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High-profile public mass shootings (e.g., incidents that gain significant media attention as a result of
high victim count and/or unique characteristic such as location or motive) prompt what have become
predictable responses across the political spectrum. One side points to easy firearm access as the
key cause of mass shootings and calls for stronger gun laws including comprehensive background
checks, bans on assault weapons and large-capacity magazines (if those were used), and more recently,
Extreme Risk Protection Order (ERPO) laws to disarm persons planning violent acts. The other side
sees unarmed victims being shot in mass shootings and focuses on the hypothetical question, “What
if one of the victims or a bystander used a firearm to stop the attack?” The solutions to mass shootings that stem from this perspective include eliminating so-called “gun free zones” and reducing or
eliminating restrictions on civilian carrying of concealed firearms in public places.
In a study of fatal mass shootings in the United States during 2014–2017 with several online data
sources, Zeoli and Paruk (2020, issue) determined that 46% of the shootings were committed by someone who was prohibited or likely prohibited from possessing a firearm. But the breadth of disqualifying
conditions for firearm possession—e.g., whether convictions for violent misdemeanors, domestic violence restraining orders (DVROs) involving dating partners, and younger than 21 years of age disqualify
someone from purchasing or possessing a firearm—vary significantly across states and determine the
size of the pool of persons at increased risk for perpetrating firearm violence who are legally prohibited
from purchasing or possessing firearms (Vittes, Vernick, & Webster, 2012). Indeed, the breadth of disqualifying conditions for persons with a history of violence was consistently associated with reductions
in rates of intimate partner homicides (Zeoli et al., 2018). Because many mass shootings are committed
in the context of domestic violence or involve perpetrators with a history of domestic violence (Zeoli
& Paruk, 2020), broader firearm restrictions for DVROs and violent misdemeanors could potentially
reduce mass shootings.
Broad firearm prohibitions for violent or other criminal actions may not keep those individuals
from accessing firearms without strong background check systems. State laws requiring comprehensive
background checks (CBCs) and purchaser licensing could also potentially influence firearm availability
to individuals at risk of perpetrating a mass shooting by making it harder for prohibited persons to
obtain firearms. The typical CBC law requires prospective purchasers in private transfers of firearms to
pass a background check that is facilitated through a licensed firearm dealer. In contrast, most purchaser
licensing laws require prospective purchasers to apply directly at public safety agencies where they
are fingerprinted for thorough background checks that include more complete records of prohibiting
incidents and greater time available to conduct those checks than is the case for background checks
absent licensing. Some licensing laws also require gun safety training, and a few provide officials
the ability to use their discretion to deny an applicant if there is good reason to believe he or she
might be dangerous (e.g., some history of violence). Rigorous studies of the impact of state CBC laws
have not shown that these laws reduce homicides (Castillo-Carniglia et al., 2018; Kagawa et al., 2018;
Zeoli et al., 2018); however, there has been consistent evidence that licensing laws reduce homicides
(Crifasi et al., 2018; Hasegawa, Webster, & Small, 2019; Rudolph, Stuart, Vernick, & Webster, 2015)
and suicides (Crifasi, Meyers, Vernick, & Webster, 2015). Licensing laws could potentially suppress
fatal mass shootings, but there are no rigorous studies examining this question.
The research literature on the effects of firearm policies on mass shootings is sparse and has important limitations. A recent study found that that higher rates of gun ownership and greater permissiveness of gun laws were associated with higher rates of fatal mass shootings for incidents connected to
domestic violence and other types of mass shootings (Reeping et al., 2019). Unfortunately, the gun law
permissiveness scale used in the study has not been fully described, evaluated, or validated, and it does
not allow for estimates of the effects of specific firearm laws on mass shootings.1 Furthermore, the data
to identify fatal mass shootings in this study—the FBI’s Supplemental Homicide Reports (SHR)—did
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not include major fatal mass shootings, including shootings at Sandy Hook Elementary School in Newtown, Connecticut, in 2012 (26 deaths); a movie theatre in Aurora, Colorado, in 2012 (12 deaths and
58 individuals with nonfatal gunshot wounds); or a church in Southerland Springs, Texas (26 deaths
and 20 nonfatally wounded). The data for this study also counted the Virginia Tech mass shooting
(32 deaths and 23 victims with nonfatal wounds) as three incidents as a result of the way that the SHR
limits the number of victims to 11 in any given homicide incident. Another recent state-level study used
an open-source database compiled by the publication Mother Jones and found no association between
measures of gun ownership and gun law permissiveness and fatal mass shootings in public places (Lin,
Fei, Barzman, & Hossain, 2018). The generally undescribed gun law permissiveness measure, however, seemed to be limited to concealed carry restrictions, and the Mother Jones database has been
criticized for inconsistent application of inclusion/exclusion criteria and for missing some cases (Fox
& Fridel, 2016).
Luca and colleagues estimated the effects of several state gun laws—CBC laws that extend background check requirements to private transfers, purchaser licensing laws, regulations over civilians
carrying concealed weapons, bans of assault weapons or large-capacity magazines (LCMs)—and the
probability that a four-fatality mass shooting occurred in a given state and year during 1989–2014
(Luca, Malhotra, & Poliquin, 2019). Unfortunately, the authors used linear regression models that violated model assumptions for binary outcomes and thus made the findings difficult to interpret.
Two recent studies, each using different data sources and different outcome measures for fatal mass
shootings, drew different conclusions regarding the association between the federal ban of assault
weapons and LCMs. Fox and Fridel (2016) used the SHR data to examine cases involving four or more
firearm homicide victims and found no association between the incidence of fatal mass shootings and
the presence of the federal ban of assault weapons and LCMs. It is curious that these researchers did not
examine whether the ban influenced the number of persons shot in mass shootings because the characteristics of the banned products are relevant to how many shots can be fired in a short span of time.
Indeed, recent studies have documented that fatal mass shootings committed with assault weapons
and/or LCMs result in significantly more victims shot than is the case in such shootings which involved
no assault weapons or LCMs (Klarevas, 2016; Koper, 2020, this issue; Koper, Johnson, Nichols, Ayers,
& Mullins, 2018). DiMaggio and colleagues (2019) published a study in which they reported that during the period when the federal ban of assault weapons and LCMs was in place (1994–2004), fatal mass
shootings were 70% less likely to occur. But this study had major limitations based on the data used and
the lack of statistical controls for other law changes or social trends that might explain variation in mass
shootings. The study used data on fatal public mass shootings with four or more fatalities for the years
1981 through 2017 that were collected by three open-source databases—Mother Jones, Los Angeles
Times, and Stanford University. Inexplicably, the researchers only included cases in their analyses that
appeared in all three sources and thereby excluded many incidents of fatal mass shootings. This limited
their data to only 51 public mass shootings that presumably were the most widely publicized. The study
did not examine variation by state and thus did not consider state gun laws nor did it control for other
covariates other than linear trend. Gius (2015) estimated the effects of federal and state bans of assault
weapons and LCMs with annual data from the SHR for the years 1982–2011 and found evidence that
such bans were linked to lower rates of fatalities in mass shootings. Klarevas, Conner, and Hemenway
(2019) found that LCM bans were associated with significantly fewer incidents of high-fatality (six or
more victims) mass shootings and lower fatality rates for such shootings during the period 1990–2017.
An important limitation of this study was that it did not consider the effects of any other type of
firearm laws.
In-depth studies of the circumstances surrounding public mass shootings in the United States during
2000–2017 have found that armed civilians with concealed carry permits played a role in stopping mass
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shootings while they are in progress in 5% of the incidents (ALERT & FBI, 2018; Blair & Schwieit,
2014). The presence of armed civilians could also potentially deter some attacks in public places.
Conversely, because some mass shootings result from spontaneous responses to conflict, having more
people with immediate access to a firearm could spur more mass shootings. The Violence Policy Center
(2019) identified 33 incidents between May 2007 and January 2019 in which someone with a permit to
carry a concealed firearm shot and killed three or more people in an incident. Prior studies designed to
estimate the impact of reducing legal restrictions on civilian concealed gun carrying in public places
have been plagued by methodological limitations and have found inconsistent relationships between
the adoption of such laws and homicides (Crifasi et al., 2018; Donohue, Aneja, & Weber, 2019; Morral,
2017). As a result, there is great uncertainty about the impact of laws that reduce barriers to civilian
gun carrying on fatal mass shootings.

1
1.1

METHOD
Data

This research relied on data obtained from the FBI’s SHR, which includes information on the number
of victims, the demographics of the offender(s) and victim(s), the weapon(s) used, some circumstances
or perpetrator motives, and the relationship between the offender and the first victim. We limited our
data set to incidents of homicide that occurred between 1984 and 2017, involved four or more victims
(excluding any offender death), and involved a firearm of any type. We excluded any case that was
coded as having a connection to gang or narcotic activity because one of our supplemental data sets
excludes gang- or narcotic-related events. Other studies that have examined mass shooting frequency
have excluded gang and narcotic incidents, so we excluded these incidents to adhere to the current
literature (Klarevas, 2016; Lankford, 2016). We also created a variable that indicated whether a shooting involved a domestic relationship because some laws restrict firearm access based on history of
domestic violence. We defined domestic relationships broadly, including any offender–victim family
relationship, boyfriend/girlfriend, or ex-spouse. Importantly, the offender–victim relationship data in
SHR is based on the relationship between the offender and the first victim recorded in the homicide
report.
Because SHR data rely on voluntary law enforcement reporting, some homicide data is missing.
In particular, exploratory analysis revealed that the SHR did not include several high-profile, highcasualty mass shootings including the 2012 Newtown, CT, school shooting; the 2012 Aurora, CO,
movie theater shooting; and the 2017 Sutherland Springs, TX, church shooting. To remedy these
and other omissions, we compared the SHR data with data on mass shootings collected by Stanford University (Stanford Mass Shootings in America, courtesy of the Stanford Geospatial Center
and Stanford Libraries, n.d.) for the years 1984–2017 and the Gun Violence Archive for the years
2014–2017 (Mass Shootings in 2017, n.d.) and added any missing incidents to our data set.2 We
followed Zeoli et al. (2018) in excluding Florida, Kansas, Kentucky, Nebraska, and Montana from
our analysis because of systemic Uniform Crime Reports (UCR)–SHR reporting issues over multiple
years.
Data on gun laws were collected and coded using traditional legal research methods. We included
several state-level statutes: concealed carry laws, handgun purchaser licensing laws that require either
in-person application or fingerprinting, laws requiring point-of-sale background checks only, firearm
prohibitions for subjects of domestic violence restraining orders that include ex parte orders, firearm
prohibitions for subjects of domestic violence restraining orders that include dating partners in the
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definition of domestic violence, firearm prohibitions for subjects of domestic violence restraining
orders that do not include ex parte orders or dating partners, laws requiring surrender of all firearms
by subjects of domestic violence restraining orders, firearm prohibitions for violent misdemeanants,
assault weapon bans, and large-capacity magazine bans. Some of the legal data was obtained from
prior work (Zeoli et al., 2018). We obtained any missing legal data from the Thomson Reuters Westlaw database. Using Westlaw, Hein Online, and Lexis Nexis, we tracked each state’s statutory history to
determine when each law was enacted. Each collected law was compared with existing publicly available databases of state gun laws (Everytown; Giffords; State Firearm Laws). Any conflicts between our
data set and the databases was resolved by reevaluating the statutory or legislative text. Specific laws
and the states and time periods in which they were in effect are presented in Table 1. For our analysis,
we coded the laws using a binary 0–1 variable that was only equal to 1 in a year in which a given state
law was in effect for at least half of the year.
Our demographic control variables included a commonly used proxy measurement of gun ownership
(proportion of all suicides where the chosen method was a firearm), state unemployment rate, poverty
rate, percent population identified as male, percent population identified as Black, percent married,
percent divorced, percent military veteran, percent living in an Metropolitan Statistical Area, ethanol
consumption per capita, religious adherence, percent with a high school diploma, the drug overdose rate
(estimated by the rate of nonsuicide overdose deaths), and the proportion of the population aged 15–24
years. These variables were gathered from the U.S. Census Bureau (Census), the Centers for Disease
Control and Prevention (CDC), the Bureau of Labor Statistics (BLS), the Religion and Congregation
Membership Survey (ARDA), and the National Institute on Alcohol Abuse and Alcoholism (NIAAA,
2017). Missing years of demographic data were interpolated. These control variables were selected
based on prior research on firearm homicide and suicide (Crifasi et al., 2015; Rudolph et al., 2015;
Zeoli et al., 2018).

1.2

Analysis

We used generalized linear models with a negative binomial distribution to conduct pooled timeseries analyses of three dependent variables measured at the state-year level: domestic-linked mass
shootings, non–domestic-linked mass shootings, and all mass shootings. All three are overdispersed
count variables. In addition to analyzing incidents of fatal mass shootings, we also analyzed the
number of victim fatalities in fatal mass shootings as an outcome variable. The models included
state fixed effects, the law variables, and the sociodemographic covariates as well as linear and
quadratic trend terms to control for unmeasured conditions that may have influenced fatal mass shootings during the study period. In addition to the full models with all covariates, we examined parsimonious models that limited the sociodemographic control variables with coefficients in the full
model that had p values less than .10. All models used a negative binomial distribution with robust
standard errors accounting for clustering by state and with overall state population as the exposure
variable.
We also performed several sensitivity analyses. To provide a more flexible control for unmeasured national trends, we substituted year fixed effects for the linear and quadradic trend terms in
our models. Prior work has suggested that LCM and assault weapon bans might phase in gradually
because of pre-ban spikes in purchasing and production (Koper, Woods, & Roth, 2004). To examine this, we ran our models with state LCM bans and state and federal assault weapon bans coded to
phase in gradually, starting with .2 in year 1 and increasing .2 per year until hitting 1 in year 5. To
evaluate whether specific, high-profile mass shooting incidents might be leading to policy adoption,
we ran our models without specific observations for the years just prior to policy implementation.
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8/23/96

9/1/95

4/8/04

8/1/85–8/1/17

Strict shall issue

pre-1984
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Oklahoma
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FIGURE 1

Victims in fatal mass shootings per 1 million population per year, 1984–2017

We also examined whether our findings changed when the cutoff for defining a fatal mass shooting was five or more victims and six or more victims. All models were estimated in Stata/IC 15.1
(StataCorp).

2

RESULTS

We identified 604 mass shooting incidents involving four or more murdered victims that met our inclusion criteria (no gang- or drug-related shootings) during the 1984–2017 study period. There were 2,976
victims murdered in these incidents, 842 (28.3%) in domestic-related shootings, 2,057 (69.1%) victims
in non–domestic-related shootings, and 77 victims in all shootings in which it was unclear whether
the shooting was domestic related. The annual rate of mass shooting fatalities per 1 million population
nationwide was .36 per 100,000 population and ranged from 0 in Delaware and Rhode Island to .88 in
South Carolina (see Table A1 in the Appendix). This rate was stable through most of the study period,
drifted upward during 2007–2014, before accelerating between 2014 and 2017 (Figure 1). The mean
number of victim fatalities by gunfire per incident during the study period was 4.93; victim fatalities
were somewhat higher during the years after the federal ban of assault weapons and LCMs expired
compared with the decade during which the ban was in place (5.85 during 2005–2017 vs. 4.59 during
1995–2004; Figure 2). Most shootings had four to six victims (Figure 3). A list of descriptive statistics
for independent variables can be found in Table 2.
The estimates from the full negative binomial models (Table 3) indicate that handgun purchaser
licensing laws requiring in-person application with law enforcement or fingerprinting were associated with incidents of fatal mass shootings 56% lower than that of other states (internal rate of return
[IRR] = 0.44, 95% confidence interval [CI] 0.26, 0.73). For LCM bans, the IRR estimate (0.52, 95%
CI = 0.27, 0.98) indicates a 48% lower risk of fatal mass shootings associated with the policy. We
found no evidence that concealed carry laws, assault weapons bans, prohibitions for domestic abusers
and violent misdemeanants, or point-of-sale CBC laws were associated with the incidence of fatal mass
shootings. In models in which the number of mass shooting victim fatalities was the outcome, handgun
purchaser licensing was protective (IRR = 0.44, 95% CI 0.24, 0.82) and the point estimate for LCM
bans suggests a large protective effect albeit with a wide confidence interval (IRR = 0.30, 95% CI .08,
1.10) that make inferences less certain.
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FIGURE 2

Mean number of victims murdered per incident in shootings involving 4+ victim fatalities,

1984–2017
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FIGURE 3

Number of incidents of fatal mass shootings by the number of victims killed, united states,

1984–2017

Models for the incidence of mass shootings with domestic or intimate partner violence links revealed
no significant associations with laws prohibiting firearms for domestic violence abusers or violent
misdemeanants, or purchaser licensing laws (Table 4). LCM bans, however, were associated with a
61% lower rate of domestic mass shootings (IRR = 0.39, 95% CI 0.21, 0.73). The association for
LCM bans was somewhat stronger in models for the number of victim fatalities in mass shootings
(IRR = 0.25, 95% CI 0.11, 0.59). CBC laws were associated with large increases in domestic mass
shooting victim counts (IRR = 2.23, 95% CI 1.10, 4.51).
Purchaser licensing laws were associated with a 62% lower incidence of non–domestic-linked fatal
mass shootings (IRR = 0.38, 95% CI 0.20, 0.70) in the full model (Table 5). If the proxy for gun
ownership is left out of the model, the IRR is similar (IRR = 0.39, 95% CI 0.22, 0.67). LCM bans were
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Descriptive statistics for independent variables used in the analyses

Variable
Concealed carry permits—May issue as reference
No issue

Mean
.14

Min

Max

0

1

SD
.35

Shall issue with discretion

.21

0

1

.41

Strict shall issue

.28

0

1

.45

Permitless

.05

0

1

.21

Purchaser licensing with discretion

.07

0

1

.25

Purchaser licensing in-person application/fingerprint required

.17

0

1

.37

Comprehensive background check—point of sale

.09

0

1

.28

DVRO firearm prohibition w/ final order, no dating partners

.04

0

1

.20

DVRO firearm prohibition includes ex parte

.22

0

1

.41

DVRO firearm prohibition includes dating partners

.27

0

1

.44

DVRO firearm prohibition surrender provision

.28

0

1

.45

Violent misdemeanor

.13

0

1

.34

Federal assault weapon ban

.29

0

1

.46

State assault weapon ban

.08

0

1

.26

Large-capacity magazine ban

.08

0

1

.27

Gun ownership (firearm suicides/all suicides)
Unemployment (%)

.56

.13

.87

.14

5.76

2.3

14.8

1.91
3.79

Percent in poverty

12.84

2.9

27.2

Percent male

49.16

47.63

52.71

.87

Percent Black

10.91

.28

38.29

9.77

Percent married

54.81

42.26

67.64

4.93

Percent divorced

10.31

4.78

16.54

2.03

Percent veteran

13.10

4.00

21.88

Percent living in MSA

70.09

14.94

100

2.40

1.23

5.10

Religious adherence (%)

Ethanol consumption per capita

50.62

22.43

83.97

Percent Completed high school

83.30

Drug overdose rate
Log proportion aged 15–24

7.30
–1.93

3.87
19.94
.54
11.57

62.59

92.8

5.87

.14

55.26

6.55

–2.15

–1.61

.09

Note. DVRO = domestic violence restraining order; MSA = Metropolitan Statistical Area; SD = standard deviation. Models also include
state fixed effects, linear and quadratic time trend terms.
*
p = .05.

linked with a lower incidence of non–domestic-linked fatal mass shootings in the parsimonious model
(IRR = .34, 95% CI .14, .81); however, the IRR estimate for LCM bans of .65 and was not statistically
significant in the full model. None of the other firearm laws were associated with the incidence of
non–domestic-linked fatal mass shootings.

2.1

Sensitivity Analyses

The models that assumed gradual effects for bans of assault weapons and large capacity magazines
produced somewhat different results (Tables A2–A4). The negative association between LCM bans
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TABLE 3

Estimates for incident rate ratio for the incidence of fatal mass shootings

Variable

Incidents (n = 604)
IRR
95% CI

Victim Deaths
(n = 2,976)
IRR
95% CI

Concealed carry permits—May issue as reference
No issue

.93

[.55, 1.58]

1.53

[.82, 2.85]

Shall issue with discretion

.91

[.51, 1.60]

1.14

[.60, 2.19]

Strict shall issue

1.28

[.72, 2.27]

1.44

[.70, 2.94]

Permitless

1.29

[.50, 3.29]

1.02

Purchaser licensing in-person application/fingerprint required
Comprehensive background check—point of sale
DVRO firearm prohibition w/ final order, no dating partners

*

[.32, 3.28]
*

.44

[.26, .73]

.43

[.26, .73]

1.10

[.77, 1.58]

1.43

[.74, 2.77]

.86

[.42, 1.77]

.72

[.33, 1.59]

1.10

[.76, 1.58]

1.13

[.71, 1.77]

DVRO firearm prohibition includes dating partners

.89

[.56, 1.42]

.91

[.50, 1.65]

DVRO firearm prohibition surrender provision

.76

[.50, 1.16]

.75

[.44, 1.27]

DVRO firearm prohibition includes ex parte

1.51

[.79, 2.89]

1.25

[.63, 2.46]

Federal assault weapon ban

Violent misdemeanor

.92

[.67, 1.26]

.96

[.63, 1.46]

State assault weapon ban

.71

[.34, 1.48]

1.11

[.30, 4.16]

Large-capacity magazine ban

.52*

[.27, .98]

.30

[.08, 1.10]

Gun ownership

.15

[.00, 4.76]

.96

[.93, 1.00]

Unemployment

1.03

[.95, 1.10]

1.02

[.92, 1.13]

Percent in poverty

1.01

[.95, 1.07]

1.00

[.93, 1.07]

Percent male

.80

[.37, 1.70]

.84

[.36, 1.94]

Percent Black

1.07

[.91, 1.26]

1.18

[.96, 1.45]

Percent married

1.03

[.94, 1.13]

1.00

[.89, 1.11]

Percent divorced

1.03

Percent veteran

.86*

[.80, 1.32]

.99

[.74, 1.32]

[.75, .99]

.92

[.78, 1.09]

Percent living in MSA

1.00

[.98, 1.03]

1.00

[.97, 1.02]

Ethanol consumption per capita

1.10

[.40, 3.03]

.80

[.24, 2.69]

Religious adherence

1.01

[.97, 1.06]

.99

[.93, 1.04]

Percent completed high school

1.05

[.98, 1.13]

1.06

[.97, 1.16]

Drug overdose rate

1.01

[.97, 1.05]

.99

[.95, 1.03]

[.00, .99]

.99

[.95, 1.03]

Log proportion aged 15–24

.06*

Note. CI = confidence interval; DVRO = domestic violence restraining order; IRR = incident rate ratio; MSA = Metropolitan Statistical
Area; SD = standard deviation. Models also include state fixed effects, linear and quadratic time trend terms.
* p = .05.

and total fatal mass shootings (IRR = 0.74, 95% CI 0.42, 1.31) and the number of victims killed in
mass shootings (IRR = 0.38, 95% CI 0.10, 1.44) was no longer statistically significant in the full
model, but it was associated with lower incidence in the parsimonious model for all fatal mass shootings
(IRR = 0.54, 95% CI 0.29, 1.00). For domestic-linked mass shootings, LCM bans were associated with
lower incidence in the parsimonious model for (IRR = 0.58, 95% CI 0.36, 0.94) and with fewer victim
fatalities in the full model (IRR = 0.31, 95% CI 0.11, 0.86). Purchaser licensing laws were associated
with lower incidence of total fatal mass shootings (IRR = 0.46, 95% CI 0.27, 0.77) and lower incidence
rates for non–domestic-linked fatal mass shootings (IRR = 0.42, 95% CI 0.22, 0.77).
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Estimates for incident rate ratio for domestic-linked mass shootings

Variable

Incidents (n = 182)
IRR
95% CI

Victim Deaths
(n = 842)
IRR
95% CI

Concealed Carry Permit—May issue reference
No issue

.66

[.26, 1.68]

.74

[.27, 2.08]

Shall issue w/discretion

.98

[.41, 2.34]

.81

[.33, 2.00]

Strict shall issue
Permitless
Purchaser licensing in-person application or fingerprint
required
Comprehensive background checks—point of sale
DVRO prohibition—final orders, dating partner excluded

.90

[.33, 2.46]

.78

[.25, 2.48]

2.33

[.35, 15.70]

1.43

[.16, 13.21]

.93

[.39, 2.19]

1.43

[.60, 3.39]

1.88

[.92, 3.85]

2.22*

[1.10, 4.50]

.89

[.31, 2.56]

.69

[.22, 2.13]

1.51

[.84, 2.71]

1.42

[.74, 2.74]

DVRO includes dating partners

.91

[.57, 1.43]

.80

[.50, 1.30]

DVRO surrender required

.85

[.45, 1.64]

.82

[.40, 1.67]

DVRO prohibition ex parte included

Violent misdemeanor prohibition

1.86

[.45, 7.69]

2.08

[.57, 7.60]

Federal assault weapons/LCM ban

.87

[.50, 1.51]

.84

[.46, 1.55]

State assault weapons ban

.40

[.14, 1.19]

.42

[.13, 1.32]

Large-capacity magazine ban

.39*

[.21, .73]

.25*

[.11, .59]

Gun ownership

.06

[.00, 8.9]

.96

[.89, 1.04]

Unemployment

1.05

[.91, 1.21]

1.09

[.92, 1.29]

Percent in poverty

1.01

[.89, 1.15]

1.00

[.87, 1.14]

Percent male

1.02

[.28, 3.68]

1.08

[.23, 5.03]

Percent Black

1.00

[.81, 1.24]

1.03

[.81, 1.30]

.96

[.82, 1.13]

.97

[.82, 1.16]

Percent married
Percent divorced

.90

[.61, 1.32]

.91

[.58, 1.43]

Percent veteran

1.00

[.83, 1.22]

1.08

[.89, 1.31]

Percent living in MSA

1.00

[.95, 1.05]

.98

[.93, 1.03]

.91

[.14, 6.00]

.79

[.11, 5.78]

Religious adherence

1.02

[.94, 1.10]

1.00

[.92, 1.08]

Percent completed high school

1.02

[.91, 1.14]

.99

[.88, 1.12]

.98

[.92, 1.04]

.97

[.91, 1.04]

1.26

[.02, 95.3]

1.02

[.78, 1.34]

Ethanol consumption per capita

Drug overdose rate
Log proportion aged 15–24

Note. CI = confidence interval; DVRO = domestic violence restraining order; IRR = incident rate ratio; MSA = Metropolitan Statistical
Area; SD = standard deviation. Models also include state fixed effects, linear and quadratic time trend terms.
* p = .05.

When we used year fixed effects to account for unmeasured national trends in mass shootings, our
point estimates for the gun law variables were similar to those in our primary models with linear and
quadratic trend terms; however, the confidence intervals for the estimates expanded and the association
between LCM bans and the incidence (.56, 95% CI .27, 1.16) and fatalities for all mass shootings
(IRR = .37, 95% CI .11, 1.31) were no longer statistically significant at the .05 level (Table A5).
Negative associations for LCM bans and the incidence and number of fatalities for domestic-linked
mass shootings and negative associations between purchaser licensing and non–domestic-linked mass
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TABLE 5

Estimates for models for mass shooting incidents not linked to domestic violence

Variable
Concealed carry permit—may issue reference
No issue
Shall issue with discretion
Strict shall issue
Permitless

Incidents (n = 401)
IRR
95% CI

Victim Deaths
(n = 2,057)
IRR
95% CI

1.02

[.51, 2.05]

1.82

[.85, 3.90]

.84

[.38, 1.86]

1.19

[.50, 2.79]

1.52

[.86, 2.70]

1.83

[.89, 3.79]

.68

[.26, 1.79]

1.10

*

[.25, 4.81]
*

Purchaser licensing in-person or fingerprint required

.38

[.21, .70]

.35

[.19, .63]

Comprehensive background check—point of sale

.84

[.48, 1.47]

1.09

[.44, 2.70]

DVRO prohibition—final orders, dating partner excluded

.88

[.32, 2.44]

.72

[.24, 2.19]

1.02

[.53, 1.96]

1.17

[.59, 2.30]

DVRO prohibition Inc. Dating Partners

.88

[.44, 1.77]

.94

[.40, 2.19]

DVRO prohibition with Surrender Provision

.75

[.35, 1.60]

.84

[.35, 1.99]

DVRO prohibition includes Ex Parte

1.32

[.65, 2.68]

.94

[.46, 1.91]

Federal assault weapon ban

Violent misdemeanor prohibition

.98

[.65, 1.46]

1.11

[.67, 1.85]

State assault weapon ban

.73

[.31, 1.72]

1.01

[.25, 4.11]

Large capacity magazine ban

.65

[.26, 1.63]

.43

[.10, 1.81]

Gun ownership

.77

[.01, 47.8]

.97

[.93, 1.02]

Unemployment

1.04

[.97, 1.11]

1.02

[.93, 1.12]

Percent in poverty

1.00

[.93, 1.07]

.98

[.90, 1.07]

Percent male

.67

[.26, 1.68]

.66

[.24, 1.81]

Percent Black

1.08

[.87, 1.33]

1.26

[.93, 1.69]

Percent married

1.06

[.92, 1.22]

.98

[.84, 1.14]

Percent divorced

1.10

Percent Veteran

.79*

[.77, 1.56]

.94

[.64, 1.38]

[.66, .96]

.89

[.70, 1.13]

Percent living in MSA

1.01

[.98, 1.05]

1.01

[.97, 1.06]

Ethanol consumption per capita

1.20

[.26, 5.50]

.93

[.15, 5.78]

Religious adherence

1.01

[.95, 1.08]

.99

[.91, 1.07]

Percent completed high school

1.05

[.94, 1.18]

1.09

[.96, 1.23]

Drug overdose rate

1.03

[.99, 1.08]

1.01

[.96, 1.06]

.02

[.00, 1.46]

.78

[.53, 1.15]

Log proportion aged 15–24

Note. CI = confidence interval; DVRO = domestic violence restraining order; IRR = incident rate ratio; MSA = Metropolitan Statistical
Area; SD = standard deviation. Models also include state fixed effects, linear and quadratic time trend terms.
* p = .05.

shootings were consistent with our primary models (Tables A6–A7). When we used Poisson fixedeffects regression models, our estimates for the association between the firearm laws of interest and
fatal mass shootings were consistent with the estimates in our primary models (Tables A8-A10).
To evaluate whether particularly fatal mass shootings led to passage of the policies at interest, we
conducted an analysis that omitted certain observations. We determined that, after a mass shooting
with 10 or more fatalities, only two states adopted a law that showed a statistically significant effect
in our main models: Connecticut and Colorado both adopted LCM bans after major mass shootings
in 2012. We omitted the 2012 observations for these two states and repeated our analysis. When these
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observations were omitted, the point estimate for purchaser licensing was similar to our main model of
all mass shooting incidents (IRR = .40, 95% CI .23, .69; Table A11) and fatalities (IRR = .33, 95% CI
.19, .59). Similarly purchaser licensing was associated with reductions in non–domestic-linked mass
shootings (IRR = .38, 95% CI .20, .70; Table A13) and fatalities (IRR = .34, 95% CI .18, .62). For
all mass shootings, LCM bans estimates were similar to our primary models but no longer statistically
significant for incidents (IRR = .56, 95% CI .30, 1.03; Tale A11) and fatalities (IRR = .40, 95% CI
.14, 1.14). LCM bans were statistically significant and protective for domestic-linked mass shooting
incidents (IRR = .46, 95% CI .23, .89; Table A12) and fatalities (IRR = .45, 95% CI .22, .91).
In the models using different victim fatality thresholds for mass-shootings (five and six victims),
the data were too sparse to stratify by domestic violence link. When mass shootings were limited to
those with five or more victims (n = 198 shootings), LCM bans were associated with an 80% lower
incidence in the full model (IRR = .20, 95% CI .06, .67; Table A14). Although the point estimate for
purchaser licensing laws was similar to that for the models with four victim fatality thresholds, it was not
statistically significant (IRR = .52, 95% CI .15, 1.83). The estimate for No Issue concealed carry permit
laws did change dramatically with the five-fatality threshold and was associated with much higher
incidence of fatal mass shootings (IRR = 4.14, 95% CI 1.57, 10.87; Table A14). No Issue concealed
carry laws no longer exist, however, as every state now allows for some form of civilian concealed
carry. Similarly, when mass shootings were limited to those with six or more victims (Table A15),
LCM bans were associated with an 87% lower incidence in the full model (IRR = .14, 95% CI .03, .70)
and purchaser licensing laws were not associated with any change.

3

DISCUSSION

The rate at which Americans are murdered in mass shootings has increased in recent years. For decades,
horrific mass shootings have prompted intense political debates about whether such incidents can be
prevented and what would be the most effective policy responses. Prior research on the effects of
firearm policies on fatal mass shootings has important limitations, leaving questions about the effectiveness of strengthened gun regulations such as comprehensive background checks or policies that
have been implemented to encourage more civilian gun carrying in public places.
The findings of this study suggest that the most common policy prescriptions offered by advocates
on each side of the debate over gun control—comprehensive background checks and assault weapons
bans on one side and so-called “Right to Carry” laws reducing restrictions on civilian concealed carry
of firearms on the other side—do not seem to be associated with the incidence of fatal mass shootings.
Twenty-eight percent of the shootings in this study had some connection to domestic violence, yet
we found no evidence that laws designed to keep firearms from perpetrators of domestic violence
have affected mass shootings connected to domestic violence. This is somewhat surprising given prior
research demonstrating that laws prohibiting persons under domestic violence restraining orders from
possessing firearms or with prior convictions for violent misdemeanors were associated with reduced
intimate partner homicides (Zeoli et al., 2018).
This study identified two policies associated with reductions in fatal mass shootings—laws requiring firearm purchasers or owners to acquire a license that involves in-person application and/or fingerprinting of applicants and state laws banning the purchase of LCMs or ammunition-feeding devices
for semiautomatic firearms. The size of the estimated protective effects of these two policies are striking, although there are large confidence intervals. Firearm purchaser or owner licensing laws have
been shown to reduce firearm homicides (Crifasi et al., 2018; Hasegawa, Small, & Webster, 2019;
Rudolph et al., 2015; Webster, Crifasi, & Vernick, 2014) and suicides (Crifasi et al., 2015); thus, it
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is plausible that these laws reduce firearm availability to individuals who are at risk of committing
many forms of lethal violence including multivictim fatal shootings. States with licensing requirements for firearm purchasers typically review broader types of data to identify conditions that prohibit
firearm possession and use fingerprints to identify individuals with criminal histories rather than rely
solely on biographical information provided by the applicant. In addition, rigorous firearm purchaser
licensing may also reduce illegal straw sales and other types of diversion of guns for criminal use
(Crifasi, Buggs, Choksy, & Webster, 2017).
Assault rifles are commonly used in mass shootings with the most casualties, and certain design
features of these weapons plausibly facilitate the ability of an assailant to rapidly shoot many rounds
(e.g., barrel shrouds and pistol grips). But the capacity of the ammunition-feeding device and the ability
to quickly reload may be the most relevant feature of firearms that influence the incidence and outcomes
of mass shootings. Furthermore, most mass shootings do not involve assault rifles, but many involve
the use of LCMs. This may explain why we found that LCM bans were associated with significant
reductions in the incidence of fatal mass shootings but that bans on assault weapons had no clear effects
on either the incidence of mass shootings or on the incidence of victim fatalities from mass shootings.
Studies that have collected detailed data on the specific firearms used in fatal mass shootings show that
firearms with LCMs are used roughly twice as frequently as firearms identified as assault weapons.
In the Koper et al. (2018) study of mass shootings with four or more victim fatalities during 2009–
2016, 19% involved firearms with an LCM and 10% involved firearm models classified as assault
weapons. Additionally, Klarevas (2016) found that, during 2006–2015 (after the federal ban expired),
67% of mass shootings with six or more victim fatalities involved the use of an LCM versus 26% with
an assault weapon model. Based on the data from Koper (2020), Koper et al. (2018), and Klarevas
(2016), our point estimates may be somewhat higher than would be plausible based on the prevalence
of LCM use in fatal public mass shootings, although the confidence intervals for these estimates are
wide and encompass the estimates of the prevalence of use of LCMs in fatal mass shootings. Also,
Koper (2013) found no evidence of decreased use of LCMs in the years after the federal ban in data
from four cities that collected such data. This suggests that the supply of pre-ban LCMs was plentiful
and that LCMs bans may take years to sufficiently reduce their availability for criminal misuse. Yet our
models estimating gradual effects of state LCM bans showed weaker law effects than did the models
assuming immediate effects. Passage of LCM bans may coincide with unmeasured factors related to
protection against fatal mass shootings other than the comprehensive list of firearm laws examined
here. Regardless, there is a clear functional link between LCMs and the ability of a shooter to take
more lives. Our estimates of LCM ban impacts show the largest protective effects on high-fatality
count shootings and on the number of victims murdered in mass shootings, and the point estimates are
large in all model specifications.
It should be noted that the federal assault weapons ban and some state bans of assault weapons
have resulted in gun manufacturers making slight alterations in the characteristics of weapon models
that are banned. These newer models, assault weapons that were grandfathered by the bans, and the
ability to purchase components of assault weapons online provide substitutes for the banned firearms
for individuals considering carrying out acts of mass violence. LCM bans may be less likely to result
in acquisition of equivalent substitutes as is the case for assault weapon bans.
There are limitations to this study that relate to the lack of systematic data at the state level on
determinants of mass shootings that would aid in the modeling of state-level trends of rare events. We
drew from prior research on factors associated with state-level rates of homicides and suicides. Mass
shootings involve a very small proportion of such events, however, and the conditions that facilitate or
suppress lethal violence overall may not explain rare and especially lethal mass shooting events. In addition, this study was not designed to fully explore the relationship between assault weapon bans and their
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impact on fatal mass shootings. We did not examine, for example, whether the bans influenced the incidence of assault weapons being used in mass shootings because such data are not available for all fatal
mass shootings. We also only examined fatal mass shootings, in which the number of fatalities rather
than casualties determined whether an incident was included in the analysis. Booty, O’Dwyer, Webster,
McCourt, and Crifasi (2019) have raised the issue of inconsistencies in mass shooting databases that
define “mass shooting” differently, and we acknowledge that our results are influenced by the definition
that we have chosen.
Despite these limitations, our estimates of the effects of state and federal gun laws on fatal mass
shootings are mainly robust to different modeling assumptions and consistent with other research findings. Firearm purchaser licensing requirements are likely to reduce overall firearm availability within
a state as well as reduce firearm availability to high-risk individuals. This study provides evidence that
firearm purchaser or ownership licensing with fingerprinting reduce the risk of fatal mass shootings in
addition to firearm homicides more broadly. LCM bans also seem to reduce the incidence of fatal mass
shootings and the number of fatalities in mass shootings. Policy makers should consider these findings
when crafting proposals to reduce deaths from mass shootings.
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ENDNOTES
1 The

researchers used Traveler’s Guide to the Firearms Laws of the Fifty States that provides annual ratings for the
restrictiveness–permissiveness scale of U.S. gun laws for each state based on assessments of legal professionals who
represent gun owners in legal cases. This publication gives a rating between 0 (completely restrictive) and 100 (completely permissive).

2 Stanford Mass Shootings in America collected data on incidents with three or more shooting casualties in a public place,

excluding incidents related to gang or narcotic involvement; this data source ceased data collection in early 2016. The
Gun Violence Archive (GVA) is a publicly available data source that collects information on incidents that had four or
more shooting casualties, but a search query can restrict information to four or more fatalities. Twenty-three incidents
were added from Stanford, and 10 incidents were added from GVA.
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T A B L E A2

Estimates for incident rate ratios for all fatal mass shootings using gradual assault weapon and LCM

ban variables

Variable
Concealed carry permits—may issue as reference
No issue
Shall issue with discretion
Strict shall issue
Permitless
Purchaser licensingb
Comprehensive background check—point of sale

All Fatal Mass Shooting
Incidents (n = 604
shootings)
IRR
95% CI
(IRRa )
(95% CIa )

Fatalities in All Fatal
Mass Shootings
(n = 2,976 fatalities)
IRR
95% CI
(IRR)
(95% CI)

.94

[.55, 1.59]

1.53

[.83, 2.84]

(.97)

(.58, 1.63)

(1.45)

(.78, 2.68)

.95

[.54, 1.69]

1.15

[.59, 2.22]

(.88)

(.50, 1.55)

(1.08)

(.54, 2.18)

1.34

[.75, 2.39

1.46

[.71, 2.98]

(1.20)

(.72, 1.99)]

(1.36)

(.75, 2.47)

1.35

[.52, 3.51]

1.02

[.31, 3.36]

(1.24)

(.50, 3.03)

(.95)

(.30, 3.07)

[.27, .77]

.44*

[.24, .82]

.46*
(.50)

(.34, .73)

(.62)

(.35, 1.07)

1.08

[.75, 1.55]

1.42

[.73, 2.79]

(1.12)

(.78, 1.62)

(1.57)

(.72, 3.43)

DVRO firearm prohibition no dating partners

.83

[.40, 1.72]

.70

[.31, 1.62]

(.94)

(.43, 2.04)

(.65)

(.30, 1.42)

DVRO firearm prohibition includes ex parte

1.08

[.74, 1.57]

1.10

[.69, 1.76]

(1.04)

(.68, 1.57)

(.98)

(.59, 1.63)

.93

[.58, 1.50]

.94

[.51, 1.70]

(.89)

(.55, 1.42)

(.90)

(.50, 1.63)

.75

[.48, 1.15]

.74

[.43, 1.25]

DVRO firearm prohibition Includes dating partners
DVRO firearm prohibition surrender provision
Violent misdemeanor
Federal assault weapon ban (gradual)
State assault weapon ban (gradual)
Large-capacity magazine ban (gradual)

(.77)

(.48, 1.25)

(.84)

(.48, 1.46)

1.50

[.82, 2.73]

1.30

[.67, 2.54]

(1.48)

(.77, 2.84)

(1.30)

(.59, 2.87)

.95

[.70, 1.29]

1.02

[.65, 1.60]

(.96)

(.70, 1.32)

(1.06)

(.70, 1.60)

.64

[.35, 1.18]

1.01

[.29, 3.47]

(.66)

(.30, 1.48)

(.90)

(.21, 3.76)

.74

[.42, 1.31]

.38

[.10, 1.44]

(.54)

(.29, 1.00)

(.40)

(.10, 1.60)

Gun ownership

.98

[.95, 1.02]

.96

[.93, 1.00]

Unemployment

1.02

[.95, 1.10]

1.02

[.92, 1.13]

Percent in poverty

1.01

[.95, 1.07]

1.00

[.93, 1.07]

Percent male

.84

[.39, 1.78]

.85

[.37, 1.95]

Percent Black

1.07

[.91, 1.26]

1.19

[.96, 1.46]

Percent married

1.02

[.93, 1.13]

.99

[.88, 1.11]

Percent divorced

1.04

[.80, 1.33]

.99

[.74, 1.32]
(Continues)
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(Continued)

Variable
Percent veteran

.87*

Fatalities in All Fatal Mass
Shootings (n = 2,976
fatalities)
IRR
95% CI
(IRR)
(95% CI)

[.76, .99]

.94

[.79, 1.10]

Percent living in MSA

1.00

[.98, 1.03]

1.00

[.97, 1.03]

Ethanol consumption per capita

1.13

[.42, 3.02]

.82

[.26, 2.64]

Religious adherence

1.02

[.97, 1.06]

.99

[.93, 1.04]

Percent completed high school

1.06

[.98, 1.14]

1.06

[.98, 1.16]

Drug overdose rate (per 100,000)

1.01

[.97, 1.05]

.99

[.95, 1.03]

.84

[.69, 1.02]

.88

[.71, 1.09]

Percent aged 15–24
Linear time trend
Quadratic time trend
a Parsimonious
b Handgun
*

All Fatal Mass Shooting
Incidents (n = 604 shootings)
IRR
95% CI
(IRRa )
(95% CIa )

p = .05.

.91

[.80, 1.04]

.90

[.77, 1.04]

1.00

[1.00, 1.00]

1.00

[1.00, 1.00]

model results.
purchaser licensing with in-person application and/or fingerprinting of applicant.
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T A B L E A3

Estimates for incident rate ratios for domestic-linked fatal mass shootings using gradual assault
weapon and LCM ban variables

Variable
Concealed carry permit—may issue reference

Domestic-Linked Fatal
Mass Shooting
incidents (n = 182
shootings)
IRR
95% CI
(IRRa )
(95% CIa )

Fatalities in
Domestic-Linked Mass
Shootings (n = 842
fatalities)
IRR
95% CI
(IRR)
(95% CI)

.69

[.28, 1.74]

.80

[.29, 2.16]

No issue

(.67)

(.30, 1.51)

(.76)

(.31, 1.87)

Shall issue w/ discretion

1.02

[.42, 2.48]

.83

[.33, 2.07]

(1.04)

(.46, 2.37)

(.89)

(.37, 2.14)

.94

[.35, 2.55]

.82

[.27, 2.55]

Strict shall issue
Permitless
Purchaser licensingb
Comprehensive background checks—point of sale
DVRO prohibition—final orders, dating partner excluded
DVRO prohibition ex parte included
DVRO includes dating partners
DVRO surrender required
Violent misdemeanor prohibition
Federal assault weapons/LCM ban (gradual)
State assault weapons ban (gradual)
Large-capacity magazine ban (gradual)

(.96)

(.40, 2.28)

(.91)

(.33, 2.49)

2.32

[.34, 15.75]

1.45

[.16, 13.37]

(1.98)

(.33, 12.01)

(1.37)

(.16, 12.03)

.89

[.34, 2.37]

1.23

[.44, 3.42]

(.80)

(.33, 1.93)

(1.53)

(.63, 3.77)

1.79

[.89, 3.59]

2.07*

[1.03, 4.17]

(1.77)

(.90, 3.48)

(2.20)*

(1.12, 4.32)

.84

[.29, 2.45]

.66

[.21, 2.11]

(.79)

(.33, 1.88)

(.49)

(.20, 1.22)

1.46

[.83, 2.58]

1.36

[.71, 2.61]

(1.47)

(.85, 2.57)

(1.24)

(.63, 2.41)

.93

[.59, 1.47]

.83

[.52, 1.33]

(.89)

(.55, 1.45)

(.79)

(.46, 1.35)

.82

[.42, 1.60]

.77

[.37, 1.60]

(.85)

(.46, 1.58)

(.90)

(.45, 1.81)

1.61

[.45, 5.83]

1.87

[.57, 6.12]

(1.89)

(.56, 6.37)

(2.15)

(.65, 7.14)

1.28

[.66, 2.48]

1.25

[.60, 2.59]

(.93)

(.58, 1.51)

(.85)

(.49, 1.48)

.50

[.17, 1.43]

.62

[.19, 2.04]

(.51)

(.19, 1.36)

(.68)

(.20, 2.33)
[.11, .86]

.52

[.26, 1.02]

.31*

(.58)*

(.36, .94)

(.37)

(.13, 1.11)

Gun ownership

.97

[.90, 1.02]

.97

[.89, 1.04]

Unemployment

1.05

[.91, 1.22]

1.10

[.93, 1.30]

Percent in poverty

1.01

[.89, 1.15]

1.00

[.88, 1.14]

Percent male

.96

[.27, 3.48]

1.01

[.22, 4.67]

Percent Black

1.02

[.82, 1.28]

1.06

[.83, 1.34]

.91

[.77, 1.08]

.92

[.76, 1.11]

Percent married

(Continues)
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(Continued)

Variable
Percent divorced

.86

Fatalities in Domestic-Linked
Mass Shootings (n = 842
fatalities)
IRR
95% CI
(IRR)
(95% CI)

[.59, 1.27]

.88

[.56, 1.38]

Percent veteran

1.05

[.88, 1.24]

1.13

[.94, 1.36]

Percent living in MSA

1.00

[.95, 1.05]

.98

[.93, 1.03]

Ethanol consumption per capita

1.24

[.20, 7.88]

1.12

[.16, 7.90]

Religious adherence

1.02

[.94, 1.10]

1.00

[.93, 1.08]

Percent completed high school

1.01

[.91, 1.13]

.98

[.87, 1.10]

Drug overdose rate

.98

[.92, 1.04]

.97

[.91, 1.04]

Percent aged 15–24

1.00

[.74, 1.34]

1.01

[.75, 1.34]

.97

[.77, 1.21]

1.00

[.79, 1.26]

1.00

[1.00, 1.01]

1.00

[1.00, 1.01]

Linear time trend
Quadratic time trend
a

Domestic-Linked Fatal Mass
Shooting incidents (n = 182
shootings)
IRR
95% CI
(IRRa )
(95% CIa )

Parsimonious model results.
b Handgun purchaser licensing with in-person application and/or fingerprinting of applicant.
* p = .05.
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T A B L E A4

Estimates for incident rate ratios for non–domestic-linked fatal mass shootings using gradual assault
weapon And LCM ban variables

Variable
Concealed carry permit—may issue reference
No issue
Shall issue w/ discretion
Strict shall issue
Permitless
Purchaser licensingb
Comprehensive background checks—point of sale
DVRO prohibition—final orders, dating partner excluded
DVRO prohibition ex parte included
DVRO includes dating partners
DVRO surrender required
Violent misdemeanor prohibition
Federal assault weapons/LCM ban (gradual)
State assault weapons ban (gradual)
Large-capacity magazine ban (gradual)

Non–Domestic-Linked
Fatal Mass Shooting
incidents (n = 401
shootings)
IRR
95% CI
(IRRa )
(95% CIa )

Fatalities in Non–
Domestic-Linked
Mass Shootings
(n = 2,057 fatalities)
IRR
95% CI
(IRR)
(95% CI)

1.01

[.50, 2.01]

1.78

[.84, 3.80]

(1.12)

(.55, 2.30)

(1.74)

(.82, 3.68)

.91

[.41, 2.02]

1.20

[.50, 2.89]

(.81)

(.36, 1.83)

(1.00)

(.41, 2.43)

1.66

[.95, 2.92]

1.85

[.90, 3.83]

(1.43)

(.87, 2.35)

(1.60)

(.88, 2.93)

.75

[.28, 2.04]

1.12

[.25, 5.09]

(.71)

(.27, 1.87)

(1.02)

(.22, 4.73)

.42*

[.22, .77]

.38*

(.43)*

(.25, .72)

(.48)*

(.26, .91)

.81

[.46, 1.45]

1.07

[.43, 2.68]

(.86)

(.48, 1.54)

(1.27)

(.42, 3.87)

.84

[.30, 2.39]

.71

[.23, 2.22]

(1.07)

(.34, 3.37)

(.78)

(.24, 2.57)

1.01

[.53, 1.94]

1.16

[.59, 2.30]

(.94)

(.43, 2.03)

(1.09)

(.50, 2.35)

.94

[.47, 1.89]

.97

[.41, 2.29]

(.86)

(.43, 1.72)

(.91)

(.40, 2.08)

[.20, .73]

.75

[.35, 1.60]

.83

[.35, 1.98]

(.78)

(.33, 1.86)

(.91)

(.37, 2.26)

1.35

[.69, 2.67]

1.02

[.50, 2.07]

(1.18)

(.57, 2.46)

(.90)

(.38, 2.15)

.86

[.59, 1.27]

1.08

[.62, 1.87]

(.95)

(.66, 1.38)

(1.15)

(.71, 1.86)

.58

[.25, 1.33]

.67

[.17, 2.70]

(.69)

(.27, 1.78)

(.67)

(.15, 2.90)

1.10

[.47, 2.56]

.67

[.16, 2.76]

(.50)

(.23, 1.09)

(.44)

(.11, 1.75)

Gun ownership

1.00

[.96, 1.04]

.97

[.93, 1.02]

Unemployment

1.03

[.96, 1.10]

1.02

[.93, 1.11]

Percent in poverty

1.00

[.93, 1.07]

.98

[.91, 1.07]

Percent male

.74

[.29, 1.86]

.68

[.25, 1.83]

Percent Black

1.08

[.88, 1.32]

1.25

[.93, 1.69]

Percent married

1.07

[.92, 1.24]

.98

[.83, 1.15]
(Continues)
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(Continued)

Variable

Non–Domestic-Linked Fatal
Mass Shooting incidents
(n = 401 shootings)
IRR
95% CI
(IRRa )
(95% CIa )

Percent divorced

1.13

Percent veteran
Percent living in MSA

1.02

[.79, 1.60]

.94

[.64, 1.38]

[.66, .95]

.89

[.70, 1.12]

[.98, 1.05]

1.01

[.97, 1.06]

Ethanol consumption per capita

1.09

[.25, 4.76]

.88

[.15, 5.13]

Religious adherence

1.02

[.96, 1.08]

.99

[.91, 1.07]

Percent completed high school

1.07

[.95, 1.19]

1.10

[.97, 1.24]

Drug overdose rate

1.04

[1.00, 1.08]

1.01

[.96, 1.06]

Percent aged 15–24

.78

[.56, 1.07]

.78

[.53, 1.15]

Linear time trend

.90

[.77, 1.05]

.88

[.73, 1.05]

1.00

[1.00, 1.00]

1.00

[1.00, 1.01]

Quadratic time trend
a

.79*

Fatalities in
Non–Domestic-Linked Mass
Shootings (n = 2,057
fatalities)
IRR
95% CI
(IRR)
(95% CI)

Parsimonious model results.
b Handgun purchaser licensing with in-person application and/or fingerprinting of applicant.
* p = .05.
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T A B L E A5

Estimates for incident rate ratios for all fatal mass shootings (>3 victim fatalities), using year fixed

effects
All Fatal Mass
Shooting Incidents
(n = 604 shootings)
IRR
95% CI

Variable
Concealed carry permit—may issue reference
No issue

.88

[.52, 1.48]

1.31

[.74, 2.32]

Shall issue w/ discretion

.83

[.47, 1.47]

.98

[.49, 1.95]

Strict shall issue

1.31

[.72, 2.39]

1.38

[.67, 2.84]

Permitless

1.21

[.49, 3.01]

.86

[.27, 2.73]

[.26, .70]

.44*

Purchaser

licensinga

Comprehensive background checks—point of sale
DVRO prohibition—final orders, dating partner excluded

.43*
1.00

[.69, 1.44]

[.26, .75]

1.16

[.63, 2.12]

.94

[.46, 1.91]

.80

[.34, 1.85]

1.28

[.86, 1.90]

1.38

[.84, 2.25]

DVRO includes dating partners

.91

[.54, 1.51]

.92

[.48, 1.76]

DVRO surrender required

.69

[.45, 1.04]

.65

[.38, 1.10]

Violent misdemeanor prohibition

1.54

[.81, 2.95]

1.33

[.68, 2.59]

Federal assault weapons/LCM ban (gradual)

1.00

[1.00, 1.00]

1.00

[1.00, 1.00]

State assault weapons ban (gradual)

.60

[.27, 1.35]

.84

[.23, 3.08]

Large-capacity magazine ban (gradual)

.56

[.27, 1.16]

.37

[.11, 1.31]

DVRO prohibition ex parte included

Gun ownership

.97

[.93, 1.01]

.96

[.92, 1.01]

Unemployment

1.08

[.96, 1.22]

1.06

[.91, 1.25]

Percent in poverty

1.01

[.94, 1.07]

.99

[.92, 1.07]

Percent male

.75

[.38, 1.48]

.63

[.28, 1.43]

Percent Black

1.04

[.88, 1.24]

1.11

[.91, 1.35]

Percent married

1.10

[.98, 1.23]

1.02

[.88, 1.19]

Percent divorced

1.18

[.89, 1.56]

1.07

Percent veteran

a

Fatalities in All Fatal
Mass Shootings
(n = 2, 976 fatalities)
IRR
95% CI

.69*

[.76, 1.51]

[.55, .87]

.64*

[.48, .84]
[.97, 1.02]

Percent living in MSA

1.00

[.98, 1.03]

.99

Ethanol consumption per capita

1.05

[.39, 2.87]

.86

[.26, 2.81]

Religious adherence

1.01

[.97, 1.05]

.99

[.94, 1.04]

Percent completed high school

1.11

[.98, 1.25]

1.17*

[1.02, 1.34]

Drug overdose rate

1.00

[.97, 1.03]

.98

[.94, 1.02]

Percent aged 15–24

.92

[.73, 1.15]

.88

[.70, 1.10]

Handgun purchaser licensing with in-person application and/or fingerprinting of applicant.
= .05.

∗p
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Estimates for incident rate ratios for domestic-linked mass shooting (>3 victims), using year fixed

effects
Domestic-Linked
Fatal Mass Shooting
Incidents (n = 182
shootings)
IRR
95% CI

Variable
Concealed carry permit—may issue reference
No issue

.64

[.26, 1.59]

.62

[.24, 1.65]

Shall issue w/ discretion

.90

[.35, 2.31]

.76

[.27, 2.09]

.85

[.31, 2.38]

.70

[.23, 2.11]

1.92

[.30, 12.36]

1.06

[.12, 9.36]

Strict shall issue
Permitless
Purchaser

licensinga

Comprehensive background checks—point of sale
DVRO prohibition—final orders, dating partner excluded

.84

[.33, 2.16]

1.46

[.57, 3.71]

1.89

[.86, 4.14]

2.25*

[1.02, 4.96]

.94

[.34, 2.57]

.83

[.28, 2.49]

1.65

[.87, 3.16]

1.70

[.81, 3.57]

DVRO includes dating partners

.88

[.54, 1.45]

.83

[.50, 1.39]

DVRO surrender required

.84

[.41, 1.75]

.75

[.33, 1.70]

Violent misdemeanor prohibition

1.90

[.47, 7.77]

1.92

[.52, 7.06]

Federal assault weapons/LCM ban (gradual)

1.00

[1.00, 1.00]

1.00

[1.00, 1.00]
[.09, 1.02]

DVRO prohibition ex parte included

State assault weapons ban (gradual)

.39

[.11, 1.34]

.30

Large-capacity magazine ban (gradual)

.39*

[.20, .76]

.26*

[.11, .60]

Gun ownership

.96

[.89, 1.03]

.95

[.88, 1.02]

Unemployment

1.04

[.82, 1.31]

1.08

[.82, 1.41]

Percent in poverty

1.03

[.91, 1.18]

1.03

[.89, 1.18]

Percent male

1.04

[.29, 3.78]

1.05

[.22, 4.98]

Percent Black

1.00

[.78, 1.29]

1.03

[.78, 1.36]

Percent married

1.02

[.79, 1.30]

1.07

[.82, 1.40]

Percent divorced

1.10

[.65, 1.84]

1.18

[.69, 2.03]

.97

[.63, 1.49]

1.04

[.64, 1.71]

1.00

[.95, 1.06]

.98

[.93, 1.04]

Percent veteran
Percent living in MSA
Ethanol consumption per capita

.64

[.10, 4.05]

.59

[.08, 4.35]

1.00

[.92, 1.07]

.98

[.90, 1.06]

Percent completed high school

.99

[.81, 1.22]

.94

[.75, 1.16]

Drug overdose rate

.97

[.92, 1.04]

.97

[.91, 1.03]

Percent aged 15–24

1.13

[.81, 1.56]

1.16

[.82, 1.63]

Religious adherence

a

Fatalities in
Domestic-Linked
Mass Shootings
(n = 842 fatalities)
IRR
95% CI

Handgun purchaser licensing with in-person application and/or fingerprinting of applicant.
= .05.

*p
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T A B L E A7

Estimates for incident rate ratios for non–domestic-linked mass shooting (>3 victims), using year

fixed effects
Non–DomesticLinked Fatal Mass
Shooting incidents
(n = 182 shootings)
IRR
95% CI

Variable

Fatalities in Non–
Domestic-Linked
Mass Shootings
(n = 2,057 fatalities)
IRR
95% CI

Concealed carry permit—may issue reference
No issue

.92

[.46, 1.84]

1.40

[.70, 2.78]

Shall issue w/ discretion

.75

[.32, 1.74]

.98

[.38, 2.52]

1.58

[.86, 2.91]

1.68

[.82, 3.45]

.66

[.27, 1.62]

.85

[.23, 3.13]

.37*

[.21, .67]

.35*

[.19, .65]

.75

[.43, 1.31]

.83

[.38, 1.83]

Strict shall issue
Permitless
Purchaser

licensinga

Comprehensive background checks—point of sale
DVRO prohibition—final orders, dating partner excluded

.92

[.34, 2.49]

.80

[.25, 2.52]

1.19

[.64, 2.22]

1.43

[.72, 2.84]

DVRO includes dating partners

.89

[.43, 1.84]

.91

[.37, 2.27]

DVRO surrender required

.66

[.34, 1.30]

.64

[.29, 1.44]

Violent misdemeanor prohibition

1.30

[.62, 2.72]

.93

[.44, 1.97]

Federal assault weapons/LCM ban (gradual)

1.00

[1.00, 1.00]

1.00

[1.00, 1.00]
[.21, 3.13]

DVRO prohibition ex parte included

State assault weapons ban (gradual)

.62

[.24, 1.61]

.81

Large-capacity magazine ban (gradual)

.74

[.28, 1.97]

.58

[.15, 2.32]

Gun ownership

.98

[.94, 1.03]

.97

[.92, 1.03]

Unemployment

1.12

[.99, 1.27]

1.11

[.96, 1.28]

Percent in poverty

.99

[.91, 1.08]

.96

[.88, 1.06]

Percent male

.66

[.31, 1.41]

.40*

Percent Black

1.04

[.84, 1.29]

1.15

[.88, 1.50]

Percent married

1.22*

[1.00, 1.48]

1.08

[.86, 1.36]

Percent divorced

1.26

[.86, 1.87]

1.01

[.64, 1.58]

Percent veteran
Percent living in MSA

*

*

[.17, .95]

.58

[.43, .79]

.52

[.35, .76]

1.01

[.98, 1.05]

1.01

[.97, 1.05]

Ethanol consumption per capita

1.09

[.26, 4.47]

.98

[.19, 5.03]

Religious adherence

1.02

[.96, 1.08]

1.00

[.92, 1.08]

Percent completed high school

1.16

[.98, 1.36]

1.27*

[1.05, 1.53]

Drug overdose rate

1.02

[.98, 1.06]

1.00

[.96, 1.05]

Percent aged 15–24

.88

[.59, 1.33]

.76

[.48, 1.21]

a

Handgun purchaser licensing with in-person application and/or fingerprinting of applicant.
= .05.
Estimates Using Poisson Fixed-Effects Regression.
*p
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T A B L E A8

Estimates for incident rate ratios for all fatal mass shootings (>3 victims), using fixed-effects poisson

regression
All Fatal Mass
Shooting Incidents
(n = 604 shootings)
IRR
95% CI

Variable
Concealed carry permit—may issue reference
No issue

.79

[.49, 1.28]

1.07

[.61, 1.85]

Shall issue w/ discretion

.81

[.46, 1.40]

.90

[.47, 1.75]

Strict shall issue

1.11

[.67, 1.83]

1.06

[.61, 1.83]

Permitless

1.22

[.53, 2.76]

.97

[.39, 2.39]

Purchaser

licensinga

Comprehensive background checks—point of sale
DVRO prohibition—final orders, dating partner excluded

.49*

[.30, .82]

.61

[.37, 1.01]

1.11

[.79, 1.55]

1.83

[.68, 4.87]

.93

[.44, 1.97]

.79

[.33, 1.88]

1.00

[.72, 1.38]

.84

[.57, 1.24]

DVRO includes dating partners

.86

[.58, 1.28]

.85

[.55, 1.32]

DVRO surrender required

.76

[.52, 1.11]

.88

[.53, 1.46]

DVRO prohibition ex parte included

Violent misdemeanor prohibition

1.42

[.78, 2.59]

.97

[.45, 2.07]

Federal assault weapons/LCM ban (gradual)

.92

[.70, 1.20]

.91

[.67, 1.24]

State assault weapons ban (gradual)

.74

[.45, 1.24]

.93

[.57, 1.52]

Large-capacity magazine ban (gradual)

.48*

[.28, .82]

.32*

[.17, .58]

Gun ownership

.99

[.96, 1.02]

.98

[.95, 1.01]

Unemployment

1.04

[.98, 1.10]

1.03

[.95, 1.11]

Percent in poverty

1.00

[.94, 1.05]

.98

[.93, 1.04]

Percent male

.62

[.29, 1.31]

.43*

[.19, .94]

Percent Black

1.03

[.88, 1.21]

1.12

[.88, 1.43]

Percent married

1.04

[.95, 1.14]

1.01

[.93, 1.10]

Percent divorced

1.01

[.80, 1.28]

1.01

[.76, 1.33]

[.74, .96]

.95

[.80, 1.13]
[.97, 1.02]

Percent veteran

.84*

Percent living in MSA

1.00

[.98, 1.03]

.99

Ethanol consumption per capita

1.37

[.49, 3.81]

1.06

[.33, 3.37]

Religious adherence

1.02

[.98, 1.07]

1.00

[.94, 1.06]

Percent completed high school

1.06

[.98, 1.13]

1.07

[.99, 1.16]

Drug overdose rate

1.02

[.99, 1.05]

1.01

[.98, 1.04]

Percent aged 15–24

.86

[.70, 1.05]

.95

[.76, 1.18]

Linear time trend

.96

[.84, 1.09]

.96

[.84, 1.10]

1.00

[1.00, 1.00]

1.00

[1.00, 1.00]

Quadratic time trend
a Handgun
*

Fatalities in All Fatal
Mass Shootings
(n = 2, 976 fatalities)
IRR
95% CI

p = .05.

purchaser licensing with in-person application and/or fingerprinting of applicant.
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T A B L E A9

Estimates for incident rate ratios for domestic-linked mass shooting (>3 victims), using fixed-effects
poisson regression
Domestic-Linked
Fatal Mass Shooting
incidents (n = 182
shootings)
IRR
95% CI

Variable
Concealed carry permit—may issue reference
No issue
Shall issue w/ discretion
Strict shall issue
Permitless
Purchaser

licensinga

.64

[.26, 1.58]

.73

[.29, 1.83]

1.00

[.43, 2.32]

.85

[.37, 1.95]

.98

[.38, 2.49]

.93

[.34, 2.52]

2.94

[.51, 16.83]

2.56

[.42, 15.60]

.95

[.40, 2.22]

1.90

[.72, 4.98]

Comprehensive background checks—point of sale

1.79

[.90, 3.58]

1.92*

[1.05, 3.53]

DVRO prohibition—final orders, dating partner excluded

1.01

[.35, 2.89]

.87

[.29, 2.64]

DVRO prohibition ex parte included

1.59

[.88, 2.85]

1.51

[.81, 2.81]

DVRO includes dating partners

.90

[.57, 1.43]

.80

[.50, 1.28]

DVRO surrender required

.86

[.46, 1.61]

.84

[.45, 1.56]

Violent misdemeanor prohibition

1.60

[.44, 5.79]

1.66

[.55, 5.05]

Federal assault weapons/LCM ban (gradual)

.87

[.50, 1.50]

.89

[.51, 1.53]
[.32, 1.43]

State assault weapons ban (gradual)

.53

[.23, 1.20]

.68

Large-capacity magazine ban (gradual)

.38*

[.21, .70]

.27*

[.12, .59]

Gun ownership

.98

[.91, 1.05]

.97

[.91, 1.04]

Unemployment

1.04

[.91, 1.19]

1.09

[.94, 1.25]

Percent in poverty

1.00

[.88, 1.14]

.99

[.88, 1.12]

Percent male

.87

[.26, 2.89]

.75

[.21, 2.66]

Percent Black

1.02

[.82, 1.27]

1.06

[.85, 1.33]

Percent married

.96

[.83, 1.12]

.96

[.83, 1.11]

Percent divorced

.90

[.64, 1.27]

.95

[.68, 1.34]

.99

[.82, 1.20]

1.03

[.85, 1.27]

1.00

[.95, 1.06]

.99

[.94, 1.04]

Percent veteran
Percent living in MSA
Ethanol consumption per capita

1.10

[.16, 7.46]

1.07

[.13, 8.41]

Religious adherence

1.03

[.94, 1.12]

1.01

[.92, 1.11]

Percent completed high school

1.02

[.92, 1.14]

1.01

[.91, 1.13]

.99

[.93, 1.05]

.98

[.92, 1.04]

Drug overdose rate
Percent aged 15–24

1.07

[.79, 1.47]

1.17

[.83, 1.64]

Linear time trend

1.01

[.80, 1.27]

1.04

[.83, 1.30]

Quadratic time trend

1.00

[.99, 1.01]

1.00

[.99, 1.01]

a Handgun
*

Fatalities in
Domestic-Linked
Mass Shootings
(n = 842 fatalities)
IRR
95% CI

p = .05.

purchaser licensing with in-person application and/or fingerprinting of applicant.
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T A B L E A10

Estimates for incident rate ratios for non–domestic-linked mass shooting (>3 victims), using
fixed-effects poisson regression
Non–DomesticLinked Fatal Mass
Shooting incidents
(n = 182 shootings)
IRR
95% CI

Variable

Fatalities in Non–
Domestic-Linked
Mass Shootings
(n = 2,057 fatalities)
IRR
95% CI

Concealed carry permit—may issue reference
No issue

.88

[.46, 1.70]

1.21

[.62, 2.36]

Shall issue w/ discretion

.76

[.34, 1.71]

.92

[.38, 2.22]

1.28

[.76, 2.18]

1.20

[.66, 2.15]

.58

[.24, 1.42]

.75

[.19, 2.92]

.42*

[.22, .80]

.45*

Comprehensive background checks—point of sale

.87

[.50, 1.51]

1.84

[.49, 6.87]

Strict shall issue
Permitless
Purchaser

licensinga

DVRO prohibition—final orders, dating partner excluded

.91

[.35, 2.38]

.75

[.25, 2.27]

DVRO prohibition ex parte included

.83

[.46, 1.50]

.68

[.38, 1.22]

DVRO includes dating partners

.84

[.46, 1.53]

.85

[.45, 1.62]

DVRO surrender required

.76

[.39, 1.49]

.99

[.45, 2.20]

Violent misdemeanor prohibition

1.22

[.60, 2.50]

.69

[.28, 1.72]

Federal assault weapons/LCM ban (gradual)

.96

[.65, 1.41]

.95

[.62, 1.45]

State assault weapons ban (gradual)

.79

[.42, 1.48]

.94

[.50, 1.76]

Large-capacity magazine ban (gradual)

.56

[.26, 1.19]

.35*

[.16, .76]

1.01

[.97, 1.04]

.99

[.96, 1.03]

Gun ownership
Unemployment

1.04

[.97, 1.11]

1.01

[.92, 1.11]

Percent in poverty

1.00

[.93, 1.07]

.98

[.92, 1.05]

Percent male

.52

[.19, 1.38]

.40*

Percent Black

1.02

[.83, 1.25]

1.13

[.81, 1.58]

Percent married

1.08

[.95, 1.23]

1.03

[.90, 1.18]

Percent divorced

1.10

[.79, 1.53]

.99

[.67, 1.46]

Percent veteran
Percent living in MSA

*

[.16, 1.00]

.77

[.64, .94]

.95

[.75, 1.18]

1.01

[.98, 1.05]

1.01

[.97, 1.05]

Ethanol consumption per capita

1.32

[.30, 5.94]

1.00

[.21, 4.87]

Religious adherence

1.01

[.96, 1.08]

.99

[.92, 1.07]

Percent completed high school

1.05

[.94, 1.18]

1.09

[.97, 1.22]

Drug overdose rate

1.04*

[1.01, 1.08]

1.01

[.98, 1.05]

Percent aged 15–24

.78

[.58, 1.04]

.85

[.61, 1.17]

Linear time trend

.94

[.81, 1.09]

.94

[.80, 1.10]

1.00

[1.00, 1.00]

1.00

[1.00, 1.01]

Quadratic time trend
a Handgun

purchaser licensing with in-person application and/or fingerprinting of applicant.

p = .05.
Estimates Omitting Major Mass Shooting Incidents From 2012 in Colorado (Aurora) and Connecticut (Newtown).
*

[.25, .83]
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T A B L E A11

Estimates for incident rate ratios for all fatal mass shootings (>3 victims), Omitting Newtown and

Aurora shootings
All Fatal Mass
Shooting Incidents
(n = 602 shootings)
IRR
95% CI

Variable
Concealed carry permit—may issue reference
No issue

.93

[.55, 1.57]

1.50

[.81, 2.75]

Shall issue w/ discretion

.89

[.50, 1.60]

1.10

[.54, 2.24]

Strict shall issue

1.30

[.73, 2.30]

1.52

[.76, 3.06]

Permitless

1.31

[.51, 3.34]

1.09

[.34, 3.50]

Purchaser

licensinga

Comprehensive background checks—point of sale
DVRO prohibition—final orders, dating partner excluded

.40*

[.23, .69]

1.11

[.78, 1.59]

.33*

[.19, .59]

1.41

[.73, 2.74]

.89

[.43, 1.85]

.77

[.34, 1.77]

1.13

[.77, 1.64]

1.21

[.75, 1.94]

DVRO includes dating partners

.90

[.57, 1.45]

.93

[.51, 1.70]

DVRO surrender required

.76

[.49, 1.17]

.76

[.45, 1.30]

DVRO prohibition ex parte included

Violent misdemeanor prohibition

1.51

[.78, 2.91]

1.27

[.63, 2.59]

Federal assault weapons/LCM ban (gradual)

.92

[.68, 1.26]

.96

[.63, 1.44]

State assault weapons ban (gradual)

.67

[.33, 1.38]

.90

[.30, 2.74]

Large-capacity magazine ban (gradual)

.56

[.30, 1.03]

.40

[.14, 1.14]

Gun ownership

.98

[.95, 1.02]

.96

[.93, 1.00]

Unemployment

1.02

[.95, 1.10]

1.01

[.91, 1.11]

Percent in poverty

1.01

[.95, 1.07]

1.00

[.93, 1.07]

Percent male

.82

[.39, 1.75]

.90

[.39, 2.08]

Percent Black

1.07

[.91, 1.25]

1.17

[.96, 1.43]

Percent married

1.03

[.94, 1.13]

.99

[.89, 1.11]

Percent divorced

1.02

Percent veteran

.86*

[.79, 1.31]

.96

[.72, 1.28]

[.75, .98]

.91

[.78, 1.07]
[.98, 1.03]

Percent living in MSA

1.01

[.98, 1.03]

1.01

Ethanol consumption per capita

1.08

[.39, 2.97]

.79

[.23, 2.66]

Religious adherence

1.01

[.97, 1.06]

.99

[.94, 1.05]

Percent completed high school

1.06

[.98, 1.14]

1.07

[.99, 1.17]

Drug overdose rate

1.01

[.97, 1.05]

.99

[.95, 1.03]

Percent aged 15–24

.83

[.68, 1.02]

.86

[.69, 1.08]

Linear time trend

.92

[.81, 1.05]

.89

[.77, 1.03]

1.00

[1.00, 1.00]

1.00

[1.00, 1.00]

Quadratic time trend
a Handgun
*

Fatalities in All Fatal
Mass Shootings
(n = 2, 937 fatalities)
IRR
95% CI

p = .05.

purchaser licensing with in-person application and/or fingerprinting of applicant.
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T A B L E A12

Estimates for incident rate ratios for domestic-linked mass shooting (>3 victims), Omitting
Newtown and Aurora shootings

Variable
Concealed carry permit—may issue reference
No issue

[.26, 1.70]

.75

[.28, 2.02]

.99

[.42, 2.35]

.84

[.34, 2.04]

Strict shall issue

.97

[.36, 2.66]

.93

[.30, 2.86]

2.49

[.37, 16.69]

1.72

[.19, 15.52]

.60

[.16, 2 .20]

.60

[.14, 2.53]

1.90

[.91, 4.00]

2.17*

[1.05, 4.48]

.91

[.32, 2.60]

.71

[.23, 2.20]

1.60

[.89, 2.87]

1.66

[.87, 3.17]

.92

[.58, 1.47]

.83

[.51, 1.36]

Purchaser licensinga
Comprehensive background checks—point of sale
DVRO prohibition—final orders, dating partner excluded
DVRO prohibition ex parte included
DVRO includes dating partners
DVRO surrender required
Violent misdemeanor prohibition

.84

[.44, 1.62]

.78

[.38, 1.62]

1.76

[.42, 7.41]

1.81

[.51, 6.47]

Federal assault weapons/LCM ban (gradual)

.87

[.50, 1.52]

.85

[.46, 1.57]

State assault weapons ban (gradual)

.34

[.10, 1.14]

.24*

[.06, .90]

*

*

Large-capacity magazine ban (gradual)

.46

[.23, .89]

.45

[.22, .91]

Gun ownership

.97

[.90, 1.05]

.97

[.90, 1.05]

Unemployment

1.05

[.90, 1.21]

1.08

[.91, 1.28]

Percent in poverty

1.01

[.88, 1.15]

1.00

[.87, 1.14]

Percent male

1.09

[.31, 3.90]

1.27

[.29, 5.52]

Percent Black

1.00

[.80, 1.25]

1.01

[.80, 1.27]

Percent married

.96

[.82, 1.13]

.97

[.81, 1.16]

Percent divorced

.86

[.59, 1.27]

.82

[.52, 1.27]

Percent veteran

1.00

[.83, 1.21]

1.06

[.87, 1.30]

Percent living in MSA

1.00

[.95, 1.06]

.99

[.94, 1.05]

Ethanol consumption per capita

.93

[.14, 6.29]

.83

[.11, 6.07]

Religious adherence

1.02

[.94, 1.11]

1.01

[.94, 1.10]

Percent completed high school

1.02

[.91, 1.15]

1.01

[.89, 1.13]

Drug overdose rate

.98

[.92, 1.04]

.98

[.91, 1.05]

Percent aged 15–24

1.00

[.75, 1.33]

.99

[.75, 1.30]

.98

[.79, 1.23]

1.02

[.81, 1.28]

1.00

[.99, 1.01]

1.00

[1.00, 1.01]

Linear time trend
Quadratic time trend
*

.67

Fatalities in
Domestic-Linked
Mass Shootings
(n = 815 fatalities)
Law Variables +
Covariates
IRR
95% CI

Shall issue w/ discretion
Permitless

a

Domestic-Linked
Fatal Mass Shooting
Incidents (n = 181
shootings)
Law Variables +
Covariates
IRR
95% CI

Handgun purchaser licensing with in-person application and/or fingerprinting of applicant.
p = .05.
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T A B L E A13

Estimates for incident rate ratios for non–domestic-linked mass shooting (>3 victims), Omitting
Newtown and Aurora shootings

Variable
Concealed carry permit—may issue reference
No issue
Shall issue w/ discretion
Strict shall issue
Permitless
Purchaser

licensinga

Comprehensive background checks—point of sale
DVRO prohibition—final orders, dating partner excluded

Non–DomesticLinked Fatal Mass
Shooting incidents
(n = 181 shootings)
IRR
95% CI

Fatalities in Non–
Domestic-Linked
Mass Shootings
(n = 2,045 fatalities)
IRR
95% CI

1.00

[.49, 2.03]

1.72

[.79, 3.75]

.81

[.36, 1.82]

1.06

[.42, 2.68]

1.51

[.85, 2.69]

1.79

[.86, 3.72]

.67

[.25, 1.78]

1.08

[.24, 4.76]

.38*

[.20, .70]

.85

[.48, 1.51]

.34*

[.18, .62]

1.11

[.45, 2.74]

.90

[.33, 2.52]

.75

[.25, 2.22]

1.04

[.54, 2.01]

1.20

[.60, 2.39]

DVRO includes dating partners

.90

[.45, 1.81]

.98

[.43, 2.26]

DVRO surrender required

.75

[.35, 1.61]

.84

[.35, 2.00]

DVRO prohibition ex parte included

1.33

[.65, 2.74]

.99

[.48, 2.06]

Federal assault weapons/LCM ban (gradual)

Violent misdemeanor prohibition

.98

[.65, 1.47]

1.09

[.66, 1.80]

State assault weapons ban (gradual)

.72

[.31, 1.69]

.94

[.24, 3.75]

Large-capacity magazine ban (gradual)

.67

[.27, 1.69]

.47

[.12, 1.94]

1.00

[.96, 1.04]

.97

[.92, 1.02]

Gun ownership
Unemployment

1.03

[.96, 1.11]

1.01

[.92, 1.11]

Percent in poverty

1.00

[.94, 1.07]

.98

[.91, 1.07]

Percent male

.68

[.27, 1.73]

.69

[.25, 1.93]

Percent Black

1.08

[.87, 1.33]

1.27

[.94, 1.72]

Percent married

1.06

[.92, 1.21]

.98

[.84, 1.14]

Percent divorced

1.10

[.77, 1.57]

.94

[.64, 1.37]

Percent veteran
Percent living in MSA

*

.79

[.65, .96]

.88

[.69, 1.11]

1.01

[.98, 1.05]

1.02

[.97, 1.06]

Ethanol consumption per capita

1.13

[.24, 5.21]

.86

[.13, 5.51]

Religious adherence

1.01

[.95, 1.08]

.99

[.91, 1.07]

Percent completed high school

1.06

[.95, 1.19]

1.11

[.97, 1.26]

Drug overdose rate

1.04

[1.00, 1.08]

1.01

[.96, 1.06]

Percent aged 15–24

.78

[.57, 1.07]

.80

[.54, 1.18]

Linear time trend

.91

[.77, 1.07]

.86

[.72, 1.04]

1.00

[1.00, 1.00]

1.00

[1.00, 1.01]

Quadratic time trend
a Handgun

purchaser licensing with in-person application and/or fingerprinting of applicant.

p = .05.
Estimates Using Different Definitions of “Mass Shooting”—Shootings With Fatalities > 4 and Shootings With Fatalities > 5.
*
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Estimates for incident rate ratios for all mass shooting (>4 victims)

Variable
Concealed carry permit—may issue reference
No issue
Shall issue w/ discretion
Strict shall issue
Permitless
Purchaser licensing

a

Comprehensive background checks—point of sale

Fatalities in All Fatal
Mass Shootings
(n = 1, 352 fatalities)
IRR
95% CI

4.14*

[1.57, 1.87]

8.41*

[3.00, 23.57]

.96

[.31, 2.94]

1.23

[.35, 4.30]

2.24

[.91, 5.49]

2.60

[.99, 6.78]

.91

[.14, 5.78]

1.53

[.19, 12.43]

.52

[.15, 1.83]

.44

[.09, 2.18]

1.94

[.85, 4.41]

3.65

[.74, 18.05]

DVRO prohibition—final orders, dating partner excluded

.70

[.22, 2.21]

.63

[.15, 2.61]

DVRO prohibition ex parte included

.97

[.54, 1.73]

1.11

[.55, 2.26]

DVRO includes dating partners

.58

[.30, 1.13]

.61

[.24, 1.52]

DVRO surrender required

.75

[.40, 1.42]

.79

[.32, 1.95]

Violent misdemeanor prohibition

2.10

[.55, 8.02]

1.34

[.35, 5.05]

Federal assault weapons/LCM ban (gradual)

1.00

[.50, 2.02]

.92

[.42, 2.01]

State assault weapons ban (gradual)

.58

[.13, 2.62]

1.41

[.09, 2.94]

Large-capacity magazine ban (gradual)

.20*

[.06, .65]

Gun ownership

.97

Unemployment

1.08

.08*

[.01, .92]

[.91, 1.02]

.94

[.88, 1.00]

[.97, 1.21]

1.08

[.95, 1.24]

Percent in poverty

.95

[.85, 1.06]

.93

[.81, 1.06]

Percent male

.43

[.12, 1.59]

.39

[.08, 1.94]

Percent Black

.92

[.66, 1.28]

1.05

[.68, 1.61]

Percent married

.90

[.80, 1.01]

.88

[.75, 1.04]

Percent divorced

.81

[.55, 1.19]

.83

[.53, 1.29]

Percent veteran

.88

[.69, 1.12]

.94

[.70, 1.26]

Percent living in MSA

.98

[.94, 1.02]

.97

[.92, 1.02]

Ethanol consumption per capita

.86

[.13, 5.73]

.90

[.09, 9.22]

Religious adherence

.93

[.86, 1.00]

.90*

[.82, 1.00]

Percent completed high school

1.17*

[1.05, 1.30]

1.19*

[1.05, 1.34]

Drug overdose rate

1.02

[.96, 1.07]

.99

[.94, 1.04]

Percent aged 15–24

1.14

[.84, 1.55]

1.13

[.77, 1.65]

.96

[.77, 1.20]

.93

[.73, 1.19]

1.00

[.99, 1.00]

1.00

[1.00, 1.01]

Linear time trend
Quadratic time trend
a

All Fatal Mass
Shooting Incidents
(n = 198 shootings)
IRR
95% CI

Handgun purchaser licensing with in-person application and/or fingerprinting of applicant.
= .05.

*p
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T A B L E A15

Estimates for incident rate ratios for all mass shooting (>5 victims)
All Fatal Mass
Shooting Incidents
(>5 victims) (n = 92
shootings)
IRR
95% CI

Fatalities in All Fatal
Mass Shootings
(n = 822 fatalities)
IRR
95% CI

Concealed carry permit—may issue reference
No issue

1.77*

[1.99, 58.31]

25.74*

[4.03, 164.2]

Shall issue w/ discretion

2.13

[.27, 16.58]

1.95

[.17, 21.93]

Strict shall issue

1.93

[.30, 12.41]

1.79

[.22, 14.29]

Permitless

3.81

[.34, 42.94]

2.99

[.22, 41.29]

Variable

Purchaser licensing

a

Comprehensive background checks—point of sale
DVRO prohibition—final orders, dating partner excluded
DVRO prohibition ex parte included

[.32, 2.33]

.69

[.24, 2.05]

[.52, 9.84]

6.98

[.82, 59.36]

.61

[.11, 3.35]

.36

[.05, 2.62]

1.16

[.48, 2.79]

1.07

[.41, 2.83]

DVRO includes dating partners

.98

[.27, 3.58]

.94

[.21, 4.24]

DVRO surrender required

.51

[.15, 1.76]

.88

[.19, 4.02]

Violent misdemeanor prohibition

.72

[.16, 3.26]

.27

[.04, 1.65]

Federal assault weapons/LCM ban (gradual)

.77

[.31, 1.96]

.69

[.21, 2.22]

1.04

[.17, 6.36]

1.38

[.12, 15.48]

State assault weapons ban (gradual)
Large-capacity magazine ban (gradual)

.14*

[.03, .70]

.05*

[.00, .51]

Gun ownership

.96

[.89, 1.04]

.92

[.84, 1.01]

Unemployment

1.16

[.98, 1.37]

1.17

[.95, 1.45]

.93

[.80, 1.10]

.88

[.72, 1.07]

Percent in poverty
Percent male

.26

[.03, 2.14]

.42

[.04, 4.62]

Percent Black

.82

[.52, 1.30]

.91

[.53, 1.57]

Percent married

1.05

[.86, 1.28]

1.03

[.79, 1.33]

Percent divorced

1.03

[.56, 1.91]

1.06

[.54, 2.08]

Percent veteran

.86

[.64, 1.18]

.92

[.63, 1.34]

Percent living in MSA

.96

[.88, 1.05]

.94

[.84, 1.04]

Ethanol consumption per capita
Religious adherence
Percent completed high school
Drug overdose rate

a

.87
2.27

5.43

1.79

[.04, 77.79]

.91

[.80, 1.03]

[.23, 126.96]

.88

[.75, 1.03]

1.16

[.97, 1.39]

1.19

[.97, 1.47]

.98

[.89, 1.08]

.95

[.86, 1.05]

Percent aged 15–24

1.16

[.66, 2.04]

1.20

[.59, 2.45]

Linear time trend

1.10

[.83, 1.44]

.99

[.74, 1.33]

Quadratic time trend

1.00

[.99, 1.01]

1.00

[.99, 1.01]

Handgun purchaser licensing with in-person application and/or fingerprinting of applicant.
= .05.

*p

