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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,
enrollment, number of teachers, graduation, attendance, and suspension rates at schools that expe-
rienced 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 enrollment 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 stu-

dents who remain enrolled.

Keywords:

EXTREME violence between students in high
schools may hinder students from learning effi-
ciently. Deadly school shootings have a poten-
tially large effect on students and schools. These
incidents can affect students’ decision about
whether to stay at their school, affect their cogni-
tive skills, and influence their behavior at school.
Despite the fact that school shootings receive
widespread media attention, the educational con-
sequences of deadly school shootings on enroll-
ment and student performance are not well
known.

We address three questions related to the con-
sequences of homicidal and suicidal high school
shootings. First, we address whether enrollment
patterns change after shootings, which would
likely be the result of school selection by stu-
dents 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

shootings, student performance, education, violence

effects. Third, we look at the effects of deadly
shootings on a range of behavioral variables such
as graduation, attendance, and suspension rates.

We estimate the impact of deadly high school
shootings by using a difference-in-differences
strategy, comparing schools that had fatal shoot-
ings with other high schools in the same district
that did not experience such shootings. To esti-
mate 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 gener-
ated by the shooting. Our empirical strategy
relies on the assumption that these deadly school
shooting incidents are exogenous in their
timing.

We find that enrollment in Grade 9 (the high
school entrance grade) drops following a deadly
shooting, though we do not observe enrollment
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effects on subsequent grades the year after the
shooting. We also find that standardized test
scores in math and English are lower in affected
schools up to 3 years after a deadly shooting.
However, we do not find statistically significant
impacts on behavioral outcomes: graduation,
attendance, or suspension rates. We find that sui-
cidal shootings have no significant impact on our
variables of interest. This suggests that results
are driven by the trauma associated with a mur-
der at school.

This leaves open the question of whether stu-
dents 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 follow-
ing a shooting, which then results in lower aver-
age scores for the school. To address this
question, we use student-level data from
California. These data allow us to identify the
average treatment effect of shootings, condi-
tional on students staying at the same high school
after a shooting. Using student-level panel data
from California high schools, we find that shoot-
ings have a negative effect on continuing stu-
dents’ math and English test scores. We find a
decrease in test scores at both the school and stu-
dent levels.

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 arti-
cle 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, psychobio-
logical effects may occur as experiences during
childhood and adolescence affect the human
brain, particularly due to its malleability (Perry,
1997; Weiss & 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
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have cognitive consequences. Research identi-
fies that exposure to trauma can result in damage
to the hippocampus (Sapolsky, Uno, Rebert, &
Finch, 1990), which is known to be involved in
memory integration (Bower & Sivers, 1998;
McNally, 1998; Teicher et al., 1997). Fourth,
school violence can cause peer problems. It is
theorized that community violence negatively
affects children’s formation of relationships by
reduced capacity to form secure attachments
(Osofsky, 1995).

Multiple empirical studies show that exposure
to violent crimes 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,
Kurtines, Silverman, and Serafini (1996) find
that students who have been exposed to violent
crimes show a greater number of PTSD symp-
toms. Among those who were exposed to a vio-
lent crime, 44.3% were categorized as having
“moderate” PTSD symptoms and 18.6% as hav-
ing “severe” PTSD symptoms.’ Berman et al.
find that victims and witnesses exhibit a 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 victims of violence are more
likely to experience depression as an adult. In
addition, Hanson et al. (2014) show that expo-
sure to violence early in life causes behavioral
problems. These articles provide evidence that
exposure to violence has lasting mental health
consequences.

Exposure to violent crime may cause PTSD
and poor mental health that diminish academic
achievement. Ding, Lehrer, Rosenquist, and
Audrain-McGovern (2009) identify that depres-
sion 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 knowl-
edge of the fact, whereas procedural knowledge
involves implicit knowledge of how to do
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something. Thus, exposure to violent crimes
causes PTSD and poor mental health that dimin-
ish academic achievement.

In addition to PTSD and mental health issues,
students may have an impaired ability to concen-
trate in class because of violent incidents (Glew,
Fan, Katon, Rivara, & Kernic, 2005). Students
may also show reduced engagement in group
learning activities that could hinder learning
(Buhs, Ladd, & Herald, 2006; Ladd, 2003).
Finally, violence may result in absenteeism,
which could lower enrollment and diminish stu-
dent achievement (Bubhs et al., 2006; Chen, 2007).

Recent articles study the effects of school vio-
lence 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.*

School shootings are not the only form of vio-
lence that may impair student outcomes. For
example, bullying is identified as a significant
source of violence affecting student outcomes.
Recent articles report that bullying has adverse
effects on educational achievement as well as
long-term outcomes (Brown & Taylor, 2008;
Eriksen, Nielsen, & Simonsen, 2014).

Other articles study the effect of neighbor-
hood violence on student performance, including
Grogger (1997), Sharkey (2010), and Sharkey,
Schwartz, Ellen, and Lacoe (2014). These arti-
cles show that students are negatively affected by
violence in their neighborhood. Grogger studies
how local violence, defined as a combination of
school violence and neighborhood violence, neg-
atively 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 iden-
tified estimates show the unbiased effect of
extreme violence in schools on educational out-
comes. Also, separating the effect of violence tak-
ing place in schools from neighborhood violence

is an additional contribution of the article. Thus,
our study improves school safety research by pro-
viding 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 shoot-
ings. 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 con-
clude that there is a decrease in test scores for the
school overall and for individual students; the
lower test scores are present up to 3 years after a
shooting. We also show that the effect is not
through school absenteeism, as behavioral vari-
ables 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.

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 shoot-
ings between 1994 and 2009.” Additional school
shooting data are obtained from Washington
Ceasefire and the National School Safety and
Security Services, which we verified with infor-
mation 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 sec-
ondary school; on the way to or from regular ses-
sions 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 1, we document 157
shootings in high schools between 1994 and
2009 that resulted in one or more deaths. These
schools where shootings occurred contained
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FIGURE 1.

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.

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 shoot-
ings. 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 15 people).®

Data on school characteristics are obtained
from the CCD from the National Center for
Education Statistics (NCES) from 1990 to 2009.
The data set provides a complete listing of all pub-
lic elementary and secondary schools in the United
States and provides basic information and descrip-
tive statistics on schools, their students, and their
teachers. We use CCD data for enrollment per
grade (Grades 9-12) 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 charac-
teristics. As Figure 2 reveals, enrollment in other
schools in the same district is not affected by
shootings. Thus, it is very unlikely that we dou-
ble 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
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student outcomes because the comparison
schools could be influenced due to their physical
proximity, albeit at a different magnitude. Figure
2 shows a permanent decrease in entrance Grade
9 enrollment after a shooting takes place. The
figure also shows a similar trend for control and
treatment schools before the shooting occurs.
School performance data are obtained 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 standard-
ized 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 statewide 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,
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 statewide standardized
tests for each school, which we refer to as the
“proficiency rate,” as the outcome variable.
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FIGURE 2.

The effect of shootings on Grade 9 enrollment (entrance grade).

Source. Common Core of Data (CCD) from the National Center for Education Statistics (NCES).

These tests vary from state to state but are
identical within a state for any given year.® As
Table 1 shows, the mean proficiency rate is not
statistically different between “treated schools”
and comparison schools. Table 1 shows that
schools that experience shootings are larger than
average, in terms of both the number of total
enrolled students and full-time equivalent (FTE)
teachers. Figures 3 and 4 display the average pro-
ficiency 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 shown in Figure 2, Figures 3 and
4 also show similar trends for control and treat-
ment schools before the shooting occurs.

In addition, we collect school-level gradua-
tion rates, average daily attendance rates, and the
number of suspensions per 100 students for all
schools in the districts that experienced shoot-
ings in all available states.’

We use student-level data from California.
The data are provided by the California
Department of Education (CDE) for 2007 to
2010. During that period, seven deadly high
school shootings occurred in seven school dis-
tricts. The seven affected school districts have

195 high schools within their boundaries and a
large number of students. The data contain test
results on the California Standards Tests (CSTs).
The CSTs, which are part of the California
Standardized Testing and Reporting (STAR) pro-
gram, 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 as follows: 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.

Method

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

Y, =B + By After;, + P, After;, x Shooting; +
W0, 4, (1)
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TABLE 1
Summary Statistics—High Schools Before a Shooting

All shooting Comparison
schools schools

Variable M SD M SD
Enrollment in

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 1,587 835 1,408 1,044
FTE teachers 80 37 73 47
English 65.4 23.0 60.5 27.9
Math 57.8 243 52.9 28.6

Graduation rate 71.5 13.6 72.3 17.8
Attendance rate 92.8 3.5 91.3 3.9
Suspension rate 19.6 17.7 18.3 18.0

Note. The table presents descriptive statistics for key vari-
ables for shooting schools and our comparison schools for
the 3 years before a shooting. Enrollment and teacher vari-
ables are from the Common Core of Data. Test results and
behavioral variables are from school report cards. Only high
schools with Grades 9 to 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 rates from standardized tests. FTE teach-
ers are the number of full-time equivalent teachers. Suspen-
sion Rate is the number of suspensions per 100 students. The
comparison schools are all other schools in the same district
as the school that experienced a shooting. Using a ¢ test or
Wilcoxon’s test, we find that shooting schools are statisti-
cally different in terms of number of students (Grades 9—12
and total students) and number of teachers but not for pro-
ficiency in English and math, as well as graduation, atten-
dance, and suspension rates.

where Y, is one of several different outcome vari-
ables for school i in year ¢, Shootingl, is a bivari-
ate variable that takes a value of 1 if there was
ever a shooting in school i and 0 otherwise; and
Afteri is an indicator for the period after shoot-
ings.!? The coefficient of the interaction variable
(Aﬂerl,[ X Shootingi) is of primary interest, as it
captures the effect of school shootings on various
outcomes. The outcomes of interest are as fol-
lows: enrollment per grade (9—12), number of
teachers, proficiency rate (in math and English),
and behavioral variables (graduation, suspen-
sion, and attendance rates). We include school
fixed effects, 1) for school i, to control for any
time-invariant school-level factors that may be
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correlated with shootings and the outcome vari-
ables. 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 fluctu-
ate a lot over the short time period that the sam-
ple covers. We present analysis controlling for
additional school and district time-varying char-
acteristics in Online Appendix Table A.1 (avail-
able at http://epa.sagepub.com/supplemental)
and results are similar. We also include year fixed
effects to control for any national policy changes
or trends from 1994 to 2009."" We use clustered
standard errors at the district level to incorporate
the correlations among schools in the same
school district. We use a 3-year window around
the shooting year."

The identification assumption for the differ-
ence-in-differences estimator is that there exist
common trends between schools that experience
a shooting and the comparison schools before the
shooting incident. Figures 2, 3, and 4 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.

For robustness, we also present a pooled-
interrupted time-series design and matching
regression estimates based on four school char-
acteristics: 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 used.

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 compo-
sition 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 vari-
ables of interest are whether a student is
proficient in English and math standardized
tests (whether the student achieves Level 4 or 5
in California).
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FIGURE 3. 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 4. 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.

We also investigate the possibility that shoot-
ings 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,
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TABLE 2
The Effect of Homicidal Shootings

Enrollment in grade

9 10 12 Total No. of 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 x —28.41%%* —8.84 6.96 -3.71 -37.79 -1.78
Shooting (10.92) (8.37) (9.30) (6.69) (23.97) (1.28)
Fraction proficient in
Rate of
Math English Graduation attendance Suspension
After -3.48 —3.52%* 0.81 —1.29%%* 1.02
(2.31) (1.58) (1.34) (0.46) (1.34)
After x —4,92%%* —3.93%%* 0.40 0.62 -2.28
Shooting (1.18) (1.07) (1.19) (0.39) (1.55)

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.

Note. The table 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 rates, and graduation, attendance, and suspension rates. The coefficient of interest is After x Shooting School. We
use clustered standard errors at the district level. Coefficients for school and year fixed effects are not shown. Standard errors are within parentheses.

*p <.1.%¥¥p < 05. ***p < 01.

and Level 5 to identify which part of the distribu-
tion is generating the lower level of test results in
schools that experienced a shooting. Second, we
study whether males are affected differently than
females.

Results

The Effect of Shootings

Figure 2 reveals that schools where homicidal
shootings have occurred experience a decline in
Grade 9 enrollment relative to other schools in
the same district.'* Table 2 shows that a shooting
reduces enrollment in Grade 9 by 28 students, on
average, which represents a 5.8% decline in
Grade 9 enrollment for the average school expe-
riencing a shooting. This decrease in Grade 9
enrollment 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."

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
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transferring to another school.” It is also administra-
tively difficult for continuing students to transfer.

Figures 3 and 4 show that the proficiency rate
decreases after homicidal shootings in those schools
relative to the comparison schools. Table 2 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,
3.9 percentage points lower than the comparison
schools. Columns 3 to 5 of Table 2 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 signifi-
cant results for these three outcomes.

In addition, Online Appendix Table A.2 (avail-
able at http://epa.sagepub.com/supplemental) shows
regression results for enrollment in Grades 10 and
11, excluding either the first year or the first 2 years
following a shooting. It shows that a decrease in
enrollment for the entrance grade (Grade 9) imme-
diately following a shooting is followed by a
decrease in the number of students enrolled in Grade
10 (after 1 year) and Grade 11 (after 2 years).

Heterogeneity of the Effects of Shootings

Tables 3 and 4 show the heterogeneity of the
effects of shootings on the three main outcomes:
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TABLE 3
Heterogeneity of the Effects of Shootings, by Shooting Type

Single-death homicides Multiple-death homicides Suicidal shootings

Grade 9 Math English  Grade 9 Math English Grade9 Math  English

After x  —35.64%%% 4 7]%%k 4 R5kkx _DQTRE _gRSERE g E3kEx 2270  7.50  —5.59
Shooting (13.65)  (1.46)  (1.26)  (14.65) (1.98)  (224)  (17.71) (10.59)  (6.29)

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.

Note. The table presents difference-in-differences regression estimates for the number of students in Grades 9 as well as the math
and English proficiency rates. The coefficient of interest is After x Shooting School. We use clustered standard errors at the
district level. Coefficients for school and year fixed effects are not shown. Standard errors are within parentheses.

*p <.1.*¥¥p <.05. ¥**p < .0l.

TABLE 4
Heterogeneity of the Effects of Homicidal Shootings, by School Characteristics

Grade 9 Math English Grade 9 Math English

Schools in city

Schools not in city

After x —26.69** —4.60%** —3.43* —22.65 —5.2] %k —4.06%**
Shooting (13.00) (2.03) (1.98) (16.94) (1.49) (1.33)
High-crime area schools Low-crime area schools
After x —25.14 -3.32 -3.74 —34.33%** —4.58 %% —3.33%%*
Shooting (18.28) (3.81) (3.66) (11.67) (1.22) (1.08)
High-poverty schools Affluent schools
After x —31.28** —5.78%** —5.30%** -18.93 —2.84 0.37
Shooting (12.25) (1.38) (1.19) (22.09) (3.92) (2.47)
Open enrollment schools Non-open enrollment schools
After x —34.24%** —5.66%** —4.52%%* 21.41 —4.70%* —4.82%*
Shooting (11.72) (1.11) (1.13) (15.81) (2.06) (1.77)
Large schools Small schools
After x —46.32%* —4.48%** —4.25%%* —-0.85 —4 49%** —3.45%%*
Shooting (18.12) (1.48) (1.39) (10.21) (1.65) (1.38)

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.

Note. The table presents difference-in-differences regression estimates for the number of students in Grades 9 as well as the math and English pro-
ficiency rates. The coefficient of interest is After x Shooting School. We use clustered standard errors at the district level. Coefficients for school
and year fixed effects are not shown. Standard errors are within parentheses.

*p <.1.*¥p <05 ***p < .0l

Grade 9 enrollment and test results in math and
English. Table 3 presents results by type of shoot-
ing: single homicides, multiple homicides and
suicides. Results for all three outcomes are sig-
nificant for both single-death homicides and mul-
tiple-death homicides. The effect of single- and

multiple-death homicides on Grade 9 enrollment
is not significantly different from each other;
however, the effect on test results is significantly
larger for multiple-death homicides than for sin-
gle-death homicides.'® This suggests that the neg-
ative effect of school shootings on student
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TABLE 5

Effect of Shootings Using California Student-Level Data: 2007-2011

Probability of proficiency level in

Math (Level 4 or 5) English (Level 4 or 5)
After —.079%** -.015
(0.010) (0.009)
After x Shooting —.042%* —.102%**
(0.017) (0.017)
Observations 246,864 270,114
Number of students 120,924 125,949

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

Note. The table investigates the impact of shootings on students us

ing student-level data from the CDE. Using conditional fixed

effects logit models with student-level fixed effects, we study the probability 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 is as follows: 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. Estimates for student and year fixed effects are

not shown. Standard errors are within parentheses.
*p <.1.*¥¥p < .05. ***p < .0l.

achievement is aggravated with multiple deaths.
Table 3 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.

Table 4 shows the heterogeneity of the effect of
shootings by school and neighborhood character-
istics. 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 vari-
ables, 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 4 shows
that the decrease in Grade 9 enrollment is only sig-
nificant for shootings in states with open enroll-
ment.”” 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.
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Student-Level Effects

Results from the school-level analysis indi-
cate 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 compo-
sitional change and individual effect. The total
effect has a high policy relevance. However, sep-
arating the individual effect will allow us to iso-
late 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 stay-
ing in the same schools after shooting incidents.

Using California student-level data, Table 5
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, for example,
fewer high-achieving students attending schools
where shootings occurred.”’ Also, student-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 con-
clude that students’ academic achievement wors-
ens after fatal shooting incidents in high schools.
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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 is coming from both composi-
tional changes and individual effects.

Online Appendix Table C.1 (available at
http://epa.sagepub.com/supplemental) 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 dis-
tribution. 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 proba-
bility of achieving Level 3 or higher. However,
the negative effect is consistent throughout the
distribution for English test results. Finally, when
we analyze the effects of shooting by gender, we
find that male and female students are both simi-
larly affected by shootings with respect to their
test results (see Online Appendix Table C.2 avail-
able at http://epa.sagepub.com/supplemental).

Robustness

We do several tests to ensure that our results are
robust and valid. We first do a placebo test on out-
come variables 3 years before a shooting. We test
whether schools that experienced shootings were
different 3 years before the shooting than the
comparison group for Grade 9 enrollment, and
math and English test scores. Online Appendix
Table A.3 (available at http://epa.sagepub.com/
supplemental) shows that estimates for these three
main outcome variables are not significant.”
Figures 2, 3, and 4, as well as figures in Online
Appendix B (available at http://epa.sagepub.com/
supplemental) 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 dis-
trict-level characteristics to the main school fixed

effects model (Equation 1) to check whether
results are robust to the inclusion of time-varying
variables. Online Appendix Table A.1 (available
at http://epa.sagepub.com/supplemental) shows
that estimates are qualitatively the same. Online
Appendix Table A.4 (available at http:/epa.
sagepub.com/supplemental) presents matching
regression estimates based on state, area (city,
suburb, town, or rural), enrollment, 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 educa-
tional outcomes. In addition, Online Appendix
Table A.5 (available at http://epa.sagepub.com/
supplemental) presents results using a pooled-
interrupted time series with shooting being the
interruption. Results are once again similar.
Finally, we do a permutation test. We random-
ize the shootings within the school districts for
the year the shooting took place and rerun base-
line 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 1,000 replications
and find that it is unlikely that the results are due
to chance. Online Appendix Figures B.4 and B.5
present histograms of 7-values and coefficients by
intervals for our main variable of interest (avail-
able at http://epa.sagepub.com/supplemental).
Results from this randomization and these figures
provide additional confidence to our results.

Conclusion

In this article, we analyze the effects of deadly
high school shootings on educational outcomes.
We find that enrollment declines in Grade 9 (the
high school entrance grade) in schools that expe-
rience homicidal shootings. Furthermore, math
and English standardized test results drop signifi-
cantly in schools that experience a shooting.
However, we do not find a detrimental effect of
shootings on suspension, graduation, or average
daily attendance rates. We find that suicidal
shootings have no significant impact on educa-
tional outcomes. To determine whether students
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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 decrease in the
probability of achieving a proficiency Level 4 or
5 (ahigh achievement level) on math and English
standardized tests.

Although we study the short-run conse-
quences of school shootings on students, it is
likely that these events have long-run conse-
quences as well. The negative effect of shootings
on student achievement on math and English
standardized tests may be an important 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
carnings later in life (e.g., Hoekstra, 2009).**
Future research should try to evaluate some of
these long-term effects.

Our estimates indicate that students, on aver-
age, are highly affected when there is a homicidal
shooting. These results indicate that policymak-
ers should consider preventive measures such as
gun control (Duggan, 2001; Lott & Whitley,
2001; Marvell, 2001), and more resources should
be made available to students (Borum, Cornell,
Modzeleski, & Jimerson, 2010; Carrell &
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.
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Notes

1. These four symptoms are as follows: (a) repeatedly
perceiving memories of the event through visualization,
(b) engaging in behavioral reenactments and repetitive
play related to the event, (c) fears related to the trauma
event, and (d) pessimistic attitudes reflecting a sense of
hopelessness about the future and life in general.
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2. On February 24, 1984, a sniper began firing from
a second-story window across the street from an ele-
mentary school at children on the school playground.
Two children were killed and 13 were injured.

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

4. Chandler, Levitt, and List (2011) build a predic-
tive 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. find that shootings are very hard to predict.

5. We use the year of the fall semester to indicate
the school year. For instance, we refer to the 2001—
2002 school year as 2001.

6. When 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.

7. There is no information on teacher turnover at
the school level in the Common Core of Data (CCD).

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 rela-
tionship 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
are only available for Minnesota.

9. We have information on graduation rates and
attendance rates for shooting-affected school dis-
tricts for 10 shootings in five states (Nevada, North
Carolina, South Carolina, Tennessee, and Utah) and
information on numbers of suspensions per 100 stu-
dents for 7 shootings in three states (Nevada, North
Carolina, and Tennessee).

10. The “after” period is defined differently for the
enrollment analysis and the proficiency rate analysis.
For the enrollment analysis, the “after” period starts
the school year following the shooting, as enrollment
data are typically generated very early in the school
year (usually in September or October). For profi-
ciency rate analysis, the “after” period starts the same
year as the shooting, as the tests are administered
toward the end of the school year.

11. 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.
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12. The nature of difference-in-differences estima-
tion requires us to check whether the schools and dis-
tricts 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 in the same school or district. High school
shootings occur only once in most school districts over
the 16 school years; 103 school districts had one shoot-
ing, 12 school districts had two shootings, and 6 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 6 or more
years apart. We view shootings 6 or more years apart as
distinct because almost all students who experience a
shooting leave their school within 3 years, which could
be interpreted as the school returning to its preshoot-
ing environment. Another rationale for a 3-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.

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

14. We use a subset of high schools for the enrollment
analysis, which is high schools where the lowest grade
is Grade 9 and the 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.

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

16. We 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 sig-
nificant. Results are available upon request.

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

18. We use the Hausman test and interaction terms
to test the differences in coefficients. Both tests pro-
vide the same conclusion.

19. Also shown in Figure B.1.

20. Also shown in Figure B.2.

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 shoot-
ing. Table C.3 shows results from mixed effects logistic
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.

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

24. There is a debate as to how successful stan-
dardized test scores are at measuring actual student
achievement (e.g., Haladyna, Nolen, & Haas, 1991;
Reynolds, Livingston, Willson, & Willson, 2010).
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