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Abstract

Can training police officers on how to best interact with the public actually improve their interactions with community members? This
has been a challenging question to answer. Interpersonal aspects of policing are consequential but largely invisible in administrative
records commonly used for evaluation. In this study, we offer a solution: body-worn camera footage captures police-community
interactions and how they might change as a function of training. Using this footage-as-data approach, we consider changes in officers’
communication following procedural justice training in Oakland, CA, USA, one module of which sought to increase officer-
communicated respect during traffic stops. We applied natural language processing tools and expert annotations of traffic stop
recordings to detect whether officers enacted the five behaviors recommended in this module. Compared with recordings of stops
that occurred prior to the training, we find that officers employed more of these techniques in posttraining stops; officers were more
likely to express concern for drivers’ safety, offer reassurance, and provide explicit reasons for the stop. These methods demonstrate
the promise of a footage-as-data approach to capture and affect change in police-community interactions.
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Significance Statement

Police chiefs, city officials, and community leaders alike have highlighted the need to establish respect and restore trust in police—
community interactions. Police departments across the nation have implemented trainings to change the tenor of officer communica-
tion. How can we tell whether these efforts are successful? We use body camera footage to observe how officers communicate with
the public, and how these interactions might change in response to officer training. Using body camera footage as data, we find that offi-
cers communicated more respectfully with drivers after being trained in procedural justice. Our findings illustrate how trainings might
improve police-community conversations, and, more broadly, how body camera footage can be used to affect and measure change.

Introduction

Video recordings have long played a role in bringing the hidden
realities of policing to public light. From camcorder footage of
the beating of Rodney King in 1991 to the cell phone videos and
body-worn camera recordings that captured the killings of Oscar
Grant, George Floyd, Tyre Nichols, and Sonya Massey decades lat-
er, footage of police violence has sparked mass protests and calls

to reform, reimagine, or abolish the police. Critical incidents such
as these are the tip of the iceberg in the long and complex history
of police-community relations, the vast majority of which take
shape out of the public eye. Nearly 18.7 million people are stopped
each year by law enforcement (1). While few of these encounters
garner public attention, these interactions also play an important
role in community members’ perceptions of the police. Those

Received: October 22, 2023. Accepted: May 27, 2024

OXFORD

UNIVERSITY PRESS

Competing Interest: J.L.E. was invited by a federal judge and monitor to serve as a Subject Matter Expert for the Oakland Police
Department’s reform efforts. The assignment began prior to the studies reported here.

© The Author(s) 2024. Published by Oxford University Press on behalf of National Academy of Sciences. This is an Open Access article
distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs licence (https://creativecommons.org/
licenses/by-nc-nd/4.0/), which permits non-commercial reproduction and distribution of the work, in any medium, provided the original

work is not altered or transformed in any way, and that the work is properly cited. For commercial re-use, please contact reprints@oup.-
com for reprints and translation rights for reprints. All other permissions can be obtained through our RightsLink service via the Pe-
rmissions link on the article page on our site—for further information please contact journals.permissions@oup.com.

$20Z 1800100 ZZ U0 Jasn AlisiaAlun piojuels Aq 95595/ //65soebd/6/g/a101ue/snxauseud/woo dno-olwspese//:sdny wolj papeojumoq


https://orcid.org/0000-0001-9704-6133
https://orcid.org/0000-0003-3743-0322
https://orcid.org/0000-0001-6925-4947
https://orcid.org/0000-0002-6459-7745
https://orcid.org/0000-0003-1687-8128
mailto:npcamp@umich.edu
mailto:jleberhardt@stanford.edu
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1093/pnasnexus/pgae359

2 | PNAS Nexus, 2024, Vol. 3, No. 9

perceptions reveal a clear racial divide: less than half of all
Americans, and just over 1in 10 African Americans, express con-
fidence in law enforcement to treat all community members
equally (2).

Today, the bulk of police-community interactions remain out
of sight, not necessarily because they are unrecorded, but because
the footage goes unobserved. With the rapid adoption of body-
worn cameras, contacts between police officers and members of
the public are captured at an unprecedented scale. 47% of US
law enforcement agencies and 80% of large departments had
adopted body cameras as of 2016 (3), with many more acquiring
them in the years since. Despite—or because of—the sheer num-
ber of video recordings agencies produce each day, only a small
subset of these videos are reviewed for accountability or eviden-
tiary purposes.

Yet body-worn camera footage has the potential to serve an-
other end: a source of data. The proliferation of body cameras
means that police interactions can be observed at the scale of
broad agency-wide patterns rather than as single case studies of
isolated incidents. Moreover, the constant stream of footage agen-
cles accumulate provides a means of comparing police encoun-
ters over time. These features make body-worn camera footage
a powerful, but heretofore underutilized, tool to detect changes
in police behavior in response to supervision, policy intervention,
or training.

Police trainings cover a variety of topics, from the tactical use of
force, to the proper way to conduct traffic stops, to the importance
of procedural justice—that is, treating community members with
fairness, respect, and transparency (4, 5). While training programs
seek to affect a wide range of actions, they are commonly assessed
with administrative records, which provide only a coarse measure
of police behavior. Traffic stops that appear identical in adminis-
trative data, for example, can vary widely in the extent to which
officers interacted in a trustworthy or disrespectful manner with
the public, factors that are known to influence community mem-
bers’ institutional trust (6, 7). As a result, behavioral interventions
lack proximate measures of whether they affect change in inter-
personal aspects of police-community relations.

Body cameras provide a clear window onto police-community
interactions as they transpire, filling the gaps in administrative re-
cords. A recording can reveal whether an officer gave voice to a
driver (8), spoke to them respectfully (9), or even used a respectful
tone of voice (10). Until now, these aspects of police interactions
would only be visible in police data if a trained observer accompan-
ied officers on their shifts (11-13): an expensive and logistically
challenging endeavor. The presence of a physical observer can
also itself lead officers to adjust their behavior, posing a challenge
for assessing the effects of any intervention (14). Body camera re-
cordings are less costly to obtain, less obtrusive, and are more scal-
able than ride-along observations. Moreover, these recordings can
be revisited, reviewed, and analyzed for as long as they are stored.

As departments accumulate footage over time, it is also pos-
sible to observe interactions that preceded an exogenous shock,
intervention, or training. How can the possibilities of body camera
footage be harnessed to assess efforts to shift police-community
relations? Here, we employ a footage-as-data approach to examine
changes in officer language following a training conducted by
the Oakland Police Department (OPD) aimed at enacting princi-
ples of procedural justice in routine interactions with the public.
As part of this training, officers were instructed in empirically
backed ways of communicating respect during traffic stops. By ap-
plying computational linguistic techniques to transcripts of offi-
cers’ body-worn camera recordings, we could identify whether

officers used the communication strategies directly targeted by
the training.

Language change following OPD’s
“Procedural Justice in Motion” training

The OPD has operated under a court-ordered negotiated settle-
ment agreement since 2003, the longest federal oversight in the
US history. As part of its negotiated settlement, the OPD was re-
quired toinstitute procedural justice training for all sworn person-
nel, starting in 2014. Oakland is not alone: training on procedural
justice and implicit bias have been “core features” of reform agree-
ments between the Department of Justice and law enforcement
agencies (15). A growing number of agencies, under federal moni-
torship or not, have trained officers on procedurally just policing
tactics in an effort to improve police-community relations.

There is a considerable gap between the prevalence of such
training programs and the evidence for their efficacy, however,
much of which relies on officer self-report (16, 17). Officers may
demonstrate knowledge of procedural justice or implicit bias
(18, 19) on surveys, and may even acknowledge their importance
(16, 20) following training, but those survey responses may not
translate to actual changes in how officers respond in the field.
Where researchers have measured officer behavior in response
to intervention, they have largely relied on distal administrative
measures, such as search decisions (21), use of force (20), citizen
complaints, or behavior in constrained training settings (20). To
date, we know of a single published study (13) that observed po-
lice-community interactions to assess the impact of procedural
justice training on these exchanges. While law enforcement, pol-
icymakers, and, above all, communities have an interestin foster-
ing respectful and fair police-community interactions,
determining what works is challenging, so long as the behaviors
that trainings seek to change are difficult to capture.

Our past work conducted in Oakland has used body-worn cam-
era footage to fill this gap. As part of its monitorship, OPD was re-
quired to identify outside researchers who could analyze
officer-initiated contacts with community members and deter-
mine whether there were significant racial disparities in stop out-
comes. Our research team proposed that the department treat
body camera footage of traffic stops as data alongside traditional
administrative data. We went on to conduct an analysis of body
camera transcripts to identify racial gaps in officer-
communicated respect. Using a combination of thin-slice judg-
ments and computational linguistic techniques, we identified as-
pects of speech that corresponded to perceptions of respect and
disrespect, and found that OPD officers employed more respectful
language with White vs. Black drivers in traffic stops (9).

In response to both community and officer reactions following
the release of this work, OPD leadership sought to address these
disparities during a planned refresher course on procedural just-
ice (the department had been trained on the topic several years
prior). The agency-developed, officer-led training was adminis-
tered over an 8-month period and consisted of five modules that
focused on applying the principles of procedural justice on the
job, in the field, and in the local community. One module of the
training centered on officer communication in routine traffic
stops, which featured the results of our analysis of body camera
transcripts. This module incorporated group discussion about
those results, role-play dialogues illustrating more- and less-
respectful stops, and a recorded interview featuring a member
of our research team and OPD leadership. Our research team as-
sisted the agency in developing the materials for this module.
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Table 1. Linguistic features for detecting training recommendations.

Recommendation Evaluation metric

Examples

Initiate with a greeting Did officer greet the driver or introduce
themselves?
State reason for stop early

on

Offer reassurance
in the interaction?
Express concern for safety
safety at least once in the interaction?
Use formal rather than

informal titles formal titles?

Did officer provide an explicit reason for stop?

Did officer use reassuring language at least once
Did officer express concern for the driver’s

Did officer address the driver exclusively with

“How’s it going? Officer [last name], Oakland Police”

“Hello, good afternoon. Officer [last name] with the Oakland Police”

“Thereason I pulled you overis that left turn back there. Okay? There’s
a no left turn between 4 and 6 PM”

“I stopped you because you- you ran that stop sign”

“That’s okay. Do you happen to have your ID with you?”

“It’s no problem. I'll give you a copy”

“Get home to your family safely. Okay?”

“So anyway, drive safe and, uh, be mindful of where you're going”

“All right, Ms. [last name]. I'm going to go ahead and give you a
warning”

“That’s exactly why we do operations for distracted driving, sir”

Specifically, the module identified five concrete actions officers
could take to communicate respectfully with drivers (see Fig. S1):
(i) beginning a stop by greeting the driver and introducing them-
selves; (ii) explicitly stating the legal justification for the stop early
in the encounter; (iii) expressing concern for the driver’s safety;
(iv) reassuring the driver during the interaction; and (v) using for-
mal rather than informal titles when addressing the driver (see
Table 1, for examples). These particular features were targeted
for two reasons. First, these aspects of communication are based
on the theories of procedural justice and empirically derived from
community impressions of OPD officer language (9). Explaining
the justification for a stop, offering reassurance, or expressing
concern are ways in which officers signal transparency, trust-
worthiness, and esteem for the communities they serve. Second,
they also represent discrete speech acts: linguistic behaviors
that perform a social action in the world (22, 23). Speech acts
are readily accessible to speakers, who can discuss and acknow-
ledge their significance (24, 25). These specific acts were chosen
so officers could easily identify, remember, and implement
them over the course of their shift.

As a source of data, body-worn camera footage captures the
most proximate measure of whether OPD officers put these rec-
ommendations into practice: officers’ language use during actual
encounters. Here, we analyze footage transcripts—using a com-
bination of natural language processing techniques and manual
coding—to understand which specific communication techniques
targeted by the training occur in officers’ language (see Table 1).
As officers were unaware that their recordings were being ana-
lyzed, let alone for the purposes of assessment, we are able to ob-
serve these elements of police communication as they naturally
unfold.

Thus, we can answer two critical questions. First, were officers
more likely to use recommended communication techniques in
posttraining stops? Second, how and for which drivers did en-
counters change? Given the racial disparities that motivated the
development of the training, did the intervention influence officer
communication toward Black community members, or did the
training only improve already-respectful interactions with
White drivers? To find out, we compare the relative prevalence
of the speech acts targeted by the respectful communication
module in footage of pre- and posttreatment traffic stops.

Results

To test whether officers put these recommendations into practice,
we sampled among traffic stops conducted in the period sur-
rounding the intervention. For each stop, we identified the date
in which the conducting officer (i.e. the officer who interacted

with the driver during the stop) participated in the Procedural
Justice in Motion training. We then sampled among pretreatment
stops that occurred in a 4-week window prior to the conducting of-
ficer’s training date (n=313, mean time from training 14.6 days,
SD=7.7 days) and posttreatment stops that occurred up to 4
weeks following the conducting officer’s training date (n=302,
mean time from training 13.8 days, SD = 8.7 days). To avoid having
a small number of officers dominate our sample, we limited sam-
pling to 15 stops pre-/posttreatment from each officer. Our sample
includes traffic stops conducted by 122 officers, with an average of
5 stops per officer (SD =7 stops).

On average, traffic stops were about 10min long (M=
10.02 min, SD=6.64). Almost half of the stops in our sample
were of Black drivers (as recorded by the officer, n = 290), followed
by Hispanic (n=137), White (n=93), and Asian (n=45) drivers,
with 50 drivers marked as “some other race.” Stops sampled in
the pretraining period did not significantly differ from stops in
the posttraining period in duration or outcome (whether the driv-
er received a warning, citation, or arrest), nor in the demographic
compositions of drivers (age, race, or gender) or conducting offi-
cers (years’ experience, number of stops per officer).

Sampled stops were professionally transcribed, diarized, and
timestamped at the utterance level. Based on these stop tran-
scripts, we assess whether officers applied the five communica-
tion strategies recommended in the training module at some
point in the interaction. We detected three of the recommended
acts—express concern for safety, provide reassurance, and use formal
titles—automatically using pattern-based lexicons of relevant
words used in prior research (9). Trained coders manually anno-
tated the beginning of each interaction to extract the additional
two recommended acts, greet the driver and state the reason for the
stop.

Effects of training on communication in traffic
StOpS
We estimate the prevalence of these communication techniques
using generalized estimating equations that account for variance
at the officer level. Specifically, we compare the number of recom-
mended acts occurring between pre- and posttraining stops (ran-
ging from none of the techniques to all five of them), as well as the
likelihood of officers employing each specific technique, the esti-
mated marginal probabilities of which are displayed in Fig. 1.
Officers used at least one of these techniques in the vast major-
ity of stops: in over 99% of interactions throughout the study peri-
od, including over 98% of pretraining stops. Yet, even still,
posttraining we find a statistically significant increase in the num-
ber of these communication techniques used, Wald »°=7.40,

$20Z 1800100 ZZ U0 Jasn AlisiaAlun piojuels Aq 95595/ //65soebd/6/g/a101ue/snxauseud/woo dno-olwspese//:sdny wolj papeojumoq


http://academic.oup.com/pnasnexus/article-lookup/doi/10.1093/pnasnexus/pgae359#supplementary-data

4 | PNAS Nexus, 2024, Vol. 3, No. 9

B=0.27, 95% CI (0.08-0.48), P=0.007. These findings persist con-
trolling for the race and age of the driver, the outcome of the
stop, the patrol area in which the stop was conducted, and
whether the race of the officer was the same as the race of the
driver, Wald y*=7.62, =0.27 (0.10-0.44), P = 0.002.

This represents an increase from about three of these acts per
interaction in the period prior to training to 3.4 acts following it.
This difference was largely driven by an increase in the number
of interactions in which the officer engaged in all five of the tar-
geted speech acts: posttraining stops were over twice as likely to
contain all five b=0.81, odds ratio (OR)=2.25 (1.14-4.44), Wald
7> =5.48, P=0.019.

Beyond these aggregate results, our approach affords a fine-
grained analysis of how officer conversations changed, the results
of which are displayed in Fig. 1. The speech acts targeted by the
training varied in both their general prevalence and in their fre-
quency following the training. In posttraining stops, officers were
more likely to offer reassurance to the driver (b=0.43, OR=1.47
[1.02-2.13], Wald y° =4.15, P = 0.042), express concern for the driver’s
safety (b=0.59, OR=1.81 [1.13-2.90], Wald x*=6.15, P=0.013),
and, marginally, to explicitly state the reason for the stop (b=0.47,
OR =1.60 [0.98-2.60], Wald y*>=3.49, P=0.062). Officers were no
more likely, however, to initiate the stop with a greeting (b=0.15,
OR =1.16 [0.73-1.84], Wald 4°=0.38, P=0.54) or to use formal titles
with drivers (b= 0.06, OR = 1.06 [0.69-1.64], Wald x°=0.08, P=0.78).

Given the racial disparities that motivated the training, did
Procedural Justice in Motion improve officer interactions with
Black community members? Or did it merely improve
already-respectful interactions with White drivers? Our infer-
ences on this question are constrained by both the number of stops
in our sampling frame and the demographic composition of the
drivers stopped. Only 15% of stops in the training period were of
White drivers, reflecting the distribution of stops from which we
sampled. As a result, we are limited in our power to estimate het-
erogeneity in training effects across demographic groups.

With this in mind, there is no indication that White drivers ex-
perienced more positive change overall than Black drivers (8=
0.03 [-0.32, 0.37], Wald =003 P= 0.874). Indeed, the aggregate
treatment effects above were obtained in a sample largely consist-
ing of stops of Black drivers, and the benefits were significant
among this subgroup of community members (8=0.28 [0.04-
0.52], Wald y* = 5.13, P = 0.024). Our findings suggest broad benefits
of the training across demographic groups, but we note one excep-
tion to this pattern: officers were no more likely to use formal titles
throughout posttraining stops of White drivers (b =0.81, OR=2.26
[0.64-6.33], Wald 4> = 2.39, P = 0.122) but were marginally less like-
ly to do so among posttraining stops of Black drivers (b = -0.47, OR
=0.63 [0.36-1.08], Wald y*=2.86, P=0.091; interaction b=1.28,
Wald y*=5.22, P=0.022), a point we revisit in the general
discussion.

Taken together, these findings identify concrete changes in po-
lice-community interactions following procedural justice train-
ing. Using body-worn camera footage to analyze officers’
language, we can specify aspects of these conversations that did
and did not differ. We note that, while modest, these findings
were not transitory: encounters that occurred at the end of the
4-week window were just as likely to show improvement as stops
that occurred the same day as the training.

While these findings speak to changes in traffic stop interac-
tions, the dispersion of stops across officers, coupled with our
sampling limits, constrains our ability toinfer change for the aver-
age OPD officer. Of the 122 officers in the evaluation sample, 45
only conducted a single stop, and 68 were only observed in the

pre- or post-training window. As such, a within-officer fixed ef-
fects model does not demonstrate sufficient evidence of change
b=0.14 (-0.03, 0.31), t=1.56, P=0.118.

Discussion

Video recordings of the police have the power to galvanize protest,
shift public opinion, and affect policy change. Law enforcement
has adopted body-worn cameras, largely in accordance with the
theory of change that they will hold officers accountable and serve
as evidence to judge the appropriateness of their behavior. This
footage can also be powerful in another respect. It can be used
as data to diagnose law enforcement practices that erode commu-
nity trust, inform efforts to address those practices, and help
gauge the effectiveness of those efforts.

The current work demonstrates how body camera footage can
be used to observe and assess changes in policing in response to
intervention, including officer behaviors that are difficult to meas-
ure by other means. Indeed, a question facing efforts to improve
policing and address long-standing racial disparities is how to
measure their efficacy. Applying computational linguistic techni-
ques to body camera footage, we could capture nuances of officer
communication that can matter for community respect and trust,
but are inaccessible in administrative records.

The Procedural Justice in Motion training was particularly
well-suited to this investigation, as it drew on analysis of footage
from the very department it sought to change. Moreover, it ad-
dressed concrete speech acts in officers’ communication, rather
than their upstream attitudes or beliefs. We could thus determine
whether officers employed the specific techniques targeted in the
traffic stop module. Our data suggest that they did so: in stops fol-
lowing the training, officers were more likely to explicitly provide
drivers with the reason for the stop, and expressed greater reassur-
ance and concern toward the driver during the encounter. These
improvements are meaningful in that they occurred in a dataset
composed largely of interactions with Black drivers and in an
agency with a particularly troubled history of police-community
conflict. However, we also acknowledge that these inferences are
limited by the observational nature of the data and the distribution
of stops across officers; more work is needed to establish the causal
effects of procedural justice training for individual officers.

The particular outcomes we measured were tailored to the rec-
ommendations of the training, which were themselves informed
by past studies of officer respect in traffic stop recordings (9).
However, there are any number of feature evaluators may beinter-
ested in observing, some of which may arise late in the assessment
process. A further benefit of these recordings is that they can be re-
analyzedsolongasthey arestored. In the context of the Procedural
Justicein Motion training, forinstance, one might ask whether OPD
officers enacted other aspects of procedural justice in their traffic
stops beyond those specified in the language module, such as giv-
ing citizens a chance to ask questions (as “giving voice” to commu-
nity members is a key tenet of procedural justice). As an
exploratory analysis, we revisited stop transcripts to automatical-
ly label whether the officer elicited questions from the driver they
stopped (e.g. “Do you have any questions for me?”). Controlling for
the same covariates as in the model above, officers were over two
and a half times aslikely to do soin posttraining stops, b = 0.50, OR
=1.65 (1.05-2.59), Wald y* =4.15, P=0.030. This suggests that the
training influenced police interactions beyond the five recommen-
dations of the language module; more broadly, itillustrates the op-
portunities body-worn camera recordings provide for revisiting
interactions that other methods may lack.
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Fig. 1. Comparison of OPD officers’ use of recommended communication strategies in stops occurring within 28 days prior to Procedural Justice in Motion
training or 28 days following. Bars represent estimated marginal probabilities with 95% Cls.

Chief among these is access to a simple, critical, but elusive as-
pect of police encounters: how law enforcement communicates
with the public. Officers speak for the state; their words carry legal
consequences and their language matters for building or eroding
institutional trust. Computational analyses of language have al-
ready been used to understand disparities and develop actionable
insights in other domains as varied as counseling conversations
(26), medical patient survey responses (27), and judicial decisions
(28). Here, we demonstrate how such an approach can inform po-
licing practices as well. The full richness of body camera footage
can be used to examine not only broad constructs such as “re-
spectfulness” in interactions, but also changes in linguistic behav-
iors that constitute them.

These methods also add nuance by identifying where the train-
ing had less impact. For instance, officers began stops by introdu-
cing themselves over 80% of the time in pretraining stops, and
they were no more likely to do so following the training. The train-
ing also may have had unintended effects on officers’ use of infor-
mal titles with drivers, which appeared to increase in stops of
Black drivers. The complexity of the titles feature was mirrored
in posttraining feedback, where some officers commented that
they saw informal titles as a means to build rapport with Black
drivers rather than a form of disrespect. While prior research
found that community members saw informal language as less
respectful (9), the reality may be more complex. Whether “dude”
or “bro” are interpreted as rapport or condescension likely de-
pends on context, which could include the identities of the officer
and driver in the interaction, the circumstances in which those
words are uttered, and whether informality is reciprocated by
the driver (a question we consider in the Supplementary
Material). This question foregrounds the need for future work to
discern the subjective impact of these titles and other linguistic
features, a need particularly acute given the role of race in the in-
terpretation of language (29), and language in the construction of
race (30). A formidable but worthwhile challenge for linguistic
models is to incorporate the nuances of linguistic behaviors in
context, beyond their mere presence or absence in speech.

Another open task is testing whether the changes in police-
community interactions we observed, which were durable in our
sampling period, persist beyond it. Will these changes last? We
know that reductions in complaints from the mere introduction
of body cameras have been shown to persist over time (31); yet,
we also know from existing research on implicit bias

interventions, for example, that the impacts of training can rapid-
ly decay (18, 32). For our particular use case, we believe a close
examination of decay offers rich opportunities: Does decay hap-
pen at the same rate for all of the linguistic gains we report
here? Which gains prove to be especially robust? Could training
be modified to improve robustness? Are follow-up trainings
needed to boost effectiveness? And if so, at what cadence?

Such questions are relevant beyond the specific training we focus
on here; body camera footage could be leveraged to inform and
evaluate a wide variety of interventions, from policy changes for
conducting traffic stops to trainings for community calls for service.
As speech recognition and text-to-speech technology advances, we
expect that these analyses can be made less expensive and more ac-
cessible to practitioners in the future. Future work could apply the
natural language processing approach we employed to randomized
controlled trials in policing, or tailored to specific units, for example.
For police departments and the public to capitalize on these benefits,
however, they must address barriers in implementation, logistics,
and access to body camera footage. The usefulness of body camera
data is contingent on agencies setting consistent policies for camera
activation, officers following those procedures, and an internal pro-
cess for linking footage to administrative records.

Beyond the challenges of accessing recordings, analysts must
attend to the limitations of the footage itself. Body-worn camera
footage can speak to what transpires over the course of police-
community interactions, but it says little about the decisions or
events that precede those exchanges. There are also considera-
tions in how language is mapped onto outcomes of interest, such
asrespector procedural fairness. Proxies by nature introduce chal-
lenges in inference (33), and the extent to which officers’ language
corresponds with drivers’ impressions is an open question. Some
studies have observed correspondence between officers’ commu-
nication and citizens’ impressions of police encounters (34) but
others have found little evidence of generalization (21). Body cam-
era recordings can contribute to these debates as a naturalistic
source of data.

Body camera footage affords stakeholders a chance to better
understand moments that matter in policing: actual interactions
between officers and the communities they serve. An emerging
body of research has used body-worn camera footage as data to un-
cover the dynamics of police-community encounters in traffic
stops (8, 35) disparities therein (9), and their consequences (36).
We add to this work, demonstrating how it can be used as data to
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assess change. The question of how and when police-community
interactions change—or do not change—is more than an academic
one. In recent years, through protest, reform, or training, many
have sought to change the relationship between law enforcement
and the communities they serve. In light of these efforts, body cam-
era footage holds promise as a tool to capture gaps in police inter-
actions, to orient training toward those processes, and to measure
progress in improving them.

Materials and methods

Our studies comply with all relevant ethical regulations and were
approved by the Stanford University Institutional Review Board.
Analyses were conducted on recordings that had been collected
by the OPD in the course of officers’ routine operations. The re-
search reported in this manuscript was fully funded by the John
D. and Catherine T. MacArthur Foundation, at no cost to the
City of Oakland. The research team entered a data usage and re-
search collaboration agreement with the City of Oakland and
the OPD. The agreement included terms for research independ-
ence, publication rights, and data integrity. It also ensured a se-
cure data pipeline to transfer, store, and analyze data, as well as
to anonymize and safeguard confidential data.

Training program

As part of a department-wide initiative, all sworn and nonsworn
staff of the OPD participated in a 4 hour procedural justice train-
ing, Procedural Justice in Motion. The training was deployed
over 41 sessions conducted over an 8-month period (a pilot period
from November to December 2017, followed by the full deploy-
ment from March to July 2018 on which our evaluation centers).
To minimize the impact on department operations, each session
included a cross section of personnel across roles (officers, non-
sworn staff, and department leadership) and division (i.e. within
the same squad). While officers were randomly assigned to train-
ingdates, only 35.8% of officers attended the session to which they
were originally assigned, in part due to the cancellation and re-
scheduling of sessions.

Each training session was led by a pair of OPD trainers. Trainers
were part of a larger team of officer trainers, ranging in rank and
experience level. The five modules of the course consisted of a re-
view of the tenets of procedural justice; how to apply them on the
job, in the field, and in the local context; and actions that
the agency and officers were taking to build connections with
the Oakland community. The training was interactive and scen-
ario based, highlighting local examples and efforts.

One module specifically focused onrespectful officer communi-
cation when interacting with community members as an element
of procedural justice. During this part of the training, participants
viewed scenarios of traffic stop interactions differing in respectful
communication, watched videos of a deputy chief and a member
of our team discussing the research and officers’ questions about
the findings, and had group discussions. Officers were given five
concrete tips for respectful communication several times
throughout the module: to introduce themselves, state the reason
for the stop early in the stop, reassure the driver, use formal titles,
and express concern for the driver’s safety (see Fig. S1).

Sampling and matching stops

We sought to transcribe stops that took place up to 4 weeks prior
to the conducting officer participating in the training and stops
that occurred no more than 4 weeks following the conducting

officer’s training date. Most officers conducted a small number
of traffic stops, while a small number of officers conducted a large
number of stops, differences that could be based in an officer’s
role (e.g. traffic enforcement versus patrol), assignment (e.g. to
an area with a high number of speeding drivers), or use of discre-
tion (e.g. leniency for minor offenses). To prevent high-stop offi-
cers from dominating our sample, we set a limit of 15 stops per
officer in our sampling regime, a constraint which applied to 6
of the 122 officers who conducted traffic stops in this window.

We matched training rosters to stop data via to identify a sam-
pling window for each officer. We then cross-referenced this infor-
mation with body-worn camera metadata to find recordings
associated with each stop, using the stop incident number as a
common identifier. If there was no matching incident number,
we identified the officer’s camera recordings closest in time to
the traffic stop data then manually matched videos to stop data
records. For stops with multiple recordings (i.e. stops with more
than one officer), we manually identified the training status of
the officer who was the primary contact with the driver.

Stops were excluded from transcription for the following rea-
sons: the recording began after the officer’s initial contact with
the driver, the driver and/or officer spoke in Spanish, or the stop
was not conducted for a traffic violation. For officers with >15
stops, we sampled additional stops at random until we ran out
of recordings or reached the limit of 15 stops per officer. The re-
maining recordings were professionally transcribed, diarized,
and timestamped at the utterance level.

Feature extraction and annotation of stop
transcripts

For each stop transcript, we coded the presence or absence of the
five training recommendations using a combination of computa-
tional annotation and hand coding of body-worn camera tran-
scripts. For Greet the driver, express concern for safety, and offer
reassurance, we identified whether the act occurred at any point
in the stop; for state the reason for the stop, we coded whether the of-
ficer explicitly stated the reason for stopping driver; and for use for-
mal titles, we detected whether the officer exclusively used formal
titles to address the driver.

We extracted three of these acts—express concern for safety, offer
reassurance, and use formal titles—using pattern-based approaches
based on lexicons of relevant words used in prior research (see
Table S1). The two remaining acts—greet the driver and state the rea-
son for the stop—were extracted manually, given the substantial
linguistic diversity in how greetings could be expressed and how
the reason for a stop could enter conversation. For example, an of-
ficer could directly state the reason for a stop (e.g. “I'm stopping
you because you were speeding”), or obliquely refer to an offense
(e.g. “Do you know how fast you were driving?” or “What’s the
hurry?”) using a known-answer question to solicit a driver ac-
count (37). We therefore hand coded all interactions for the pres-
ence of explicit reasons, implicit reasons, and the rare cases in
which community members preemptively admit fault.

Trained graduate student coders (blind to whether interaction
was a pre- or posttraining stop) read transcripts up until the point
at which the reason for the stop entered the common ground; that
is, when both parties shared mutual knowledge of why the stop
has occurred (38). Coders annotated any turns in which greetings
occurred before the reason is given, and whether the reasons
were explicitly stated by the officer, provided implicitly, or spon-
taneously mentioned by the driver (e.g. “Sorry, I think I missed
the stop sign there.”).
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To confirm the robustness of our computational and manual
coding, we performed an additional round of hand checks for all
features using a different set of research assistants. The computa-
tional features received F1 scores of 0.99 for use formal titles, 0.89
for express concern for safety, and 0.75 for offer reassurance, the
latter largely due to annotator interpretive flexibility in annotating
reassurance, identifying cases like “I hear you” and “you just can’t
dothat, okay?” asreassurance that our model did not. The human-
annotated features obtained Cohen’s Kappa agreement of 0.98 for
greet the driver and 0.87 for state the reason for the stop.

Computational and hand-coded measurements of the five rec-
ommendations were then aggregated at the interaction level. For
Greet the driver, express concern for safety, and offer reassurance, we
coded whether the act occurred at any point in the stop. For state
the reason for the stop, we coded whether the reason entered the
common ground explicitly from the officer or not. For use formal ti-
tles, we counted how many formal and informal titles occurred in
the stop and coded whether the officer exclusively used formal ti-
tles to address the driver.
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