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Abstract

Objectives Evaluate the impact of body-worn cameras (BWCs) on officer-initiated
activity, arrests, use of force, and complaints.
Methods We use instrumental variable analysis to examine the impact of BWC
assignment and BWC activation on the outcomes of individual incidents through a
randomized controlled trial of 436 officers in the Phoenix Police Department.
Results Incidents involving BWC activations were associated with a lower likelihood
of officer-initiated contacts and complaints, but a greater likelihood of arrests and use of
force. BWC assignment alone was unrelated to arrests or complaints; however, inci-
dents involving officers who were assigned and activated their BWC were significantly
more likely to result in an arrest and less likely to result in a complaint.
Conclusions Future researchers should account for BWC activation to better estimate
the effects of BWCs on officer behavior. To maximize the effects of BWCs, police
agencies should ensure that officers are complying with activation policies.

Keywords Arrest . Body-worn cameras . Complaints . Compliance . Instrumental variable
analysis . Officer-initiated activity . Policing . Use of force

Body-worn cameras (BWCs) are being deployed at an accelerated rate in police
agencies across the US. The expansion of this technology has been promoted to
increase police effectiveness through enhanced ability to capture evidence and to
reduce police use of force and citizen complaints against the police as a result of
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increased self-awareness or a civilizing effect (Ariel et al. 2015; White 2014). However,
some researchers have raised concerns that additional external review of officer
behaviors can lead to depolicing or officer passivity (Rushin and Edwards 2017).
Though a growing body of research has assessed the impact of BWCs on outcomes
including officer passivity, arrests, use of force, and citizen complaints, the findings are
far from conclusive (Lum et al. 2019). Further, the studies examining the impact of
BWCs on officer behavioral outcomes have often focused on either officer-level or
agency-level change, as opposed to examining the impact of BWCs on the outcomes of
individual incidents.

The purpose of this study is to examine the impact of BWCs on officer-initiated
activity, arrests, officer use of force, and citizen complaints against officers using data
collected as part of a randomized controlled trial (RCT) of BWCs in the Phoenix Police
Department. We advance prior research by examining both the impact of being
assigned to wear a BWC and the impact of BWC assignment for incidents where the
BWC was activated. This analysis focuses on the outcomes of individual incidents.
Given prior research finding a wide range of officer compliance with BWC activation
policies (Lawrence et al. 2019), accounting for whether BWCs are activated by officers
who are assigned to wear them is important and adds to the methodologies previously
used by Hedberg et al. (2017).

Literature review

The rapid expansion of BWCs in the US has sometimes been attributed to a “crisis in
policing.” In response to this crisis, the President’s Task Force on Twenty-First Century
Policing promoted the use of BWCs to increase police transparency and accountability
(President’s Task Force on 21st Century Policing 2015). The adoption of BWCs in
response to this recommendation (often supported by federal funding) has led to a large
body of work evaluating BWCs. These evaluations often examine the impact of BWCs
on officer activity levels, use of force, and/or the number of complaints filed against
police officers. While some researchers randomly select officers and mandate them to
wear BWCs (e.g., Peterson et al. 2018), others have used officers who volunteer to
wear a BWC (e.g., Braga et al. 2017). This section reviews prior BWC research, the
differences between research designs, and how these differences might impact research
findings.

BWCs and officer activity

BWCs are expected to influence officer activity levels through increasing the evidence
an officer can collect and/or constraining officer use of discretion. This could result in
increases in officer-initiated contacts and arrests. For instance, Ready and Young
(2015) suggested that BWCs could make officers more proactive because BWCs can
be used to record evidence of the suspicious activities that an officer witnesses. They
found that incidents involving BWC officers were more likely to be officer-initiated
and to result in a citation (but not arrest). They attribute their findings to the potential
for officers who wear BWCs to be concerned about not responding formally to
incidents when there is video evidence of the offense (Ready and Young 2015).
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Several researchers have examined whether BWCs influence officer proactivity,
though findings are inconsistent across studies (Huff et al. 2020a). Researchers in Mesa
(AZ) and Spokane (WA) found that BWC officers engaged in significantly higher
levels of officer-initiated contacts than control officers (Ready and Young 2015;
Wallace et al. 2018). These findings counter concerns that BWCs could result in officer
passivity. Similarly, officers in Hallandale Beach (FL) conducted a higher number of
field contacts after being assigned to wear a BWC, though this increase was not
significantly different compared to control officers (Headley et al. 2017). In contrast,
researchers in Milwaukee (WI) found that BWC officers engaged in significantly fewer
subject stops compared to control officers, and identified no differences in officer-
initiated activities between groups (Lawrence and Peterson 2019; Peterson et al. 2018).
They suggest that the BWC officers in their study were more selective in the types of
proactive contacts that they engaged in (Lawrence and Peterson 2019). Finally, re-
searchers in Las Vegas (NV), London (UK), Louisville (KY), and Tempe (AZ) found
no relationship between BWCs and officer proactivity (Braga et al. 2018; Grossmith
et al. 2015; Hughes et al. 2020; White et al. 2018).

Arrests are another measure used to examine the influence of BWCs on officer
activity levels. Like officer-initiated activities, researchers examining the impact of
BWCs on arrest have uncovered mixed findings (Huff et al. 2020b; Lum et al. 2019). In
both Las Vegas (NV) and Phoenix (AZ), officers assigned to wear a BWC conducted a
significantly greater number of arrests than officers assigned to the control group
(Braga et al. 2018; Katz et al. 2014). These findings are supported in agencies outside
of the US as well, as officers wearing BWCs in the Plymouth Constabulary (England)
and the Toronto Police Service (Canada) conducted more arrests than officers who
were not using BWCs (Goodall 2007; Whynot et al. 2016). Braga et al. (2018) suggest
that the increase in arrests associated with BWCs could be due to additional evidence
that can be used to hold offenders accountable, or to perceived constraints on officer
discretion that result in officers deferring to arrests to avoid potential discipline for
failing to conduct an arrest. However, researchers in Hallandale Beach (FL) and a
southwestern US agency found that officers conducted fewer arrests after being
assigned to wear a BWC (Headley et al. 2017; McClure et al. 2017). Several studies
have identified no relationship between BWCs and arrests (Grossmith et al. 2015;
Hedberg et al. 2017; Ready and Young 2015; Wallace et al. 2018; Yokum et al. 2017).
Given the mixed findings across these prior studies, the influence of BWCs on arrests is
somewhat unclear.

BWCs and officer use of force and citizen complaints

Early studies that identified dramatic reductions in officer use of force and citizen
complaints resulted in increased pressure for police agencies to adopt BWCs. For
example, researchers in Rialto (CA), Las Vegas (NV), and Miami (FL) have found
that officers wearing BWCs use force significantly less often than control officers
(Ariel et al. 2015; Braga et al. 2018; Chin-Quee 2018). Ariel et al. (2015) suggest that
the reduction in use of force associated with BWCs was likely driven by a deterrent
effect, which resulted in officers exhibiting more desirable behaviors when their actions
were being recorded. Though the research to date generally suggests that BWCs are
associated with reductions in use of force, these findings are not universal across
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studies (Lum et al. 2019; White et al. 2019a). For instance, BWCs did not impact
officer use of force in Denver (CO), Hallandale Beach (FL), Birmingham (UK),
Milwaukee (WI), Edmonton (Canada), or Washington DC (Ariel 2017; Headley
et al. 2017; Henstock and Ariel 2017; Peterson et al. 2018; Stratton et al. 2015;
Yokum et al. 2017). A multisite trial of BWCs in ten agencies identified no effect of
BWCs on use of force overall; however, the effects of BWCs varied between null
effects, decreases, and even increases in use of force across the individual agencies
examined (Ariel et al. 2016). Ariel et al. (2016) suggest that the increase in use of force
associated with BWCs in some agencies was due to noncompliance with experimental
protocols, resulting in officer discretion to activate and deactivate their BWCs.

Most of the research studying the impact of BWCs on complaints has found
that BWCs either reduce or have no impact on citizen complaints against officers
(Lum et al. 2019; White et al. 2019b). Significant reductions in citizen complaints
have been found for officers who wore BWCs in Las Vegas (NV), London
(England), Miami (FL), Orlando (FL), and Phoenix (AZ), relative to control
officers (Braga et al. 2018; Chin-Quee 2018; Grossmith et al. 2015; Hedberg
et al. 2017; Jennings et al. 2015). Braga et al. (2018) suggest that this reduction
could be due to a civilizing effect of BWCs on police-citizen encounters. Several
studies have also found that complaints against BWC officers decreased at the
same time that complaints against control officers increased, including researchers
in Arlington (TX), Phoenix (AZ), Milwaukee (WI), and Spokane (WA) (Goodison
and Wilson 2017; Katz et al. 2014; Peterson et al. 2018; White et al. 2017). Some
researchers, however, have identified no impact of BWCs on citizen complaints
(Braga et al. 2019; Headley et al. 2017; Yokum et al. 2017).

Prior BWC deployment strategies

Though many BWC studies have used rigorous experiments or quasi-experiments
(Lum et al. 2019), the methodology used to deploy BWCs to officers varies across
studies. The different implementation strategies used across evaluations have important
implications for contextualizing the findings of this body of research. One of the major
considerations in designing a BWC study is whether officers will be mandated to wear
BWCs, or if officers will need to volunteer to be a part of the study and to wear BWCs.
Though the use of randomly selected officers who are mandated to wear BWCs is
perhaps the most common strategy for deploying and evaluating BWCs, some evalu-
ations have used volunteers, or examined both voluntary and mandatory assignment of
BWCs. For instance, a BWC evaluation in Las Vegas (NV) relied on BWC volunteers
to avoid potential issues with the police union that could have delayed the study (Sousa
et al. 2016). Ready and Young (2015) suggested that using volunteers can reduce
“friction” and political opposition that can occur when officers are mandated to wear
BWCs. However, some researchers have raised concerns that officers who volunteer to
wear a BWC could differ from officers who do not volunteer in important ways (Huff
et al. 2018). Further, the use of volunteers limits the external validity of studies that rely
solely on volunteer samples (Lawrence and Peterson 2019; Ready and Young 2015).

Given the increased potential for BWCs to be used to monitor officer behavior,
officers who choose to wear a BWC could have different attitudes toward their agency
and their supervisors than officers who do not choose to wear a BWC. Supporting this
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possibility, Kyle and White (2017) found that officers were more receptive toward
BWCs when they had higher perceptions of organizational justice within their agencies.
Similarly, some officers who declined to volunteer to wear a BWC in Las Vegas
reported concerns about how the administration would use BWCs (Sousa et al. 2016).
As such, volunteers could be less concerned about BWC footage being used against
them than officers who do not volunteer to use a BWC. Volunteers could also be “go-
getters” who are excited about the potential to use BWCs to capture additional
evidence. Officers who resist BWCs could be concerned about the potential discipline
associated with using a camera, or they could want to have their activities, or lack
thereof, remain free of supervisor review. In short, officers who volunteer to wear
BWCs and those required to do so could differ in qualitative ways that may not be easy
to capture and compare statistically. These potential differences in deployment have
important implications for understanding the impact of BWCs on officer behavior.

As previously mentioned, the impact of BWCs has been mixed across prior studies,
and it is unknown whether different BWC deployment strategies or different research
settings could be driving the inconsistent findings. In terms of proactivity, studies that
mandated officers to wear BWCs resulted in decreased proactivity in Milwaukee
(Peterson et al. 2018), increased proactivity in Spokane (Wallace et al. 2018), and no
change in proactivity in Tempe (White et al. 2018). In terms of arrest, studies involving
officers who volunteered to participate resulted in decreased arrests in one Southwest-
ern US police department (McClure et al. 2017) but increased arrests in the Las Vegas
Metropolitan Police Department (Braga et al. 2018). Similar reductions in use of force
were identified for officers who were mandated to wear BWCs in Orlando (Jennings
et al. 2015) and those who volunteered to wear BWCs in Tampa (Jennings et al. 2017).
Finally, reductions in complaints were identified for both officers mandated to wear
BWCs in Denver (Ariel 2017) and those who volunteered to wear BWCs in Arlington
(Goodison and Wilson 2017).

Only two studies to date have examined potential differences between officers
who were mandated and officers who volunteered to wear BWCs in the same
agency. In their study of BWCs in Mesa (AZ), Ready and Young (2015) found
that BWC volunteers (n = 25) were more likely to write citations than mandated
officers (n = 25). They did not identify any differences between volunteers and
mandated officers in terms of warnings, stop-and-frisks, arrests, or officer-initiated
encounters (Ready and Young 2015). However, they did find that officers who
volunteered to wear a BWC were significantly more likely to perceive the BWC as
helpful in individual incidents. Their findings suggest that the way officers are
assigned to wear a BWC could influence the impact of the BWC on officer behavior
and attitudes toward BWCs. In their study of officer perceptions of BWCs in the
Phoenix Police Department, Huff et al. (2020b) identified reductions in officer
favorability toward BWCs for volunteers and mandated officers after BWCs were
deployed, though mandated officers experienced greater reductions in favorability.
These findings point to the need for additional research comparing the impact of
BWCs between officers who volunteer and those who are mandated to wear BWCs.

In addition to various BWC deployment strategies across evaluations, the unit of
analysis has varied across prior studies as well. Most researchers have examined the
impact of BWCs at the officer level (Braga et al. 2018; White et al. 2018; Yokum et al.
2017). Other researchers argue for the use of shift-based randomization, and evaluate
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the influence of BWCs across treatment and control shifts (Ariel et al. 2015, 2019).
Fewer researchers have examined the influence of BWCs using individual police-
citizen contacts as the unit of analysis (Hedberg et al. 2017; Ready and Young 2015;
Wallace et al. 2018).

Of the evaluations using officers as the unit of analysis, Braga et al. (2018) identified
increased arrests in Las Vegas, though Yokum et al. (2017) did not identify any
differences in arrests in the DCMetropolitan Police Department. Of those studies using
shifts as the unit of analysis, Ariel et al. (2015) identified decreased use of force in
Rialto (CA), but no overall effect of BWCs on use of force using the results of ten shift-
based evaluations in agencies across the world. Finally, those studies using individual
incidents as the unit of analysis have identified no influence of BWCs on arrests in
Spokane or Phoenix (Hedberg et al. 2017; Wallace et al. 2018), though BWCs were
associated with a significantly greater likelihood of citations in Mesa (Ready and
Young 2015). As such, prior studies have resulted in inconsistent findings even when
the same unit of analysis has been used.

The use of incidents as the unit of analysis has a number of advantages. First, it
increases statistical power. Even in agencies with small numbers of officers, individual
officers respond to a substantial number of incidents. This can facilitate the evaluation
of a large number of incidents in general and could further be used to examine the
outcomes of incidents nested within responding officers to assess the impact of BWCs
across different officers. Second, the use of incidents enables researchers to account for
the characteristics of the individual situation. Third, as noted by Ariel et al. (2019),
aggregating outcomes to the officer level can result in contamination when incidents
involve multiple officers from separate treatment conditions. As a result, some inci-
dents that would be included in aggregate counts for one officer could also be included
in counts for one or more other officers (Hedberg et al. 2017). This is a form of
treatment migration, wherein some cases would receive treatment that they were not
randomly assigned to receive (Gartin 1995). Namely, control officers would experience
being filmed by/working with a BWC officer. Using incidents as the unit of analysis
enables researchers to examine the impact of this contamination directly (e.g., Wallace
et al., 2018). Given the increasing debate about contamination in different BWC
evaluation designs, the ability to control for contamination at the incident level
improves upon prior evaluations that have not been able to account for this potential.
Finally, the use of incidents enables an examination of whether a BWC was actually
activated during an encounter. Whether or not a BWC is turned on, regardless of
whether an officer is wearing a BWC, has been associated with different effects
(Hedberg et al. 2017). This consideration is particularly important because prior
research has identified large variation in BWC activation rates across individual officers
in Anaheim (CA) (Lawrence et al. 2019). As such, the examination of the impact of
BWCs on individual incidents addresses concerns about treatment dilution if officers
are not activating their BWCs as intended.

Methodology

The current study relies on data collected as part of a randomized controlled trial (RCT)
of BWCs in the Phoenix Police Department (PPD). We specifically examine the
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influence of BWCs on officer-initiated activity, arrests, officer use of force, and citizen
complaints filed against officers using individual incidents as the unit of analysis. We
further control for whether an officer was randomly selected and volunteered to wear a
BWC, or was randomly selected and mandated to wear a BWC.

Phoenix is the capital of Arizona and is located in the center of the larger Phoenix
metropolitan area, which is comprised of more than 4.8 million people. Phoenix is one
of the fastest growing cities in the USA, with a population close to 1.7 million. Phoenix
is primarily comprised of white (43.3%), Hispanic (42.5%), and Black (6.9%) resi-
dents. About 20% of residents are foreign-born, and 37.3% of residents speak a
language other than English at home. The median income is about $52,000 and
20.9% of residents live below the poverty line. In 2018, the Uniform Crime Report
crime index for Phoenix was approximately 43.6 crimes per 1000 residents.

The PPD has grown by roughly 15% over the past 18 years. It is currently staffed
with about 3000 authorized sworn officers and more than 1000 civilian personnel.
The PPD has been on the forefront of BWC technology. In 2013, the PPD was the
first agency in the US to be sponsored by the Bureau of Justice Assistance to pilot
test BWCs. In that study, BWCs were evaluated in Maryvale, one of the seven
patrol precincts. This quasi-experimental evaluation of their program found that
officers assigned to wear BWCs conducted significantly more arrests and experi-
enced a 23% decline in complaints (compared to a 10.6% increase for control
officers) (Katz et al. 2014).

Intervention design

The present study relies on a sample of PPD officers assigned to patrol units in six of
the seven precincts. Patrol officers assigned to the Maryvale precinct were excluded
from the study because it served as the location of the 2013 BWC pilot test. Of the 841
officers eligible for inclusion in the current study, 668 were approached and asked to
participate in a survey about BWCs. We were unable to contact the remaining officers
(n = 173) due to absences and temporary reassignments (vacation, sick, training, etc.).
Up to three attempts were made to contact officers who were eligible to participate in
the survey. Survey participation was voluntary and officers were assured that they
would have the option to decline to wear a BWC, even if they agreed to participate
in the survey portion of the study. Officers were informed that their employee
records would be linked to their survey responses if they agreed to participate.
Of the 668 approached officers, 467 participated in the survey. This represents
a 56% response rate for eligible officers and a 70% response rate among
contacted officers.

BWCs were then deployed to officers in two phases, a volunteer phase and a
mandated phase (see Fig. 1 for intervention design). In the volunteer phase, the research
team randomly selected 144 officers from the pool of 467 officers who participated in
the survey and asked them to voluntarily wear a BWC. Forty-seven of the randomly
selected officers agreed to wear a BWC (BWC volunteers). Officers who declined to
voluntarily wear a BWC were replaced by another randomly selected officer who had
not previously been asked to wear a BWC from the same precinct. The replacement
officer then had the option to volunteer to wear a BWC, or to decline to do so (n = 97
officers declined; BWC resistors).
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Due to project related time constraints, the PPD elected to mandate officers to
wear the remaining BWCs. In the mandated phase, all of the officers who had not
agreed to volunteer to wear a BWC were randomized into either a treatment or a
non-treatment condition. Those who were randomly selected during the mandated
phase were required to wear a BWC without the option to decline (n = 35; BWC
mandated). One of the officers who was randomly selected and mandated to wear a
BWC had initially been a BWC resistor. This officer was excluded from the
analysis. Outside of the study protocol, eight officers were nonrandomly selected
to wear a BWC by their precinct commander and were excluded from the analysis.
All of the officers who were randomly selected to wear a BWC as part of the study
(including BWC resistors) were coded as intent-to-treat officers because they were
randomly assigned to the treatment condition. The 281 officers who were not asked
or assigned to wear a BWC during either the volunteer or the mandated phase serve
as the control group. Six officers (4 controls and 2 resistors) were removed from the
study because they were reassigned outside of patrol during the study period. The
final sample used in these analyses includes incidents involving 47 BWC volun-
teers, 94 BWC resistors, 34 BWC mandated officers, and 277 control officers. All
BWCs used in the study were deployed on May 24, 2017.

The PPD BWC policy was first established as part of the 2013 pilot study. That
policy stated that “all officers and supervisors who arrive on a scene or engage in an
enforcement contact must place their VIEVU camera in the on/record mode as soon as
it is safe and practical to do so” (Katz et al. 2014, p. 17). This policy was updated
during our study period. The revised Phoenix Police Department Info Center Opera-
tions Orders (2018) reads “Users must activate their body-worn camera by placing the
camera in the ‘On/Record’ mode upon receiving a call for service and/or prior to
engaging in any investigative or enforcement contact” (Operations Order 4.49). As
such, officers assigned to wear BWCs as part of this study were expected to activate
their BWC in all citizen encounters throughout the study. Officer compliance with the
BWC activation policy is assessed by their direct supervisor who randomly selects and

Fig. 1 Intervention design
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inspects one video for each officer assigned to wear a BWC each week. The inspections
lieutenant for each precinct also randomly selects and reviews at least one video
captured using a BWC on a monthly basis and includes their findings in the Monthly
Inspections Report.

Data

The present study relied on computer-aided dispatch (CAD) data, arrest data, use of
force reports, complaints, and BWC metadata. For the purposes of this study, we
examine the 18 months after BWCs were deployed to randomly selected PPD officers
(May 24, 2017, through November 23, 2018). The CAD data included all PPD incident
reports for crime and disorder events for 18-months post-camera implementation.
These data include records for dispatched incidents as well as officer-initiated contacts.
Officer-initiated contacts are proactively initiated by an officer who observed an event
and chose to contact an individual, as opposed to responding to a citizen request for
service (either through 911, an online report, or flagging an officer down). Arrest data
were used to identify those incidents that resulted in an arrest.

The PPD’s Standard Operating Procedures require an official use of force report to
be completed if the incident involved a TASER, intermediate control techniques (e.g.,
hard empty hands, flashlights), carotid control techniques, and/or deadly force. The
data used in this evaluation do not include the use of soft empty hands, restraining
devices, and tripping/tackling because these incidents are only recorded through a use
of force report in the event of an alleged injury. All use of force reports were created by
the involved officers’ supervisor. Complaint data were gathered from PPD’s Profes-
sional Standards Bureau and included all complaints, regardless of the source of the
complaint (e.g., citizen, supervisor, website). Complaints about events that were
unrelated to an officers’ job performance (e.g., complaints about officer behavior off
duty) were removed from the analysis. Finally, metadata were collected from the BWC
vendor to obtain a record of every BWC activation during the study period. This
enables us to examine whether a BWC was activated in each individual police-citizen
contact.

Dependent variables

Our dependent variables are binary measures for each of the following: officer-initiated
contact, arrest, use of force, and citizen complaint (coded as 0 = no; 1 = yes).

Independent variables

Our primary independent variables are measures of the proportion of responding
officers assigned to wear a BWC and BWC activation. The proportion of responding
officers assigned to wear a BWC is a continuous variable ranging from 0 = all
responding officers assigned to the control condition to 1 = all responding officers
assigned to the treatment condition. As such, this variable captures treatment exposure,
with incidents that did not involve any responding officers assigned to wear a BWC
(i.e., the treatment) being coded as 0 and those incidents in which every responding
officer was assigned to wear a BWC being coded as 1. Using a proportion also allows
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us to account for incidents involving varying levels of contamination. For example, an
incident involving one officer assigned to wear a BWC and one officer assigned to the
control condition is given the value 0.5; an incident involving two control officers and
one BWC officer is given a value of 0.33. BWC activation measures whether a BWC
was activated during an individual police-civilian encounter (coded as 1 = BWC
activated; 0 = no BWC activation). The BWC activation variable was created by
merging the BWC metadata with the CAD data to identify all incidents that resulted
in a BWC being activated over the study period.

We also account for incident type using a series of binary variables created from the
radio codes in the CAD data: violent offense, property offense, subject/vehicle stop,
and other offenses using violent incidents as the reference category (all incident types
coded as 0 = no; 1 = yes). Violent incidents include fights, domestic violence, and
assaults. Property incidents include thefts and residential burglaries. Subject/vehicle
stops include subject stops and vehicle stops. Other incidents are those that do not fit
into any of these categories, including welfare checks, suspicious persons, and noise
disturbances. Though officers were randomly assigned to wear a BWC, it is likely that
there are differences between officers who agreed to volunteer to wear a BWC and
officers who were mandated to wear a BWC. As such, we include a BWC volunteer
variable in all of our analyses to account for these potential differences (coded as 1 =
volunteer; 0 = non-volunteer).

Analytic strategy

We first present the descriptive statistics and the bivariate results for incidents that
involved officers who were assigned to wear a BWC, incidents that involved a BWC
activation, and incidents involving control officers. All bivariate differences are exam-
ined using chi-square tests for categorical variables and t-tests for continuous variables,
using incidents involving control officers as the reference category.

We then estimate two separate multivariate models for our outcomes of interest. We
first assess the impact of BWCs using an intent-to-treat approach (ITT, Model 1). For
the ITT approach, we use a probit path model predicting each outcome using the
proportion of responding officers assigned to wear a BWC (ranging from 0 = none of
the responding officers to 1 = all of the responding officers), the incident type variables,
and whether the responding officer was a BWC volunteer, offset by the number of
responding officers, to predict each outcome. In essence, the first portion of the analysis
is used to examine the impact of assigning BWCs to officers. While informative, this
portion of the analysis assumes full compliance with the treatment which could lead to
inaccurate results if BWCs were not used as assigned (see discussions in Heckman
1997; Hedberg et al. 2017).

Second, we estimate the impact of the treatment on the treated using an instrumental
variable analysis (TOT, Model 2). The TOT portion of the analysis produces the
impacts of BWCs for incidents in which they were used as intended. For the TOT
approach, we use a probit path model predicting each outcome using BWC activation,
the incident type, and the BWC volunteer variables, offset by the number of responding
officers. The BWC activation variable in Model 2 is instrumented by the proportion of
responding officers assigned to wear a BWC, the incident type, and the BWC volunteer
variables. We instrument the BWC activation variable because even though the
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treatment assignment itself was random and is uncorrelated with any of the other
covariates in the model (i.e., exogenous), officer compliance with the treatment could
be related to the type of incident or whether the officer volunteered to wear a BWC. As
such, direct paths between these covariates and both the BWC activated variable and
the outcome variable are used to ensure that the results are doubly robust. Essentially,
the second portion of the analysis identifies the effect of BWCs on incidents involving
officers who were assigned to wear a BWC and who activated their BWC, as compared
to incidents involving officers who were assigned to wear a BWC but did not activate
their BWC, and incidents in which the responding officer was not assigned to wear a
BWC. The probit path models used to estimate the ITT and TOT results are shown in
Fig. 2.1 Appendix 1 more fully describes the use of instrumental variables within path
models to estimate TOT effects and provides an example of the approach.

The use of instrumental variables for the TOT analysis addresses two common
concerns related to BWC research. First, BWC researchers have engaged in debate
about the most appropriate research designs to limit the effects of contamination that
occurs when BWC officers respond to the same incidents as control officers. This can
be considered a form of treatment migration because officers in the control condition
also experience the effects of the treatment (i.e., being videoed) in those incidents. The
second issue this approach addresses is treatment dilution that occurs when officers do
not comply with activation policies (i.e., officers wearing BWCs might not activate
them during every incident to which they respond). Angrist (2006) argues, “the
simplest and most robust solution to the treatment-dilution and treatment-migration
problems is instrumental variables” (p. 28). Further, using instrumental variables
analysis accounts for relationships between treatment compliance and unmeasured
residuals that might also influence the outcome of individual police-citizen contacts.
As such, this approach is doubly robust because the covariates that are used to predict
the outcomes of police encounters are also used to predict BWC activation. Evaluating
the influence of the proportion of responding officers assigned to wear a BWC and
BWC activation on the outcomes of individual incidents allows us to more precisely
measure the impact of BWC use, in addition to BWC assignment, as previously
suggested in Hedberg et al. (2017).

Findings

The descriptive results presented in Table 1 reveal several notable differences between
incidents that involved officers who were assigned to wear a BWC, incidents that
involved a BWC activation, and incidents responded to by control officers. Bivariate

1 Given that individual incidents could involve multiple responding officers, we additionally estimated all of
our models using bootstrapped standard errors (similar to the methods used in Hedberg et al. 2017). Estimating
the standard errors using sub-samples created through bootstrapping calculates the standard errors based on an
empirically derived sampling distribution, as opposed to assuming independence between cases. Due to the
potential for responding officers (either in isolation or combination) to influence the outcomes of individual
incidents, using bootstrapped standard errors is an important robustness check. We did not identify any
meaningful differences in the results in any of the models using the bootstrapped standard errors compared to
traditionally estimated standard errors. For simplicity, we present the results without the bootstrapped standard
errors.
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analyses showed that incidents involving officers assigned to wear a BWC were
significantly more likely to involve violent offenses (16.9% vs. 16.6%; p < 0.01) and
subject/vehicle stops (22.5% vs. 22.0%; p < 0.01), but were less likely to involve
property offenses (25.2% vs. 26.0%; p < 0.01), relative to control incidents. Incidents
that involved a BWC activation were significantly more likely to involve violent
offenses (20.7% vs. 16.6%; p < 0.01) and property offenses (28.8% vs. 26.0%;
p < 0.01), but were less likely to be subject/vehicle stops (19.2% vs. 22.0%; p < 0.01)
or other offenses (31.4% vs. 35.5%; p < 0.01), relative to controls.

Bivariate differences in the outcome variables suggest that incidents involving
officers assigned a BWC (18.1%) and incidents involving a BWC activation (14.2%)
were significantly less likely to be officer-initiated than control incidents (18.0%,
p < 0.01). Incidents involving officers assigned to wear a BWC (27.5%) and incidents
involving BWC activation (34.8%) were significantly more likely to result in arrest
than control incidents (27.0%; p < 0.01). Use of force was significantly more likely to
occur during incidents in which a BWC was activated (0.15%), relative to control
incidents (0.05%; p < 0.01), though there were no significant differences in use of force

Fig. 2 Probit path models
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between incidents involving officers assigned to wear a BWC and control incidents.
There were no significant differences in citizen complaints across groups. BWC
volunteers were involved in 29.6% of incidents in which responding officers were
assigned to wear a BWC and 42.3% of incidents in which a BWC was activated. As
expected, incidents involving officers assigned to wear a BWC and incidents involving
a BWC activation had a significantly higher proportion of responding officers assigned
to wear a BWC, relative to incidents responded to by control officers (mean = 0.91 for
BWC assigned; mean = 0.78 for BWC activated; mean = 0.06 for controls; p < 0.01).

Table 2 presents the results from the officer activity models. Model 1 presents the
results using the proportion of responding officers assigned to wear a BWC and Model
2 presents the results using the instrumented BWC activation variable. The findings
suggest BWC assignment (Model 1) increased the likelihood that an incident would be
officer-initiated (p < 0.01); however, the instrumented BWC activation variable (Model
2) was associated with a reduced likelihood of officer-initiated contacts (p < 0.01). In
both models, officer-initiated contacts were more likely to involve property incidents
(p < 0.01), subject/vehicle stops (p < 0.01), and other incident types (p < 0.01), relative
to violent incidents. BWC volunteers were significantly more likely to engage in
officer-initiated activities in both models (p < 0.05 in Model 1; p < 0.01 in Model 2).

The arrest results in Table 2 suggest that the proportion of officers assigned to wear a
BWC was not significantly associated with the likelihood of arrest (Model 1). How-
ever, the instrumented BWC activation variable was associated with a significantly
greater likelihood of arrest (p < 0.01). Incidents involving a BWC activation were 1.4%
more likely to result in arrest, relative to incidents that did not involve a BWC
activation (p < 0.01). Arrests were significantly less likely to occur during subject/

Table 1 Descriptive statistics

Responding
officer assigned a
BWC

A BWC was
activated

Responding
officer assigned
to control

n. % n. % n. %

Total incidents 202,442 100.00 79,636 100.00 287,401 100

Violent incidents 34,245** 16.92 16,466** 20.68 47,568 16.55

Property incidents 50,905** 25.15 22,900** 28.76 74,670 25.98

Subject/vehicle stops 45,530** 22.49 15,270** 19.17 63,203 21.99

Other incidents 71,762 35.45 25,000** 31.39 101,960 35.48

Officer-initiated incident 36,609** 18.08 11,335** 14.23 50,566 17.59

Arrest 55,574** 27.45 27,698** 34.78 77,702 27.04

Use of force 132 0.07 117** 0.15 150 0.05

Complaint 29 0.01 16 0.02 42 0.01

BWC volunteer 60,008** 29.64 33,664** 42.27 0.00 0.00

Proportion of officers assigned a BWC—mean
(std. deviation)

0.91** (0.20) 0.78** (0.31) 0.06 (0.16)

**p < 0.01, *p < 0.05 for chi-square tests/t tests of association using incidents responded to by control officers
as the reference category
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vehicle stops (p < 0.01), and other incident types (p < 0.01), but were significantly more
likely to occur during property incidents (p < 0.01), relative to violent incidents in both
models. Incidents involving BWC volunteers were significantly more likely to result in
an arrest in both models (p < 0.01; a 2.5% increase in the probability of arrest).

The use of force and complaints results are presented in Table 3. The use of force
results suggest that incidents involving a higher proportion of officers assigned to wear
BWCs (Model 1) and instrumented BWC activation (Model 2) were significantly more
likely to result in use of force (p < 0.05 in Model 1; p < 0.01 in Model 2). Both models
suggest that use of force was significantly less likely to occur during property incidents
(p < 0.01), subject/vehicle stops (p < 0.01), and other incidents (p < 0.01), relative to
violent incidents. There were no significant differences in the likelihood of use of force
for incidents involving BWC volunteers.

The proportion of officers assigned to wear a BWC was not significantly associated
with the likelihood of a complaint (Model 1); however, the instrumented BWC
activation variable was associated with a significantly lower likelihood of a complaint
(p < 0.05; Model 2). The only other significant variable in the complaint models
suggests that complaints were less likely to occur for other incident types (p < 0.01),
relative to violent incidents.

To provide a visual representation of the impact of BWC activation on each of our
outcomes of interest, we examined the predicted probability of each outcome depend-
ing on whether or not a BWC was activated (using Model 2 results). As shown in Fig.
3, the results largely suggest that the influence of BWC activation is relatively minor.
Holding all other covariates at their means, incidents that did not involve a BWC

Table 2 Probit coefficients from path models predicting officer activities

Officer-initiated Arrest

Model 1 Model 2 Model 1 Model 2

BWC activated (instrumented) − 0.34** 0.08**

(0.01) (0.01)

Proportion of officers at incident assigned a BWC 0.03** 0.01

(0.01) (0.00)

Property incident 0.43** 0.42** 0.07** 0.07**

(0.01) (0.01) (0.01) (0.01)

Subject/vehicle stop 2.61** 2.59** − 0.64** − 0.63**
(0.01) (0.01) (0.01) (0.01)

Other incident 0.75** 0.73** − 0.50** − 0.49**
(0.01) (0.01) (0.01) (0.01)

BWC volunteer 0.02* 0.17** 0.10** 0.06**

(0.01) (0.01) (0.01) (0.01)

Constant − 3.22** − 3.16** − 1.36** − 1.37**
(0.01) (0.01) (0.00) (0.00)

Observations 489,843 489,843 489,843 489,843

**p < 0.01, *p < 0.05; standard errors in parentheses; violent offenses used as the reference category; offset by
number of responding officers
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Fig. 3 Predicted probabilities using TOT with the instrumental variable results

Table 3 Probit coefficients from path models predicting use of force and complaints

Use of force Complaint

Model 1 Model 2 Model 1 Model 2

BWC activated (instrumented) 0.15** − 0.20*
(0.04) (0.08)

Proportion of officers at incident assigned a BWC 0.11* 0.03

(0.05) (0.09)

Property incident − 0.13** − 0.12* − 0.15 − 0.16
(0.05) (0.05) (0.09) (0.09)

Subject/vehicle stop − 0.17** − 0.16** 0.03 0.02

(0.06) (0.06) (0.08) (0.08)

Other incident − 0.30** − 0.29** − 0.26** − 0.28**
(0.05) (0.05) (0.09) (0.09)

BWC volunteer −0.05 −0.07 0.02 0.10

(0.06) (0.06) (0.10) (0.10)

Constant − 4.38** − 4.38** − 4.76** − 4.70**
(0.04) (0.04) (0.07) (0.06)

Observations 489,843 489,843 489,843 489,843

**p < 0.01, *p < 0.05; standard errors in parentheses; violent offenses used as the reference category; offset by
number of responding officers
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activation had a 12.5% likelihood of being officer-initiated, relative to a 7.0% likeli-
hood when a BWCwas activated. Around 26.1% of incidents were expected to result in
arrest when a BWC was not activated, though 28.7% of incidents that involved a BWC
activation were expected to result in arrest. The likelihood of an incident resulting in
use of force when a BWC was not activated was 0.04%, slightly lower than the
predicted probability when a BWC was activated (0.07%). The probability of an
incident resulting in a complaint was extremely low, with only 0.02% of incidents that
did not involve BWC activation expected to result in a complaint, compared to 0.01%
of incidents that involved a BWC activation.

Discussion

Our findings suggest that BWCs were associated with a reduced likelihood of officer-
initiated contacts and complaints but a greater likelihood of arrest and use of force. As
such, BWCs could be decreasing officer proactivity and complaints, but increasing
more aggressive forms of policing like arrests and use of force. However, the differ-
ences were substantively small.

Our finding that BWCs decreased the likelihood of an officer-initiated contact are
consistent with researchers in Milwaukee, where it was similarly reported that BWC
officers conducted fewer subject stops (Peterson et al. 2018). Researchers in Boston
and London also found that BWCs were associated with fewer field interviews and
stops and frisks, though the differences were not significant (Braga et al. 2019;
Grossmith et al. 2015). However, this is inconsistent with other researchers who have
reported that BWCs increase officer proactivity (Ready and Young 2015; Wallace et al.
2018). It is important to note that BWC volunteers were significantly more likely to
engage in officer-initiated contacts, relative to officers who did not volunteer to wear a
BWC. This suggests that officers who choose to wear a BWC could use them to engage
in more proactive policing, while officers who are mandated to wear a camera could
become more passive. Given the somewhat mixed results of BWCs on officer-initiated
contacts across prior studies, our findings suggest that officer receptivity to wearing a
BWC could influence the impact of the camera on their proactive behaviors.

We found that BWCs were associated with a greater likelihood of arrest, consistent
with researchers in Las Vegas (Braga et al. 2018). However, this finding is inconsistent
with some prior studies. Headley et al. (2017), for example, found that BWC officers in
their study were more likely to conduct field contacts but were less likely to conduct
arrests. They suggest that BWC officers continue to be active in responding to
suspicious activities, but that they might use less formal measures to resolve incidents.
Our findings suggest that the opposite could be occurring in Phoenix, given that BWCs
reduced officer-initiated activities but increased arrests. As such, BWCs could limit
officer discretion, if officers who wore BWCs felt like they could only respond to
civilian requests for service, and that they must use arrests as opposed to an alternative
strategy to respond to incidents. As in proactivity, officers who volunteered to wear a
BWC were significantly more likely to conduct an arrest relative to other officers. This
again suggests that officers who choose to wear a BWC could use them to engage in
more legalistic policing.
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Our finding that BWCs were associated with an increase in use of force is surprising
and inconsistent with several prior studies (Ariel et al. 2015; Braga et al. 2018; Chin-
Quee 2018). However, Ariel (2017) also found that use of force was significantly more
likely for BWC officers assigned to some districts in Denver, though he identified a
null effect of BWCs on use of force overall. In their review of 71 BWC studies, Lum
et al. (2019) found that impact of BWCs on use of force was inconsistent across studies,
with some researchers identifying decreases but others identifying null effects. There
are a few potential explanations for the increase in use of force associated with BWCs.
First, this could be an artifact of increased reporting of officer use of force because there
is BWC footage of the incident. This is consistent with research conducted in England,
which suggests that BWCs could increase the reporting of lower levels of police use of
force (Henstock and Ariel 2017). Second, it is possible that BWCs could be used to
capture evidence that justifies police use of force. For instance, officers who wear
BWCs might be better able to document civilian resistance or aggression. As a result,
officers who wear BWCs could be less hesitant to use force when it is necessary. Given
the focus of the current study, we do not differentiate between different types of force
or whether the force was appropriate. Future researchers should more fully examine
these potential explanations.

Finally, we found that BWCs were associated with a significantly lower likeli-
hood of a complaint. This finding is consistent with a large body of research that
predominantly indicates that BWCs reduce citizen complaints (Lum et al. 2019;
White et al. 2019b). Importantly, we found that this reduction only occurred when a
BWC was activated, and was not related to assignment to wear a BWC alone. This
suggests that for BWCs to effectively reduce complaints against the police they
must be used. These results are consistent with prior research in Phoenix, which
found that BWC activation had a substantially stronger effect on complaints than
mere BWC assignment, though both conditions were associated with significant
reductions in that study (Hedberg et al. 2017).

One of the major contributions of the current study is the use of instrumental
variable analysis to more accurately assess the effects of BWCs. We improve upon
studies that solely examine the effect of BWC assignment by also examining the impact
of BWC activation on the outcomes of individual incidents. Though obtaining a
conservative estimate of BWC assignment is important, it could provide misleading
estimates of the impact of BWCs for police agencies considering the adoption of this
technology. Namely, studies that take an ITT approach can result in underestimates of
the causal effect of BWCs. By presenting both the results based on BWC assignment as
well as the effect of BWC activation instrumented on assignment, we examine the
range of impacts of BWCs on different outcomes. Because officers are unlikely to
perfectly comply with BWC activation policies, the ITT results are useful in under-
standing a lower end threshold for anticipated treatment effects associated with the
deployment of BWCs to officers. The instrumental variable results, on the other hand,
present an upper end threshold, indicating the effect of BWCs on various outcomes if
officers assigned to wear BWCs activated them 100% of the time (Hedberg et al. 2017).

Our findings suggest that BWC assignment and instrumented BWC activation have
similar effects on the outcomes examined, though some notable differences emerged.
BWC assignment increased the likelihood of an officer-initiated contact, but BWC
activation was associated with a significant decrease in the likelihood of proactivity.

A randomized controlled trial of the impact of body-worn camera...



Though both BWC assignment and activation increased the likelihood of an arrest, only
BWC activation significantly increased arrests. Both BWC assignment and BWC
activation significantly increased the likelihood of use of force. Finally, BWC assign-
ment was not associated with complaints, but BWC activation significantly reduced the
likelihood of a complaint. As such, policymakers who want to maximize the effective-
ness of BWCs should focus on ensuring that officers who wear BWCs are actually
using them in accordance with activation policies.

We also assessed differences between officers mandated to wear BWCs and those who
volunteered to do so. BWC volunteers were significantly more likely to self-initiate contacts
and to conduct arrests, relative to officers who did not volunteer to wear a BWC. This
suggests that volunteers could use BWCs to be more proactive and legalistic. Further,
volunteers were not more likely to use force or receive complaints, suggesting that increases
in activity levels for volunteers are not resulting in forceful or improper policing. As such,
our findings suggest that increasing officer buy-in, prior to deploying BWCs, could also
increase the utility of the technology in increasing police activity, while avoiding potentially
negative effects associated with more formal policing.

The impact of contamination

One of the most enduring debates in the BWC research is the appropriate experimental
design to reduce contamination. Ariel et al. (2019) argue that using officers as the unit
of analysis violates the stable unit treatment value assumption (SUTVA) because
officers assigned to the BWC condition could respond to the same incidents as officers
assigned to the control condition, resulting in contamination. SUTVA maintains that
there should be no dependency between individual units in an experiment. As such,
they promote the use of shift-based randomization (Ariel et al. 2019). However, the use
of shift-based randomization suffers other concerns. Ariel et al. (2015) note that
because the officers in their experiment experienced both treatment and control
shifts, it is possible that the findings of their study were influenced by a spillover
effect. In essence, an officer assigned to wear a BWC on Monday but not to wear a
BWC on Tuesday could still change their behavior on Tuesday because they
experienced the treatment on Monday. This could explain why Ariel et al. (2015)
identified significant reductions in use of force and complaints for both treatment and
control shifts in their study.

Other scholars promote the use of officer-based randomization to reduce potential
spillover effects and/or intra-unit contamination that occurs in shift-based designs
(Lawrence and Peterson 2019). Intra-unit contamination is the idea that the officers
who receive the treatment in different shifts become contaminated because they
experience both the treatment and control conditions, depending on the randomization
of their shift on a particular day. So instead of contamination that occurs when BWC
officers respond to the same incidents as control officers, the concern in shift-based
designs is that the individual officers themselves are contaminated because they
experience being in both the treatment and control conditions. In short, both shift-
based and officer-based randomization procedures are subject to concerns surrounding
contamination of treatment effects. Though some scholars advocate for shift based
designs to maximize independence between treatment and control conditions (Ariel
et al. 2019), others have found that these designs are not always possible for practical
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reasons and instead use officer based designs to minimize potential diffusion of
treatment effects (Braga et al. 2018; Lawrence and Peterson 2019; Sousa et al. 2016).

Braga et al. (2018) suggest that the use of individual officers as their unit of analysis
is justifiable given the organization of the Las Vegas Metropolitan Police Department,
which, like PPD, relies on one-officer cars. In order to examine the extent of potential
contamination in their study, Sousa et al. (2016) used CAD data to identify police
incidents that involved both a treatment and a control officer. They found that an
average of 19% of calls were contaminated each month (Sousa et al. 2016). A study in
Milwaukee found that 34% of incidents involved both BWC and control officers
(Lawrence and Peterson 2019). Wallace et al.’s (2018) study of BWCs in Spokane
found that 49.7% of all incidents were contaminated. A study conducted in Washington
DC identified a much higher contamination rate, finding that only around 30% of calls
did not involve treatment officers (Yokum et al. 2017). In this study, we found that
15.7% of incidents involved responding officers from the treatment and control
condition. As such, the extent of contamination in officer-based studies varies and it
is important to report levels of contamination.

We attempted to minimize the effect of contamination on our findings by controlling
for the proportion of officers at an incident assigned to wear a BWC. This allowed us to
compare incidents that involved all control officers to incidents involving all BWC
officers, as well as varying levels of contamination between these two ends of the
spectrum (e.g., incidents involving 2 control officers and 1 treatment officer; 3 treat-
ment officers and 1 control officer; etc.). To further assess the potential influence of
contamination, we examined predicted probabilities for each of our outcomes of
interest, given varying levels of contamination. As shown in Appendix 2, the proba-
bilities of each outcome were not substantially different using any level of contamina-
tion examined.

As with all research conducted in applied criminal justice settings, conducting
randomized-controlled trials of BWCs poses several challenges. The selection of the
randomization unit is a key decision, with advantages and disadvantages surrounding
both shift- and officer-based designs. As Ariel et al. (2019) state, “the choice of unit is a
compromise between the best unit in principle and the optimal unit possible” (p. 571).
Given the limited number of BWCs purchased in the current study and the needs of the
PPD, officer-based randomization was the most feasible option. Through examining
the influence of BWCs on the outcomes of individual incidents, we attempted to
minimize concerns surrounding contamination and potential spillover by accounting
for whether an incident involved responding officers from separate treatment condi-
tions. We further utilized an analytical strategy that specifically isolated the effects of
treatment assignment and actual BWC use on our outcomes of interest in individual
incidents. Future researchers should similarly attempt to statistically control for the
potential influence of contamination to provide more accurate assessments of the
impact of BWCs.

Conclusions

Like all research, our study has notable limitations. The PPD is a large police agency
with a long history of BWC use in one of its precincts (see Katz et al. 2014). Further,
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the PPD has recently received some national attention for an increase in police
shootings (Rojek et al. 2019). As such, these findings might not be generalizable to
other departments that operate in other contexts. Our findings, however, are generally
consistent with the larger body of BWC research. Like ours, other studies have found
that BWCs decrease officer-initiated activities (Peterson et al. 2018) and increase
arrests (Braga et al. 2018; Goodall 2007; Katz et al. 2014). However, unlike many
prior studies, we found that BWCs increased the likelihood of police use of force. This
finding could again be driven by the unique context of Phoenix and requires further
evaluation. Finally, as in prior research, we identified a reduction in complaints for
incidents involving BWCs (Ariel et al. 2015; Hedberg et al. 2017; Ready and Young
2015). Perhaps the most important contribution of our study is the use of instrumental
variables analysis to identify the impact of BWCs on the outcomes of individual
incidents. The use of a similar strategy is important for future researchers seeking to
isolate treatment effects of BWCs. The use of incidents as the unit of analysis also
enabled us to account for contamination and to compare outcomes between officers
mandated to wear BWCs and BWC volunteers. These findings have important policy
implications, as our results suggest that increasing officer compliance with BWC
activation policies will maximize the benefits associated with the use of BWCs.
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Appendix 1. Using path models to estimate TOT

The purpose of this appendix is to show how path models can estimate treatment on the
treated impacts equivalent to typical econometric instrumental variable regression. Our
example employs two dichotomous treatment indicators, but these derivations apply to
any IV model. Our exposition was kept general in order to be helpful to a broader set of
readers.

To estimate the so-called “treatment on the treated” impact, researchers often
employ the local average treatment effect (LATE). This impact estimate involves three
key variables: the outcome Y, the randomly assigned binary treatment indicator Z, and
the observed treatment behavior (X).

Given an exogenous (uncorrelated with any other factors) treatment predictor z
where control and treatment conditions are randomly assigned and coded as
z = {0, 1}, the instrumental variable (IV) estimate is the ratio of the mean differ-
ence in the outcome by the mean difference in the instrumented behavior variable
(as noted in Cameron and Trivedi (2005) as the Wald Estimator based on Wald's
(1940) paper).

J. Huff et al.



τ IV ¼ yz¼1−yz¼0

xz¼1−xz¼0

Two-stage-least-squares

In the parlance of two-stage-least-squares, the first stage estimates

x ¼ azþ ε2

which produces predicted values of bx, namely xz¼1 and xz¼0 where a ¼ xz¼1−xz¼0. The
second stage uses these predicted values in the model

y ¼ bbxþ ε1

hence the name “2SLS.”

Path models

In the below, we show that the IV LATE estimate can also be achieved using path
models estimated with structural equation model software. Essentially, x complete-
ly mediates the relationship between z and y (through model constraints). Path
models estimate constrained covariance structures to sets of variables. We can
visually represent the LATE model with the path model shown in Fig. 4.

In Fig. 4, the two endogenous variables, x and y, are proposed to relate to each
other through two paths. The first is that the predicted value of by is a linear
function of the predicted value of bx, or by ¼ f bxð Þ ¼ bbx. The second relationship is
that the residuals of y, or ε1, are correlated with the residuals of x, or ε2. This
figure also includes a representation of the major reason IV models are sometimes

Fig. 4 Basic LATE path model
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required: there is a relationship between the predictor (which is composed of both
the prediction and residual, x ¼ bxþ ε2) and the outcome residuals from the model,
ε1.

An indicator of the result of random assignment, z, is exogenous by definition and
thus not correlated with the observed outcome, y. However, it is a good predictor of
behavior, x, and thus the third relationship in this model is bx ¼ g zð Þ ¼ az.

Much of the literature on path models (e.g., Davis and Weber, 1985) note that
the total impact of a chain between two variables, say z and y, are the product of
the paths. Thus, the total impact of z on y in this model is the product of the first
path and second path, namely by ¼ f g zð Þð Þ ¼ abz since by ¼ f bxð Þ and bx ¼ g zð Þ.

Two-stage-least-squares and path models

To connect 2SLS and path models, we note that another equivalent parameterization of
this estimate comprises two stages of covariances, namely the ITT impact cov z; yð Þ
¼ yz¼1−yz¼0 and the covariances between behavior x and treatment assignment z,
cov z; xð Þ ¼ xz¼1−xz¼0, namely

τ IV ¼ cov z; yð Þ
cov z; xð Þ

which can be rewritten as

τ IV ¼ f g zð Þð Þ
g zð Þ ¼ ab

a
¼ b

In other words, the path, b, from x to y in Fig. 4 is the IV estimate τIV.

Table 4 Example data

Assigned control Assigned treatment

z x y z x y

0 0 40 1 1 64

0 0 56 1 1 37

0 1 65 1 1 67

0 0 54 1 1 61

0 0 81 1 1 49

0 0 23 1 1 43

0 0 67 1 1 46

0 0 51 1 0 54

0 0 74 1 1 46

0 1 59 1 1 64
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Example

Table 4 provides an example of data to be analyzed such as the above discussion.
Those assigned control have a value of z = 0, and those assigned treatment have a
value of z = 1. The mean of x for the control observations is .2, and the mean of x
for the treatment observations is .9; xz¼1−xz¼0 ¼ :7. The mean of y for the control
observations is 57, the mean of y for the treatment observations is 53.1;
yz¼1−yz¼0 ¼ −3:9. This can be confirmed with the regression.

The ITT impact is thus − 3.9, and the IV impact is τ IV ¼ yz¼1−yz¼0

xz¼1−xz¼0
¼ − 3:9

:7 ¼ −5:571429:
This result can be confirmed by running a model in Stata using the instrumental

variable regression package (ivregress; note the coefficient for x and its
standard error).

We can also fit a path model to estimate this impact, as shown in Fig 5.
The sem procedure in Stata can be used to fit the path model (gsem can be

employed for non-linear outcomes). This produces the same results as the instru-
mental variable regression procedure above; note the output for the coefficient of x
and compare it and its standard error to the output from ivregress.

Also note that the coefficient for z predicting x is xz¼1−xz¼0 ¼ :9−:2 ¼ :7 as
expected.

Fig. 5 Path LATE model on example data
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Appendix 2. Predicted probabilities based on varying levels
of contamination (with 95% confidence intervals)

Proportion of responding officers assigned to wear a BWC

0% 33% 50% 66% 100%

Officer-initiated 11.31% 11.47% 11.56% 11.64% 11.82%

Arrest 26.42% 26.48% 26.51% 26.54% 26.60%

Use of force 0.04% 0.05% 0.05% 0.05% 0.06%

Complaint 0.01% 0.02% 0.02% 0.02% 0.02%

Note: Results based on Model 1 for each outcome, holding all other covariates at their means
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