year following the shooting,
since enrolliment data is typically generated very early in the school year (usually in September or
October). For proficiency rate analysis, the “after” period starts the same year as the shooting, since
the tests are administered towards the end of a school year.



proficiency rate (in math and English) and behavioral variables (graduation, suspen-
sion and attendance rates). We include school fixed effects, ; for school i, to control for
any time-invariant school-level factors that may be correlated with shootings and the
outcome variables. School fixed effects are as helpful as many detailed control variables
in the regression because school size, racial composition and many other school
characteristics do not fluctuate a lot over the short time period that the sample covers.
We presents analysis controlling for additional school and district time-varying
characteristics in Appendix Table A.1 and results are similar. We also include year fixed
effects to control for any national policy changes or trends from 1994 to 2009.1! We
use clustered standard errors at the district level to incorporate the correlations
among schools in the same school district. We use a three-year window around the
shooting year.'?

The identification assumption for the difference-in-differences estimator is that
there exists common trends between schools that experience a shooting and the
comparison schools before the shooting incident. Figures I, Ill, and IV show
the trends prior to shooting incidents between two groups of schools. The trends
are similar, which suggests that it is appropriate to use difference-in-differences

estimation.

we tested different specifications of the model, such as using district and year fixed effects,
which lead to similar results. Results for these specifications can be provided upon request.

12The nature of difference-in-differences estimation requires us to check whether the schools and
districts have multiple shootings over the sample period. Multiple shootings in one school or district
could bias our estimates because the “before” and “after” periods of the shootings could overlap
with those of another shooting inthe same school or district. High school shootings occur only once
in most school districts over the 16 school years; 103 school districts had one shooting, 12 school
districts had two shootings, and six school districts had three or more shootings. In our analysis,
additional to all initial shootings in a district, we include subsequent shootings in a district if they
are six ormore years apart. We view shootings six ormore years apart as distinct because almostall
studentswho experience ashooting leave their school withinthree years, which could beinterpreted
as the school returning to its pre-shooting environment. Another rationale for a three-year window
around the year of shootings is that using the entire sample for the difference-in-differences estimator
will contain noise in years far from the shooting incidents.



For robustness, we also present a pooled interrupted time series design and
matching regression estimates based on four school characteristics: state, area (city,
suburb, town or rural), size of the school and number of teachers. Using these
variables, Kernel, Caliper and Nearest Neighbor matching estimators are employed.

In addition, we use student-level data from California and condition on having a
test result before and after a shooting at the same school. This analysis identifies
whether negative effects of school shootings result from students being directly
affected by shootings or from a composition effect (e.g. students with a high level
of achievement might not stay or register at a school after a shooting).!® We use
a similar empirical strategy for student-level data as for school-level data, so that we
can exploit the panel aspect of the data at the student level. We estimate conditional
logit models with student-level fixed effects. The primary outcome variables of
interest are whether a student is proficient in English and math standardized tests
(whether the student achieves level 4 or 5 in California).

We also investigate the possibility that shootings have heterogeneous effects
in two ways. First, we investigate whether shootings affect students in various
parts of the test-score distribution differently. To study the most affected part of
the distribution, we change the outcome variables in the same regression to the
probability of being in level 2 to 5, level 3 to 5, and level 5 to identify which part of
the distribution is generating the lower level of test results in schools that experienced

a shooting. Second, we study whether males are affected differently than females.

13Similar results are found if we restrict the sample to two observations per student, one before
and one after a shooting (balanced panel).



5 Results

5.1 The Effect of Shootings

Figure 1l reveals that schools where homicidal shootings have occurred experience
a decline in grade 9 enroliment relative to other schools in the same district.!*
Table Il shows that a shooting reduces enrollment in grade 9 by 28 students on
average, which represents a 5.8 percent decline in grade 9 enrollment for the average
school experiencing a shooting. This decrease in grade 9 enroliment represents a
large change in school selection by students entering high school. The large
decline in grade 9 enrollment suggests that middle school students and their parents
try to avoid the school that had the shooting.®®
**INSERT TABLE 2 ***

Enrollment in other grades and the number of teachers employed do not
statistically significantly change after a shooting.’® No significant impact for
students already enrolled suggests that students have established connections
that raise the cost of transferring to another school.'” It is also administratively
difficult for continuing students to transfer.

Figures 11l and IV show that the proficiency rate decreases after homicidal
shootings in those schools relative to comparison schools. Table Il indicates that the
proficiency rate in math is reduced by 4.9 percentage points. For English

standardized tests, the effect of shootings is of a slightly smaller magnitude,

14We use a subset of high schools for the enrollment analysis, which is high schools where the
lowest grade is grade 9 and highest grade is grade 12, to ensure a clear interpretation of the coefficient.
Among the 157 high school shootings, 136 occurred in high schools that have grades 9 through 12
over the sample period. Results are robust to the inclusion of all high schools.

15This pattern is confirmed by Abouk and Adams (2013), who find an increase in private high
school enrollment following school shootings.

5We do not have information on teacher turnover in the data. It is possible that some teachers
leave after a shooting and are replaced by younger teachers. An alternative approach would be to use
the student-to-teacher ratio as an outcome variable. The coefficient for the student-to-teacher ratio is
positive but not significant. Results are available upon request.

1Coefficients for upper grades are statistically different than enrollment in grade 9 (Hausman test).



3.9 percentage points lower than the comparison schools. Columns 3 to 5 of Table Il
show the effect of deadly shootings on graduation rates, average daily attendance
rates and the number of suspensions per 100 students. We do not find any statistically
significant results for these three outcomes.

In addition, Table A.2 shows regression results for enroliment in grades 10 and
11, excluding either the first year or the first two years following a shooting. It shows
that a decrease in enrollment for the entrance grade (grade 9) immediately following
a shooting is followed by a decrease in the number of student enrolled in grade 10

(after one year) and grade 11 (after two years).

5.2 Heterogeneity of the Effects of Shootings

Tables Ill and IV show the heterogeneity of the effects of shootings on the three
main outcomes: grade 9 enroliment, and test results in math and English. Table
[ll presents results by type of shooting: single homicides, multiple homicides
and suicides. Results for all three outcomes are significant for both single-death
homicides and multiple-death homicides. The effect of single and multiple death
homicides on grade 9 enrollment are not significantly different from each other;
however, the effect on test results is significantly larger for multiple-death homicides
than single-death homicides.'® This suggests that the negative effect of school
shootings on student achievement is aggravated with multiple deaths. Table III
also shows that suicidal shootings have no significant impact on any outcome of
interest and the coefficient is significantly different than homicide shootings. This
suggests that homicidal and suicidal shootings have different effects on educational
outcomes, and that the negative impact on grade 9 enrollment and test results is
due to trauma associated with a murder at school.
**INSERT TABLE 3 ***

BWe use a Hausman test and interaction terms to test the differences in coefficients. Both test provide
the same conclusion.



Table IV shows the heterogeneity of the effect of shootings by school and
neighborhood characteristics. It shows that shootings have a similar effect regardless
of whether a school is located in a city or a non-city environment. In contrast,
the effects of homicidal shootings are more pronounced among schools located in
low-crime areas. The effect of a shooting is larger for schools with high-poverty.'® The
coefficients for affluent schools are not statistically significant for all outcome
variables, and the coefficients for affluent schools and non-affluent schools are
statistically different from each other. This suggests that school resources in the
aftermath of shootings might be an important factor. In addition, Table IV shows the
decrease in grade 9 enrollment is only significant for shootings in states with open
enrollment.’® However, there is a decrease in test scores regardless of open
enrollment status. These results suggest that the trauma associated with a murder
at school is a key factor explaining the results.

***INSERT TABLE 4 ***

5.3 Student-Level Effects

Results from the school-level analysis indicate that a large number of students
are likely to change their school selection due to shootings. This implies that the
identified school-level effect is a total effect, which is a sum of compositional change
and individual effect. The total effect has a high policy relevance. However,
separating the individual effect will allow us to isolate the true shock to students’
educational outcomes resulting from school shootings. The individual effect is
identified by using student-level data and by conditioning on students staying in the
same schools after shooting incidents.

Using California student-level data, Table V shows 4.2 and 10.2 percentage
point decreases in the probability of achieving a proficient-level result (achievement
level 4 or 5 in California) in math and English, respectively. These results suggest
that the decrease in test scores is not solely due to composition effect, e.g. fewer

high-achieving students attending schools where shootings occurred.?’ Also, student-

19Also shown in Figure B.1
20Also shown in Figure B.2



level results control for student transfers to other schools that could generate an
upward bias in the school-level results if high-achieving students are more likely to
transfer out of schools where shootings have occurred.?* This allows us to conclude
that students’ academic achievement worsens after fatal shooting incidents in high

schools.

**INSERT TABLE 5 ***

The individual effect identified by student-level analysis shows that students’
math and English test scores are directly affected by school shootings. These results
confirm that the effect of school shootings are coming from both compositional
changes and individual effects.

Table C.1 identifies the effect of shootings on the probability of reaching various
achievement levels. It shows that shootings have heterogeneous effects on math
standardized test results. For math tests, the negative effects are concentrated on
students who are at the high achievement part of the distribution. The negative effect
of shootings on the probability of reaching achievement level 5 in math tests is
large, 10.4 percentage points. The magnitude of the effect of shootings decreases
as the achievement level of interest goes down, almost disappearing when looking
at the probability of achieving level 3 or higher. However, the negative effect is
consistent throughout the distribution for English test results. Lastly, when we
analyze the effects of shooting by gender, we find that male and female students are

both similarly affected by shootings with respect to their test results (see Table C.2).

6 Robustness

We do several tests to ensure that our results are robust and valid.

We first do a placebo test on outcome variables three years before a shooting.

21 The results are similar when we restrict the sample to students who stay in the same school
district as well as to those who do not repeat a grade following a shooting. Table C.3 shows results
from mixed effects logistics regressions that are similar to fixed effects model results.

22 Estimates from the student-level data are intent-to-treat estimates because we do not have daily
attendance data on the day of shootings.



We test whether schools that experienced shootings were different three years before
the shooting than the comparison group for grade 9 enroliment, and math and
English test scores. Table A.3 shows that estimates for these three main outcome
variables are not significant.?® Figures II, 1ll, and 1V, as well as figures in Appendix
B based on heterogeneity, show the trends prior to shooting incidents between
the treatment and comparison group that are similar and provide confidence in our
empirical strategy.

Furthermore, we also investigate if results are robust to alternate specifications or
to using more time-varying controls. We add school- and district-level characteristics
to the main school fixed-effects model (Equation (1)) to check whether results are
robust to the inclusion of time-varying variables. Table A.1 shows that estimates are
qualitatively the same. Appendix Table A.4 presents matching regression estimates
based on state, area (city, suburb, town or rural), enrolment and number of
teachers. We get similar estimates from three types of matching estimates (Kernel,
Caliper and nearest neighbor), but larger coefficients than our main results. This
implies that our preferred estimates could be a lower bound of the true effect of
deadly school shootings on educational outcomes. In addition, Appendix Table A.5
presents results using a pooled-interrupted time series with a shooting being the
interruption. Results are once again similar.

Lastly, we do a permutation test. We randomize the shootings within the school
districts for the year the shooting took place and re-run baseline regressions for our
main outcome variables: the proficiency rate in math and English, as well as
enrollment in grade 9. The rationale behind this randomization is to provide
confidence that our significant results are not caused by a factor other than the
shootings. We do 1,000replications and find that it is unlikely that the results are
due to chance. Figures B.4 and B.5 present histograms of t-values and
coefficients by intervals for our main variable of interest. Results from this

randomization and these figures provide additional confidence in our results.

Z3Results of the placebo are robust to using 4 years or 2 years before the ban.



7 Conclusion

In this paper, we analyze the effects of deadly high school shootings on
educational outcomes. We find that enroliment declinesin grade 9 (the high school
entrance grade) in schools that experience homicidal shootings. Furthermore,
math and English standardized test results drop significantly in schools that
experience a shooting. However, we do not find a detrimental effect of shootings
onsuspension, graduation or average daily attendance rates. We find that suicidal
shootings have no significant impact on educational outcomes. To determine
whether students are directly affected by shootings or if it is rather a composition
effect, we use student-level data from California. We find that students are
directly affected by shootings. There is a decreaseinthe probability ofachieving
aproficiencylevel4or5(ahighachievement level) on math and English standardized
tests.

Although we study the short-run consequences of school shootings on students,
it is likely that these events have long-run consequences as well. The negative effect
of shootings on student achievement on math and English standardized tests may be
animportant factor in determining wages and employment for these students in the
long-run. If students attending schools that experienced a shooting have lower test
scores, they might be accepted into less selective colleges, which could lead to
lower earnings later in life (eg. Hoekstra, 2009).2* Future research should try to
evaluate some of these long-term effects.

Our estimates indicate that students, on average, are highly affected when there

is a homicidal shooting. These results indicate that policymakers should consider

%AThere is a debate as to how successful standardized test scores are at measuring actual student
achievement (eg. Haladyna et al. 1991; Reynolds et al. 2010)



preventive measures such as gun control (Duggan, 2001; Marvell, 2001; Lott and
Whitley, 2001), and more resources should be made available to students (Borum
et al., 2010; Carrell and Hoekstra, 2011), especially in the aftermath of shootings.
Our heterogeneity section also points to this effect. More research should be done

regarding the negative effects of high school shootings and other school violence.

References

Abouk, R. and S. Adams, 2013, School Shootings and Private School Enroliment,
Economics Letters, 118(2): 297-299

Anderson, M., J. Kaufman, T. R. Simon, L. Barrios, L. Paulozzi, G. Ryan, R.
Hammond, W. Modzeleski, T. Feucht, L. Potter, and the School-Associated Violent
Deaths Study Group, 2001, School-Associated Violent Deaths in the United States,
1994-1999, Journal of the American Medical Association, 286(21): 2695-2702

Anderson, D. M., B. Hansen, and M. B. Walker, 2013, The Minimum Dropout Age and
StudentVictimization, Economics of Education Review, 35: 66-74

Aycox, L. H., S. H. Kataoka, B. D. Stein, A. K. Langley, and M. Wong, 2012, Cognitive
Behavioral Intervention for Trauma in Schools, Journal of Applied School
Psychology, 28(3): 239-255

Beland,L.&R.Murphy,2015, lllICommunication: Technology, Distractionand Student
Performance. LSU Working Paper

Berman, S. L., W. M. Kurtines, W. K. Silverman, and L. T. Serafini, 1996, The
Impact of Exposure to Crime and Violence on Urban Youth, American Journal of

Orthopsychiatry, 66(3): 329-336



Borum, R., Cornell, D. G., Modzeleski, W., and Jimerson, S. R., 2010, What Can Be
Done About School Shootings? A Review of the Evidence, Educational
Researcher, 39(1): 27-37

Bower, G. H. and S. Sivers, 1998, Cognitive Impact of Traumatic Stress, Development and
Psychopathology, 10: 625-653

Brown, S. and K. Taylor, 2008, Bullying, Education and Earnings: Evidence from the
National Child Development Study, Economics of Education Review, 27(4): 387-401

Buhs, E., G. Ladd, and S. Herald, 2006, Peer Exclusion and Victimization: Processes
that Mediate the Relation Between Peer Group Rejection and Children’s Classroom
Engagement and Achievement?, Journal of Educational Psychology, 98: 1-13

Carrell, S. E. and M. L. Hoekstra, 2011, Are School Counselors a Cost-Effective
Education Input?, 2014, Economics Letters, 125(1): 66-69

Chandler, D., S. D. Levitt, and J. A. List, 2011, Predicting and Preventing Shootings Among
At-Risk Youth, American Economic Review Papers and Procedings, 101(3): 288-92

Chen, G., 2007, School Disorder and Student Achievement: A Study of New York City
Elementary Schools, Journal of School Violence, 6: 27-43

Cohen, J. A., A. P. Mannarino, and E. Deblinger, 2006, Treating Trauma and Traumatic

Grief in Children and Adolescents, New York: Guilford Press

Cornell, D. G., and Mayer, M. J., 2010, Why Do School Order and Safety Matter?,

Educational Researcher, 39(1): 7-15
Dee, T. S. and B. Jacob, 2011, The Impact of No Child Left Behind on Student

Achievement, Journal of Policy Analysis and Management, 30(3): 418-446

Deming, D. J., 2011, Better Schools, Less Crime?, The Quarterly Journal of
Economics, 126(4): 2063-2115

Dills, A. K. and R. Hernandez-Julian, 2011, More Choice, Less Crime, Education Finance
and Policy, 6(2): 246-266

Ding, W., S. F. Lehrer, J. N. Rosenquist, and J. Audrain-McGovern, 2009, The Impact
of Poor Health on Academic Performance: New Evidence Using Genetic
Markers, Journal of Health Economics, 28: 578-597

Duggan, M., 2001, More Guns, More Crime, Journal of Political Economy, 109.5: 1086-
1114



Ellen, I. G. and M. A. Turner, 1997, Does neighborhood matter? Assessing recent
evidence, Housing Policy Debate, 8(4): 833-866

Eriksen, T. L. M., H. S. Nielsen, and M. Simonsen, 2014, Bullying in Elementary School,
Journal of Human Resources, 49(4): 839-871

Frank, K. A., S. Maroulis, M. Duong, and B. Kelcey, 2013, What would it take to Change
an Inference?: Using Rubins Causal Model to Interpret the Robustness of Causal
Inference, Educational Evaluation and Policy Analysis, 35: 437-460

Glew, G. M., M. Y. Fan, W. Katon, F. P. Rivara, and M. A. Kernic, 2005, Bullying,
Psychosocial Adjustment, and Academic Performance in Elementary School,
Archives of Pediatrics and Adolescent Medicine, 159: 1026-1032

Grogger, J., 1997, Local Violence and Educational Attainment, Journal of Human

Resources, 32(4): 659-682
Haladyna, T. M., S. B. Nolen, and N. S. Haas, 1991, Raising Standardized Achieve- ment

Test Scores and the Origins of Test Score Pollution, Educational Researcher, 20(5):
2-7

Hansen, B. and M. Lang, 2011, Back to School Blues: Seasonality of Youth Suicide and the
Academic Calendar, Economics of Education Review, 30(5): 850-861

Hanson, J. L., B. M. Nacewicz , M. J. Sutterer , A. A. Cayo , S. M. Schaefer, K.
D. Rudolph, E. A. Shirtcliff, S. D. Pollak, R. J. Davidson, 2014, Behavioral
Problems After Early Life Stress: Contributions of the Hippocampus and
Amygdala, Biological Psychiatry, 77(4): 314-323

Hoekstra, M., 2009, The Effect of Attending the Flagship State University on
Earnings: A Discontinuity-Based Approach, The Review of Economics and
Statistics, 91(4): 717-724

Imberman, S. A., 2011, The Effect of Charter Schools on Achievement and Behavior of
Public School Students, Journal of Public Economics, 95(7): 850-863

Jacob, B. A., L. Lefgren, 2003, Are Idle Hands the Devil's Workshop? Incapacitation,
Concentration and Juvenile Crime, NBER Working Paper, No. 9653

Kimmel, D. M., 2014, Effects of Adolescent Violent Victimization on Adult De-
pression: Testing Heterogeneity for Men and Women, Society and Mental Health,
4(3):179-196

Ladd, G. W., 2003, Probing the adaptive significance of childrens behavior and



relationships in the school context: A child-by-environment perspective, In R. Kail
(Ed.), Advances in child behavior and development, 31: 43-104

LottJr., J. R. and J. E. Whitley, 2001, Safe-Storage Gun Laws: Accidental Deaths, Suicides,
and Crime, Journal of Law and Economics, 44(S2): 659-689

Ludwig, J. and D. Miller, 2007, Does Head Start Improve Children’s Life Chances?
Evidence from a Regression Discontinuity Design, The Quarterly Journal of
Economics, 122(1): 159-208

Margolin, G. and E. B. Gordis, 2000, The Effects of Family and Community Violence
on Children, Annual review of psychology, 51(1): 445-479

Marvell, T. B., 2001, The Impact of Banning Juvenile Gun Possession, Journal of Law and
Economics, 44(S2): 691-713

Mayer, M. J., and M. J. Furlong, 2010, How Safe Are Our Schools?, Educational
Researcher, 39(1), 16-26.

McEwen, B. S. and R. M. Sapolsky, 1995, Stress and Cognitive Function, Current Opinion
in Neurobiology, 5: 205-216

McNally, R. J., 1998, Experimental Approaches to Cognitive Abnormality in Post-traumatic
Stress Disorder, Clinical Psychology Review, 18: 971-982

Murnane, R., J. B. Willett, and F. Levy, 1995, The Growing Importance of Cognitive Skills in
Wage Determination, The Review of Economics and Statistics, 77(2): 251-266

Osofsky, J. D., 1995, The Effects of Exposure to Violence on Young Children,
American Psychologist 50: 782-788

Perry, B., 1997, Incubated in Terror: Neurodevelopmental Factors in the “Cycle of
Violence,” In Children in a Violent Society, J. D. Osofsky (ed.), New York Guilford:
124-149

Poutvaara, P. and O. Ropponen, 2010, School Shootings and Student Performance,

IZA Working Paper
Pynoos, R. S., C. Frederick, K. Nader, W. Arroyo, A. Steinberg, S. Eth, F. Nunez, and L.

Fairbanks, 1987, Life Threat and Posttraumatic Stress in School-age Children,
Archives of General Psychiatry, 44: 1057-1063

Raudenbush, S. W., 2009, Adaptive Centering with Random Effects: An Alternative to the
Fixed Effects Model for Studying Time-Varying Treatments in School Settings,
Education, 4(4), 468-491.



Reynolds, C. R., R. B. Livingston, V. L. Willson, and V. Willson, 2010, Measurement and
Assessment in Education, Pearson Education International

Robers, S., J. Kemp, A. Rathbun, and R. Morgan, 2014, Indicators of School Crime and
Safety: 2013, National Center for Education Statistics, U.S. Department of Education
and Bureau of Justice Statistics, Office of Justice Programs, U.S. Department of
Justice, Washington, DC

Sapolsky, R. M., H. Uno, C. S. Rebert, and C. E. Finch, 1990, Hippocampal Damage
Associated with Prolonged Glucocorticoid Exposure in Primates, Journal of
Neuroscience, 10: 2897-2902

Shadish, W. R., M. H. Clark, and P. M. Steiner, 2008, Can Nonrandomized Ex- periments
Yield Accurate Answers? A Randomized Experiment Comparing Random to
Nonrandom Assignment, Journal of the American Statistical Asso- ciation, 103(484):
1334-1344

Sharkey, P., 2010, The Acute Effect of Local Homicides on Children's Cognitive
Performance, Proceedings of the National Academy of Sciences, 107(26): 11733-
11738

Sharkey, P., N. Strayer, A. Papachristos, and C. Raver, 2012, The Effect of Local Violence
on Children’s Attention and Impulse Control, American Journal of Public Health,

102: 2287-2293

Sharkey, P. and F. Elwert, 2011, The Legacy of Disadvantage: Multigenerational
Neighborhood Effects on Cognitive Ability, American Journal of Sociology, 116:
1934-1981

Sharkey, P., N. Tirado-Strayer, A. V. Papachristos, and C. C. Raver, 2012, The Effect of Local
Violence on Children’s Attention and Impulse Control, American Journal of Public
Health, 102(12): 2287-2293

Sharkey, P., A. E. Schwartz, I. G. Ellen, and J. Lacoe, 2014, High Stakes in the
Classroom, High Stakes on the Street: The Effects of Community Violence on

Students’ Standardized Test Performance, Sociological Science, 1: 199-220

Stein, B. D., L. H. Jaycox, S. H. Kataoka, M. Wong, W. Tu, M. N. Elliott, and
A. Fink, 2003, A Mental Health Intervention for Schoolchildren Exposed to
Violence: A Randomized Controlled Trial, Journal of the American Medical

Association, 290(5): 603-611



Steiner, P. M., T. D. Cook, W. R. Shadish, and M. H. Clark, 2010, The Importance of
Covariate Selection in Controlling for Selection Bias in Observational Studies,
Psychological Methods, 15(3): 250-267

Teicher, M. H., Y. Ito, C. A. Glod, S. L. Andersen, N. Dumont, and E. Ackerman, 1997,
Preliminary Evidence for Abnormal Cortical Development in Physically and Sexually
Abused Children using EEG Coherence and MRI, Annals of the New York Academy of
Sciences, 821: 160-175

Terr, L., 1991, Childhood Traumas: An Outline and Overview, American Journal of
Psychiatry, 48: 10-20

Weiss, M. J. S. and S. H. Wagner, 1998, What Explains the Negative Consequences of
Adverse Childhood Experiences on Adult Health? Insights from Cognitive and

Neuroscience Research. American Journal of Preventive Medicine, 14: 356-360



20

15

10

T T T T
1995 2000 2005 2010
year

|_ Suicidal shootings [N Homicidalshootings|

Figure I: Number of Shootings By Type of Shooting
Source: Report on School Associated Violent Deaths from the National School Safety Center (2010), Washington
Ceasefire, and the National School Safety and Security Services.
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Figure II: The Effect of Shootings on Grade 9 Enroliment (Entrance Grade)
Source: Common Core of Data (CCD) from the National Center for Education Statistics (NCES).
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Figure IlI: The Effect of Shootings on Math Proficiency Rate
Source: Information was extracted from each school’s report card and from data files posted by each state’s
Department of Education.
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Figure IV: The Effect of Shootings on English Proficiency Rate
Source: Information was extracted from each school’s report card and from data files posted by each state’s
Department of Education.



Table I: Summary Statistics - High Schools before a Shooting

All Shooting Schools  Comparison Schools
Variable Mean Std. Dev. Mean  Std. Dev.

Enrollmentin

Grade 9 486 283 436 344
Grade 10 426 238 378 289
Grade 11 352 196 314 240
Grade 12 298 171 262 202
Total Students 1587 835 1408 1044
FTETeachers 80 37 73 47
English 65.4 23.0 60.5 27.9
Math 57.8 24.3 52.9 28.6
GraduationRate  71.5 13.6 72.3 17.8
AttendanceRate  92.8 3.5 91.3 3.9
Suspension Rate  19.6 17.7 18.3 18.0

Note: Table | presents descriptive statistics for key variables for shooting schools
and our comparison schools for the three years before a shooting. Enroliment
and teacher variables are from the Common Core of Data. Test results and be-
havioral variables are from school report cards. Only high schools with grades
9to 12 are included in the enrollment and teacher sample. All high schools are
included in the test results and behavioral sample. Math and English variables
are the proficiency rate from standardized tests. FTE Teachers are the number
of full-time-equivalent teachers. Suspension Rate is number of suspensions per
100 students. The comparison schools are all other schools in the same districtas
the school that experienced a shooting. Using a t-test or Wilcoxson test, we find
that shooting schools are statistically different in terms of number of students
(grade 9 to 12 and total students) and number of teachers but not for proficiency
in English and math, as well as graduation, attendance, and suspension rates.



Table II: The Effect of Homicidal Shootings

Enrollmentin Grade # of
9 10 11 12 Total Teachers
After -3.48 -6.46 -8.08** 0.92 -14.27 0.57
(7.03) (4.51) (4.09) (2.62) (12.61) (1.25)
After*Shooting -28.41*** -8.84 6.96 -3.71 -37.79 -1.78
(10.92) (8.37) (9.30) (6.69) (23.97) (1.28)
Fraction Proficientin Rate of

Math English  Graduation Attendance Suspension

After 348  -3.52% 0.81 -1.29%k 1.02
2.31)  (1.58) (1.34) (0.46) (1.34)
AfterShooting ~ -4.92%%* -3.93%* (.40 0.62 -2.28
(1.18)  (1.07) (1.19) (0.39) (1.55)

Note: Table Il presents difference-in-differences regression estimates for the number of student in grades 9
to 12 and the number of teachers, as well as math and English proficiency rate, and graduation, attendance
and suspension rates. The coefficient of interest is After*Shooting School. We use clustered standard
errors at the district level. Coefficients for school and year fixed effects are not shown. *** p<0.01, **
p<0.05, * p<0.1.
Source: Common Core of Data (CCD) from the National Center for Education Statistics (NCES). Test
results and other variables are extracted from each school’s report card and from data files posted by each
state’s Department of Education.



Table Ill: Heterogeneity of the Effects of Shootings, by Shooting Type

Single-Death Homicides ~ Multiple-Death Homicides Suicidal Shootings
Grade9 Math  English | Grade9 Math  English |Grade9 Math English

After*Shooting -35.64%* -4.71%* -4, 85% | .29.77% .8.85%* -863%*| 2270 750 -559
(13.65) (1.46) (1.26) | (14.65) (1.98) (2.24) | (17.71) (10.59) (6.29)

Note: Tablelll presentsdifference-in-differencesregression estimatesforthe numberof studentsingrades 9aswell
as the math and English proficiency rates. The coefficient of interest is After*Shooting School. We use clustered
standard errors at the district level. Coefficients for school and year fixed effects are not shown. *** p<0.01, **
p<0.05, * p<0.1.

Source: Common Core of Data (CCD) from the National Center for Education Statistics (NCES). Test results and
other variables are extracted from each school’s report card and from data files posted by each state’s Department of
Education.



Table IV: Heterogeneity of the Effects of Homicidal Shootings, by School Characteristics

Schools in City Schools notin City
Grade 9 Math English | Grade9 Math English

After*Shooting  -26.69%*  -4.60**  -3.43* | -22.65  -5.21%*% -4.06%**
(13.00)  (2.03)  (1.98) | (16.94)  (1.49)  (1.33)

High-Crime-Area Schools Low-Crime-Area Schools
Grade 9 Math English Grade 9 Math English

After*Shooting ~ -25.14 -3.32 374 | -34.33%%  -4.58%k .3 33%kk
(18.28)  (3.81)  (3.66) | (11.67)  (1.22)  (L.08)

High-Poverty Schools Affluent Schools
Grade 9 Math English Grade 9 Math English

After*Shooting  -31.28% -5.78%* .530%* | -18.03 -2.84 0.37
(12.25)  (1.38)  (1.19) | (22.09)  (3.92)  (2.47)

Open Enrollment Schools Non-Open Enroliment Schools
Grade 9 Math English Grade 9 Math English

After*Shooting -34.24*%* -5.66%* -452%% | 2141  -4.70%  -4.82%
(11.72)  (1.11)  (1.13) | (1581)  (2.06)  (L.77)

Large Schools Small Schools
Grade 9 Math English Grade 9 Math English

After'Shooting  -46.32%  -4.48%* -4.25%* | 085  -4.49%* -3.45%
(18.12)  (1.48)  (1.39) | (10.21)  (1.65)  (1.38)

Note: Table IV presents difference-in-differences regression estimates forthe number of students
in grades 9 as well as the math and English proficiency rates. The coefficient of interest is Af-
ter*Shooting School. We use clustered standard errors at the district level. Coefficients for school
and year fixed effects are not shown. *** p<0.01, ** p<0.05, * p<0.1.

Source: Common Core of Data (CCD) from the National Center for Education Statistics (NCES).
Test results and other variables are extracted from each school’s report card and from data files
posted by each state’s Department of Education.



Table V: Effect of Shootings using California Student-Level Data - 2007-2011

Probability of Proficiency Level in
Math(Level 4 or5) English (Level 4 or 5)

After -0.079*** -0.015
(0.010) (0.009)
After*Shooting -0.042** -0.102***
(0.017) (0.017)
Observations 246,864 270,114
Number of Students 120,924 125,949

Note: Table V investigates the impact of shootings on students using student-
level data from the California Department of Education. Using conditional
fixed effects logit models with student-level fixed effects, we study the prob-
ability of students achieving level 4 or 5 in math and English. The sample is
restricted to students who took tests both before and after a shooting. The
level of math and English proficiency for students in the seven districts are:
far below basic (1), below basic (2), basic (3), proficient (4), and advanced
(5).To correct for autocorrelation, we cluster errors at the district level. Es-
timates for student and year fixed effects are not shown. *** p<0.01, **
p<0.05, * p<0.1.

Source: Student-level data from California provided by the California
DepartmentofEducation (CDE).



Appendix

Appendix A

Table A.1: Effect of Homicidal Shootings with Control Variables

Enrollmentin Grade # of
9 10 11 12 Total Teachers
After 4.87 -8.26 -2.78 0.18 -1.97 -1.08
(9.78) (5.62) (4.23) (3.56) (16.68) (0.82)
After*Shooting -34.15*** -7.41 -0.79 -1.69 -25.96* -1.45
(13.07) (9.44) (9.45) (7.50) (15.48) (1.32)
Fraction Proficientin Rate of
Math English  Graduation Attendance Suspension

After -0.71 -4.39 -4.09 -3.33*** 5.34

(3.50) (3.17) (4.92) (1.14) (4.02)

After*Shooting  -3.86*** -3.46*** 1.61* 0.62 -2.77

(0.98) (0.93) (0.96) (0.48) (1.74)

Note: Table A.1 presents difference-in-differences regression estimates for the number of students in
grades 9to 12, the number of teachers, math and English proficiency rates, and graduation, attendance and
suspensionrates. The coefficientofinterestis After*Shooting School. We use clustered standard errors
at the district level. Coefficients for control variables and school and year fixed effects are not shown.
Included control variables are total school enroliment before the sample period, number of schools in
the district, number of students per school in the district, the fraction of students with free lunch status
in the district, the fraction of students with free lunch status in the school, the faculty-to-student ratio in
the district, the faculty-to-student ratio in school, the fraction of students in the district who are visible
minorities, and the fraction of students in the school who are visible minorities. *** p<0.01, ** p<0.05, *
p<0.1.

Source: Common Core of Data (CCD) from the National Center for Education Statistics (NCES). Test
results and other variables are extracted from each school’s report card and from data files posted by each
state’s Department of Education.



Table A.2: Effect of Shootings on Future Years’ Enrollment

Variables Gradel0 Gradell Total Total
After 1.201 -2.881 3.982 -9.118
(6.251)  (9.900) (24.09) (34.38)
After*Shooting -41.40* -35.92* -130.2* -196.0**
(22.28) (21.81) (75.40) (83.04)
EXCLUDED 1%t Yr Y Y Y Y
EXCLUDED 2™ Yr Y Y

Note: Table A.2 presents difference-in-differences regression estimates for
the number of students in grades 10 and 11, and the total number of stu-
dents, by excluding the first year or the first two years after a shooting. The
coefficient of interest is After*Shooting School. We use clustered standard
errors at the district level. Coefficients for school and year fixed effects are
not shown. *** p<0.01, ** p<0.05, * p<0.1.

Source: Common Core of Data (CCD) from the National Center for Edu-
cation Statistics (NCES).



Table A.3: Placebo: Effect of Homicidal Shootings on Outcomes before Shootings

Enrollmentin  Fraction Proficientin
Grade 9 Math English

After -6.30 -9.65 -13.25
(9.62) (9.412) (9.78)
After*Shooting -23.51 -3.16 -2.22
(19.43) (9.06) (8.15)

S s

Note: Table A.3 presents difference-in-differences regression estimates
using outcomes three years before shootings for the number of studentin
grades 9 as well as for math and English proficiency rates. The coefficient
of interest is After*Shooting School. We use clustered standard errors
at the district level. Coefficients for school and year fixed effects are not
shown. *** p<0.01, ** p<0.05, * p<0.1.

Source: Common Core of Data (CCD) from the National Center for Ed-
ucation Statistics (NCES). Test results and other variables are extracted
from each school’s report card and from data files posted by each state’s
Department of Education.



Table A.4: Effect of Homicidal Shootings on Test Results - Matching Estimates

(1) (2)
Fraction Proficientin
Math English
Kernel -10.17*** -8.43***
(2.47) (2.40)
Caliper -10.75%** -9.17%**
(2.48) (2.41)
Nearest Neighbor -7.79%** -5.15*
(3.58) (3.13)

Note: Table A.4 presents matching regression estimates for math and English

proficiency rate. Matching regressions are based on state, area (city, suburb, town
or rural), size of school and number of teachers. Table A.4 presents three types
of matching estimates: Kernel, Caliper and Nearest Neighbor. The reported coef-
ficient is the variable of interest: the shooting variable. *** p<0.01, ** p<0.05,
*p<0.1.

Source: Test results and other variables are extracted from each school’s report
card and from data files posted by each state’s Department of Education.
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Figure A.1: Effect of Shootings using Propensity Matching Estimator



Table A.5: Effect of Homicidal Shootings on Test Results - Pooled Interrupted Time Series Estimates

(1) (2)
Fraction Proficientin
Math English
After*Shooting -4.56* -3.39*
(2.42) (2.20)
After*Shooting* Time -0.15 -0.20
(0.54) (0.59)
Absolute Effect 2 years after shooting -4.85%** -3.80**
(1.59) (1.61)

Note: Table A.5 presents pooled interrupted time series design estimates for math and English profi-
ciencyrates. After*Shooting representsthe changeinlevelafterashooting. After*Shooting * Time

represents the change in trend. *** p<0.01, ** p<0.05, * p<0.1.
Source: Test results and other variables are extracted from each school’s report card and from data

files posted by each state’s Department of Education.
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Figure B

.3: Effect of Multiple-Homicide Shootings
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Figure B.4: Distribution of t-values from Randomization for Enroliment in Grade 9 and Math and English
Proficiency Rates
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Figure B.5: Distribution of Coefficients from Randomization for Enroliment in Grade 9 and Math and
EnglishProficiency Rates. Verticallinerepresents estimates fromour main specification.



Appendix C

Table C.1: Effect of Shootings on Cumulative Level of Achievement

Probability of Student Reaching Achievement Level
2,3,4,or5 3,40r5 4or5 5

Math Test 0.005 0.012  -0.042%  -0.104%*
(0.015) (0012)  (0.017) (0.039)
English Test -0.106%** -0.116%** -0.102***  -0.104***
(0.020)  (0.017) (0.017)  (0.019)

Note: Table C.1 investigates the distributional impact of shootings on students
using student-level data from the California Department of Education. Us-
ing conditional fixed effects logit models with student-level fixed effects, we
study the probability of students achieving various levels on math and English
tests after a shooting. The sample is restricted to students who took tests both
before and after a shooting. The level of math and English proficiency for
students in the seven districts are: far below basic (1), below basic (2), basic
(3), proficient (4), and advanced (5). Column 1 estimates the probability of
reaching achievement level 2, 3, 4, or 5 after the shooting. As we move right
from column 1, the remaining columns restrict the outcome to higher levels
of achievement. The coefficient of interest is After*Shooting School for math
and English tests. Estimates for student and year fixed effects are not shown.

***p<0.01, ** p<0.05, * p<0.1.

Source: Student-level data from California provided by the California Depart-
ment of Education (CDE).



Table C.2: Effect of Shootings by Gender using Student-Level Data
Male Students Probability of Achieving Proficiency in
Math (Level 4 or 5) English (Level 4 or 5)

After -0.062*** -0.010
(0.014) (0.013)
After*Shooting -0.030 -0.094***
(0.023) (0.024)
Observations 125,649 138,731
Number of Students 62,238 65,190

Female Students Probability of Achieving Proficiency in
Math (Level 4 or 5) English (Level 4 or 5)

After -0.098*** -0.020
(0.015) (0.013)
After*Shooting -0.054** -0.110***
(0.024) (0.024)
Observations 121,215 131,383
Number of Students 58,755 60,841

Note: Table C.2 investigates the impact of shootings on students by gender
using student-level data from the California Department of Education. Us-
ing conditional fixed effects logit models with student-level fixed effects, we
study the probability of students reaching level 4 or 5 on math and English
tests. The sample is restricted to students who took tests both before and after
a shooting. Estimates for student and year fixed effects are not shown. ***
p<0.01, ** p<0.05, * p<0.1.

Source: Student-level data from California provided by the California Depart-
ment of Education (CDE).



Table C.3: The Effect of Shootings using Mixed Effects Model

Probability of Proficiency Level in
Math(Level 4 or 5) English (Level 4 or 5)

Odds Ratio
After 0.820*** 1.052**
(0.025) (0.024)
After*Shooting 0.858*** 0.934*
(0.042) (0.034)

Note: Table C.3 investigates the impact of shootings on students using
student-level data from the California Department of Education. Us-
ing mixed effects logistic models with school level random effects, we
study the probability of students achieving level 4 or 5 in math and En-
glish. The sample is restricted to students who took tests both before
and after a shooting. The level of math and English proficiency for stu-
dents in the 7 districts are: far below basic (1), below basic (2), basic
(3), proficient (4), and advanced (5). We use standard errors that do not
make parametric assumptions. *** p<0.01, ** p<0.05, * p<0.1.
Source: Student-level data from California provided by the California
Department of Education (CDE).



