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Abstract

Background: Assault weapon and large capacity magazine bans are potential tools for policymakers to prevent public mass
shootings. However, the efficacy of these bansis a continual source of debate. In an earlier study, we estimated the impact of the
Federal Assault Weapons Ban (FAWB) on the number of public mass shooting events. This study provides an updated
assessment with three additional years of firearm surveillance data to characterize the longer-term effects.

Objective: To estimate the impact of the FAWB on trends in public mass shootings from 1966 to 2022.

M ethods: We use linear regression to estimate the impact of the FAWB on the five-year ssimple moving average of annual,
public mass shootings, defined by events with four or more deaths in a 24-hour period, not including the perpetrator. The study
period spans 1966 to 2022. The model includes indicator variables for both the period of the FAWB (1995-2004) and the period
after its removal (2005-2022). These indicators were interacted with a linear time trend. Estimates controlled for the national
homicide rate. After estimation, the model provided counterfactual estimates of public mass shootings if (1) the FAWB were
never imposed and (2) if the FAWB remained in place.

Results: The overall upward trgjectory in the number of public mass shootings substantially fell while the FAWB was in place.
These trends are specific to eventsin which the perpetrator used an assault weapon or large capacity magazine. Estimates suggest
the FAWB prevented five public mass shootings while the ban was active. A continuation of the FAWB/LCMB would have
prevented up to thirty-eight public mass shootings.

Conclusions: The FAWB, which included a ban on large capacity magazines, was associated with fewer public mass shooting
events, fatalities, and nonfatal gun injuries. Gun control legislation is an important public health tool in the prevention of public
mass shootings. Clinical Trial: n/a
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ABSTRACT
Keywords
Assault weapons, FAWB, Federal Assault Weapons Ban, firearms, guns, large capacity magazine,

LCM, gun policy, public mass shootings

Background

Assault weapon and large capacity magazine bans are potential tools for policymakers to prevent
public mass shootings. However, the efficacy of these bans is a continual source of debate. In an
earlier study, we estimated the impact of the Federal Assault Weapons Ban (FAWB) on the number of
public mass shooting events. This study provides an updated assessment with three additional years
of firearm surveillance data to characterize the longer-term effects.

Objective

To estimate the impact of the FAWB on trends in public mass shootings from 1966 to 2022.

Methods

We use linear regression to estimate the impact of the FAWB on the five-year simple moving average
of annual, public mass shootings, defined by events with four or more deaths in a 24-hour period, not
including the perpetrator. The study period spans 1966 to 2022. The model includes indicator
variables for both the period of the FAWB (1995-2004) and the period after its removal (2005-2022).
These indicators were interacted with a linear time trend. Estimates controlled for the national
homicide rate. After estimation, the model provided counterfactual estimates of public mass

shootings if (1) the FAWB were never imposed and (2) if the FAWB remained in place.

Results
The overall upward trajectory in the number of public mass shootings substantially fell while the

FAWB was in place. These trends are specific to events in which the perpetrator used an assault

https://preprints.jmir.org/preprint/62952 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Lundberg et a
weapon or large capacity magazine. Estimates suggest the FAWB prevented five public mass
shootings while the ban was active. A continuation of the FAWB/LCMB would have prevented up to
thirty-eight public mass shootings.

Conclusions
The FAWB, which included a ban on large capacity magazines, was associated with fewer public
mass shooting events, fatalities, and nonfatal gun injuries. Gun control legislation is an important

public health tool in the prevention of public mass shootings.
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Introduction

Public mass shootings constitute a fraction, less than 1%, of the approximately 20,000 annual
firearm homicides [1-5]. However, their notoriety commands national attention, propelling debates
on gun policy and fueling the ongoing quest among policymakers to stop these events [6-38]. The
Federal Assault Weapons Ban (FAWB), enacted by Congress in August 1994 with a provision for
sunset in September 2004 [39], prohibited the manufacture or sale of specific semiautomatic firearms
categorized as "assault weapons" [40].

The definition of an assault weapon can be a source of confusion. Semiautomatic weapons
(rapid fire) and assault weapons (AW) (second grip plus other features) are often mistakenly
conflated [41-44]. Semiautomatic weapons will automatically load another cartridge into a chamber
but require a handler to manually release and press the trigger to fire each round. Automatic weapons
further allow a handler to hold the trigger for continuous fire [45]. The FAWB explicitly noted some
of the most commonly purchased assault weapons [40]. The ban covered firearms having a
detachable magazine and at least two of the following: a telescoping stock, a pistol grip that
protrudes conspicuously, a bayonet mount, a flash suppressor, or a grenade launcher. Semiautomatic
pistols and shotguns were similarly banned contingent on the presence of other specific attachments.

The FAWB also prohibited the manufacture and sale of “large capacity magazines” (LCMs)
defined as holding more than ten bullets [46]. The LCM ban may have been more impactful than the
assault weapons ban, as several studies have shown a negative association between LCM bans and
casualty counts at the state level [46-51]. These and other studies have also examined the broader
effect of the FAWB on various outcome measures [52-54].

This study focuses on the impact of the FAWB on public mass shootings. The approach
differs from previous research in three aspects: 1) a focus on public mass shooting events as the
primary outcome variable; 2) counterfactual estimates of the number of events that would have

occurred had the FAWB never been implemented; and 3) analogous estimates if the FAWB were
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continued. Because assailants often aim to maximize casualties, the restrictions imposed by the
FAWB may have had a greater impact on public mass shootings than on other types of mass
shootings (e.g., family annihilation) [55, 56]. Assault weapons and LCMs facilitate the rapid
discharge of rounds, increasing the potential for higher casualty counts [46]. Our previous research
indicated a significant increase in public mass shooting events, fatalities, and injuries following the
expiration of the FAWB.

Most FAWB studies focus on the reduction in fatalities or injuries as outcomes variables, but
Koper et al. (2001) and Post et al. (2021) examined whether the FAWB resulted in fewer mass
shooting events [52, 57]. Koper (2001) tempered his FAWB research findings “because the ban's
long-term effects could differ from the short-term impacts revealed by this study” [52]. To that end,
this study extends our prior research with three additional years of data. We also present results on
the number of events in which the perpetrator used a firearm potentially classified as an assault

weapon.

Methods

To define a public mass shooting, we adopt the Federal Bureau of Investigation definition of
a massacre, in which four or more people (apart from an assailant) are killed within a single event
[58]. We added the requirement for a shooting to have occurred in a public setting and committed
within a 24 hour timeframe, as in Fox et al. [59-61]. Data were sourced from the Violence Project,
which maintains a database on mass shooting events in the US from 1966 onward.

We used linear regression to estimate the impact of the FAWB on the five-year simple
moving average (SMA) [62, 63]. The SMA model estimates the mean value for public mass shooting

events for each year:

E, =B+ B, fawb+ B, fawb - t+ B, postfawb + 3, postfawb - t+ [, t +.ho m +e,. D
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The dependent variable, E, is the five-year SMA of public mass shootings in year t. The indicators
fawb and postfawb are set to one, respectively, for the years 1995-2004 and 2005-2022. Because the
FAWB was enacted in late 1994, we coded 1995-2004 as years under the ban. Lastly, hom, denote
the national population and homicide rate in year t. Statistical inference was based on the a=0.05
level with hetersokedasticity-robust standard errors.

We conducted two counterfactual exercises. The first estimated the number of the public mass
shootings that would have occurred from 1995-2004 if the FAWB had not been adopted. The second
projected forward the number of events that would have occurred had the FAWB remained in place
for 2005-2022. The difference between the predicted values from these exercises and the actual
number of events provided, respectively, estimates of the number of events prevented by the FAWB

and the number of events created by its removal.

Results
The data contained 184 public mass shooting events from 1966-2022. The years prior to the
FAWB contained 55 events. The period of the ban, defined as 1995-2004, contained 34 events, and

the period after the ban contained 95 events.

Figure 1, panel (a), plots the five-year simple moving average (SMA) of events over the
sample period. The first data point therefore begins in 1970. The figure shows an increase in events
over time. The maximum five-year SMA of 6.8 occurred in 2019. However, trend lines vary
significantly for the periods before, during, and after the FAWB. In particular, the trend was negative
for the FAWB period but positive before and after the ban. Figure 1, panel (b), presents analogous
trends for the five-year SMA of fatalities in public mass shootings, while panel (c) presents trends for
non-fatal gun injuries. The trendline for fatalities was slightly positive during the FAWB, but the

magnitude of the slope was much lower than for either period around the ban. The trendline for
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injuries sloped down during the FAWB, while it sloped up in either period around the ban.

Figure 1. Trends in the 5-Year Moving Average of Events, Fatalities, and Nonfatal Gun

Injuries
(a) Events (b) Fatalities (c) Nonfatal Gun Injuries
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The trend lines in Figure 1 are based solely on year as a covariate. With a focus on events,
Table 1 presents the results from the full regression model (1). The ordinary least squares regression
fit line returned a slope coefficient of 0.10 for the years 1966-1994. While the FAWB was in place
from 1995-2004, the slope was -0.06. The slope became positive again after the removal of the ban.
In fact, at 0.20, the slope was nearly twice the magnitude of the period before the ban. Table 1
presents the full results of the regression model.

Table 1. Regression Output

E[
fawb 327.007
(109.94)
postfawb -201.92™
(42.60)
fawb -t -0.16™
(0.06)
postfawb -t 0.10™
(0.02)
year 0.10™
(0.01)
hom -0.23"
(0.08)
constant -188.50™"
(28.16)
n 53
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Adjusted R? 0.95
F-Statistic ~ 137.32"" (df = 6; 46)
Note: "p<.05, “p<.01,”"p<0.001.

Figure 2 presents the counterfactual exercises from the regression model. The first
counterfactual trend shows the estimated five-year moving SMA of events if the FAWB had never
been imposed. Estimates are denoted by triangles, and they are much higher than the actual moving
average of events from 2000 until roughly 2021. The exercise indicates a significant increase in
events if the FAWB had not been imposed. The sum of the annual differences between the
counterfactual and actual SMAs from 1995-2004 suggests the FAWB prevented five public mass
shootings.

The second counterfactual exercise shows the estimated five-year SMA of events if the
FAWB had continued until 2022. Estimates are denoted by diamonds. The results starkly diverge
from the actual moving average of events. The counterfactual estimates began an immediate
downward trend after the FAWB, while the actual moving average quickly trended upward. The sum
of the annual differences between the counterfactual and actual moving averages from 2005-2022
suggests a continuation of the FAWB may have prevented up to thirty-eight events over the period.

Figure 2. Counterfactual Estimates for the Absence and Continuation of the FAWB
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Data from the Violence Project also contain detailed information on the firearms used in
events. Figure 3 contains trendlines, similar to Figure 1, but for events in which either an assault
weapon was used and or not. To derive these categories, we first set a filter to exclude weapons
collected by police but recorded as not used in the shooting. We coded “yes” for an assault weapon
whenever at least one weapon in the event was designated as either an assault weapon or had a large
capacity magazine. However, for every revolver, we reclassified any missing value for large capacity
to “no,” as these firearms cannot be modified to large capacity. We also consulted with firearm
experts to classify remaining missing values in the database. We note that these categories should be
viewed as proxies to coverage under the FAWB given the complexity of the legislation. See the
Introduction for details on the types of weapons covered by the ban.

Figure 3. Trends in the 5-Year Moving Average of Events in which an Assault Weapon Was

Used or Not.

| (a) Assault Weapon | (b) No Assault Weapon
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Despite some natural limitations in the proxy measure of an assault weapon (or LCM), the
results are consistent with the hypothesis that the FAWB reduced public mass shooting events. In
Figure 3, panel (a), the SMA of events in which the perpetrator used at least one assault weapon
trended upward outside of the FAWB and downward during the FAWB. In comparison from panel
(b), trends in the SMA for events in which no assault weapon was used were relatively flat, and the
magnitudes of the SMAs were much smaller.

Discussion

The results suggest the FAWB had a sizeable impact on the number of public mass shootings
in the United States. From 1966 to 2022, public mass shootings trended upward. However, the trend
was interrupted while the FAWB was in place. Furthermore, counterfactual exercises suggest (1)
events would have been higher if the FAWB had not been imposed, and (2) events would not have
risen so rapidly after 2004 if the FAWB had remained in place. Our first counterfactual is consistent
with but smaller than Koper’s finding: five versus nine fewer events during the 10-year FAWB [31,
45, 49, 52, 53]. The triangulation of these results is meaningful because each study relied on different
data sources and statistical approaches.

Compared to our first study, the second counterfactual estimate of how many mass shootings
could have been prevented if the FAWB remained in place is greater (38 versus 30 fewer events).

However, this increase is driven exclusively by a longer sample period, as the additional three years
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of data arrived when the rate of events was at a record high. Finally, the results in Figure 3 show a
dramatic increase in the rate of events in which an assault weapon was used after the FAWB was
lifted.

Two points from our initial study deserve repetition. First, the increase in public mass
shootings events cannot be attributed to population growth, as the rate of events has outpaced
population growth. The US population grew by approximately 70% from 1966-2022, while the five-
year moving average of events more than quintupled [64]. The regression results also control for
year, which is almost perfectly collinear with population over the sample period. Second, the
negative sign on the homicide rate covariate implies the rise in public mass shootings is not simply a
function of the overall homicide rate.

DiMaggio et al. [65] also reported a decrease in events during the ban using shorter sample
period with fewer events. Gius [66] found the FAWB was associated with fewer mass shooting
deaths in a model combining state and federal bans. While, Koper, Roth, and colleagues did not find
an effect, the absence may be explained by the inclusion of all gun homicides, whose substantially
higher numbers could wash out any effect on the subset of public mass shootings [52, 53]. In more
recent work, Koper et al. ** find assault weapons and other high capacity semiautomatics are used
in a high percentage of mass murders (up to 57%), which raises plausibility that the FAWB indeed
reduced the rate of public mass shootings.

The FAWB may have worked through its two primary mechanisms: a ban on assault weapons
and a ban on LCMs. For example, Webster et al. [51] and Klaveras et al. [46] found that state LCM
bans were associated with fewer public mass shootings and deaths per event. Because our study
focused on the FAWB, we cannot differentiate between the two mechanisms of action. We note,
however, that both mechanisms can affect the ability of an assailant to maximize death counts in a
public mass shootings. Both may therefore be important deterrents.

We focused on the moving average of events because the FAWB carried several limitations.

https://preprints.jmir.org/preprint/62952 [unpublished, non-peer-reviewed preprint]
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First, the ban contained a grandfather clause in which any previous owner of banned weapons was
allowed to retain them [67]. Second, many weapons remained in the community because the ban was
unaccompanied by a buyback program [53]. Third, gun legislation allows buyers who acquire
weapons from gun shows or directly from another owner are not required to pass background checks
[68, 69]. While guns are registered at the point of sale from an arms dealer, most states do not
regulate the transfer of arms from one owner to the next, nor do they require a background check
[70-75]. The effects of the FAWB may have been stronger without these limitations. For example,
Australia, England, Canada, and New Zealand implemented gun buyback programs that dramatically
reduced gun deaths [76-80]

The trend analysis in Figure 1 revealed a dramatic upward shift across events, fatalities, and
nonfatal gun injuries after the FAWB was lifted. One potential confounder would be the adoption of
“new media” [81-83]. Even late adopters significant rose as the FAWB was lifted. In contrast to
legacy media (print newspapers, radio, and televised news), new media shifted from passive
consumption to interactivety with mass communication via new technology, impacting how, when,
and where we consume news, as well as the quality of news [81-84]. Some individuals may be more
inspired to commit mass shootings after the FAWB sunsetted in 2004 because they get more press
coverage. Potential mass shooters also have more opportunities to interact with hate groups online,
an observation across multiple mass shooting gun archives [85-87]. “Echo chambers” of limited,
skewed information have at times fueled violent extremism among groups online [88]. Many
perpetrators emulate previous perpetrators and research previous mass shootings online prior to an
attack [89]. This emulation has fueled concerns about contagion effects, but statistical evidence on
contagion, at least on a short-term horizon, is weak to nonexistent [59, 90]. Conflation of the terms
“copycat” and “contagion” can explain the apparent discrepancy. “Copycat” attacks can result from
emulation among perpetrators, but “contagion” refers to an elevated risk of subsequent attacks within

a specific time window.
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The use of social media, a subset of new media, by perpetrators should not be oversimplified
[91, 92]. While many perpetrators “leak” their thoughts and intentions through social media,
“leakage” existed through different outlets previously [93]. Still, new media, including the subset of
social media, have undoubtedly shaped the discourse around public mass shootings. Ongoing
research will continue to provide insight on the relationship between media and public attacks
themselves.

This study extends our prior research by incorporating three additional years of data,
spanning from 2020 to 2022, a period which coincides with the onset and progression of the COVID-
19 pandemic—the largest global health crisis in recent history [94, 95]. It is highly likely that the
COVID-19 pandemic curtailed public mass shootings because its onset corresponds with the a
conspicuous absence of public mass shootings. Every database tracking public mass shootings shows
an increase of public mass shootings over time with a notable dip at the start of the COVID-19
pandemic [85-87, 96]. In fact, the last public mass shooting occurred on March 15, 2020 in
Springfield, Missouri, 1-3 weeks before state government agencies imposed mandatory stay-at-home
orders [97]. Subsequently, the United States experienced an unprecedented hiatus of 10 months, or
300 days, devoid of public mass shootings—a remarkable departure from the preceding two decades
[85, 87]. Several factors likely explain the interruption. For example, stay-at-home orders, social
distancing, quarantines, and bans on large gatherings may have reduced opportunities to successfully
carry out a mass shooting. The rate of events rebounded in 2022 to a level consistent with the rate at
the onset of the pandemic.

Finally, a decrease in fatalities and nonfatal gun injuries during the FAWB is intuitive because the
combination of assault weapons and LCMs allow mass shooters to rapidly discharge dozens of
rounds within minutes. The use of an assault rifle in combination with an LCM doubled the fatalities
and increased nonfatal gun injuries by 81% compared to public mass shootings without [98].

Moreover, consistent with other investigators, Koper (2020) found that fatal mass shootings with
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LCMs have 60-67% higher fatality counts than mass shootings without [46, 99, 100]. What is less
intuitive is why the FAWB resulted in fewer events. Why would the ban dissuade mass shooters from
committing a mass shooting? One possible explanation would be a desire among mass shooters to
maximize death and injury. Assault weapon and LCM bans limit the ability to achieve the goal.
Furthermore, mass shooters may value the more active, intimate role in homicide offered by a
firearm relative to a more passive approach, such as a bomb or arson. Finally, perpetrators may want
to emulate prior events in terms of the weapons and locations of an attack, and increasing numbers of

high profile events involve the use of an assault weapon.

Limitations

This study found a statistically significant difference in incidence of public mass shootings
during the FAWB. However, because the assault weapon and LCM bans in the FAWB occurred
simultaneously, we cannot separately analyze the impact of one component of the legislation from
the other. Several limitations also stem from the reduced ability to track the implications of the
FAWB as time moved farther away from the sunset of the legislation. For example, due to data
availability, estimates did not control for the manufacture and sale of firearms in the United States,
but the escalation of firearm sales coincided with the end of the FAWB [101]. Part of this increase is
explained by the removal of the FAWB, but part of the increase is explained by external factors. The
estimates do not control for changes in media saturation over time. As noted above, new media had
displaced mass communication while the FAWB was in place. The adoption of new media continued
to expand substantially after the legislation expired [102, 103]. This shift may be important because
the internet is a likely conduit for mass shooters to become famous through additional mass
communication channels, research and emulate prior events, connect to other extremist individuals,
and learn how to plan attacks [91, 104-106]. This study cannot identify the extent to which internet

usage contributed to the growth in mass shootings after 2004.
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Conclusion
Public mass shootings are a unique type of firearm homicide [56]. These events may respond
to different factors and policies than other types of firearm homicide [56]. Building upon research
conducted shortly after the FAWB ended, our study corroborates the impact that the FAWB had on
mitigating the frequency of public mass shootings during its enforcement period. Furthermore, our
analysis suggests that had the FAWB persisted, as many as thirty-eight public mass shootings could
have been averted since 2005. The efficacy of the FAWB is supported by a body of research with
diverse data sources, definitions, and analytical methods. Although a federal ban will not completely
eliminate gun violence, the results of this and 20 years of other studies confirm that a ban can

substantially reduce the frequency, lethality, and nonfatal gun injuries of public mass shootings.
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