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Most use-of-force policies utilized by U.S. police agencies make fundamental ordinal assumptions about officers’ force
responses to subject resistance. These policies consist of varying levels of force and resistance along an ordinally-ranked
continuum of severity. We empirically tested the ordinal assumptions that are ubiquitous to police use-of-force force
continua within the U.S. using one year’s use-of-force data from a municipal police department. Applying a quantitative
technique known as categorical regression with optimal scaling we found the assumptions of ordinality within the studied
department’s use-of-force continuum (which is similar to many police use-of-force continua within the U.S.) are not met.
Specifying physical force as a lower’ force option than less-lethal tools is associated with increased officer injury and
decreased subject injury. Our findings call into question use-of-force continua featuring ordinal rankings for varying
categories of less-lethal force.
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Introduction

Most police agencies utilize a force continuum within their use-of-force policies, but the exact configuration of
these continua vary considerably (Terrill & Paoline, 2012b). Use-of-force continua are meant to provide officers
with guidance on how to take progressively forceful action (e.g., officer presence, issuance of verbal commands,
use of physical force, batons, pepper spray, taser, firearms) based on subject resistance. These continua are used
by police departments to specify the highest level of force allowed for a given level of a subject’s resistance
(Crawford & Burns, 1998; Garner et al., 1995). Though the scenarios and actions they are intended to address
are undeniably complex, these guidelines are often presented as if they are explicitly ordinal scales (Terrill, 2005,
p. 110 emphasis added): “Thus, a standard force continuum ordinally ranks varying levels of force and resistance
along a continuum in terms of severity, with the explicit purpose of offering guidance on how to respond to
specific forms of resistance.”

The extreme ends of force continuums — officer presence and deadly force — are universally agreed upon.
However, while officer presence and verbal commands are lower’ levels of force available to officers than dis-
charging a firearm, there is no agreed-upon placement of less-lethal forms of force available to the police —
namely physical force, pepper spray, conducted energy devices (CEDs), and batons — within a force continuum
(Terrill & Paoline, 2012b). Individuals (practitioners and researchers alike) disagree regarding whether striking
someone on the head with a closed fist is a more severe form of force than striking someone on the leg with
a baton. There is also disagreement regarding where to place pepper spray and CEDs on a force continuum,
thereby removing the need for actual use of physical force. These are crucial, reality-based assessments faced
by line-officers and their administrators, and ones that frequently arise because many law enforcement agencies’
force continua situate physical force ‘below’ these less-lethal compliance tools.

Our study aims to test the fit of ordinal use-of-force continua in the context of actual police use-of-force.
Conceptually, a use-of-force policy represents a theoretical model of using force, and it makes sense to compare
theoretical expectations with reality. Using an administrative dataset providing comprehensive coverage from
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a single agency, we provide empirical evidence strongly suggesting that most forms of less-lethal force are con-
ceptually very similar, and those use-of-force continua that place less-lethal force on an ordinal scale are based
on questionable logic. Moreover, while police use of physical force is associated with fewer injuries to subjects
compared with the use of other less-lethal types of force, physical force corresponds with increased injuries to
officers. This presents the question: how should law enforcement agencies (as well as society) balance the risks
to officers or subjects when less-lethal force is used? This question is, in part, answered by use-of-force policies.

The Legal-Policy Dichotomy

The police are the state’s primary agent of coercive force, and the police are often called because someone ob-
serving some event believes that coercive force may be necessary to resolve a problematic situation (Bittner,
1970; Herbert, 2006). Officers are trained and expected to use the amount of force reasonably required to ar-
rest individuals based on the prevailing circumstances. The use of sanctioned violence by the State against its
citizens is in accordance with society’s acceptance of the social contract: people relinquish their individual
right of reparation in exchange for the State’s undertaking of that responsibility (Rousseau, 1762/1968). The
State enacts laws to avoid a state of nature in which society would live in “continual fear and danger of violent
death, and the life of man, solitary, poor, nasty, brutish, and short” (Hobbes, 16572012, p. 102). To ensure that
laws are abided by, the State delegates enforcement responsibility to agents with limited powers (i.e., police of-
ficers). However, to protect citizens from excessive government actions, such as excessive police use-of-force,
accountability mechanisms are both necessary and ubiquitous (Shane & Swenson, 2019).

The two primary accountability mechanisms employed to deter excessive police use-of-force are the redress
of grievances through the legal system and police department use-of-force policies. The most important legal
consideration for police officers charged with using force is the U.S. Supreme Court case Graham v. Connor
(Graham v. Connor, 490 U.S. 386, 1989). The Graham doctrine provides a professional and legal understand-
ing of reasonableness viewed as an objective evaluation of the totality of prevailing circumstances. Under the
Graham scaffolding, the putatively objective evaluation is “..based solely on the objective circumstances of the
event and the conclusion that would be drawn by any ‘reasonable officer at the scene’” (International Associa-
tion of Chiefs of Police (IACP), 2006, p. 2).

Graham (Graham v. Connor, 490 U.S. 386, 1989) provides a general framework for the legal system to
evaluate whether an officer’s actions are “objectively reasonable” based on the circumstances confronting an
officer, not the officer’s subjective intent or motive. More precisely, the legal question is: Given the totality
of the objective circumstances presented to the officer at the scene, would a reasonable officer take the same
actions (Shane & Swenson, 2019)?

The formulation of the reasonable officer standard, however, has remained problematic on several fronts
from Graham'’s very inception (Alpert & Smith, 1994; Terrill & Paoline, 2012b). The definitional ambiguity of
what a ‘reasonable officer’ is, and the quite often-experienced differences between what is deemed reasonable by
police and what is deemed reasonable by the community, are two of the issues often pointed to when discussing
the reasonable officer standard promulgated by contemporary American jurisprudence (Mourtgos & Adams,
2019). In response to both articulated public concerns and to mitigate civil liability, police departments have
developed use-of-force policies to administratively guide their officers on what force (i.e., tactics and weapons)
can be used under specified circumstances. Indeed, law enforcement agencies desiring national accreditation
from the Commission on Accreditation for Law Enforcement Agencies (CALEA), or that follow the guidelines
of the International Association of Chiefs of Police (IACP), must have well-formulated use-of-force policies
that clearly govern use of deadly force, use of less-lethal force, rendering medical aid subsequent to force being
used, training and proficiency with authorized weapons, and reporting and review of use-of-force incidents
(McEwen, 1997).



While police departments’ use-of-force policies invariably incorporate prevailing legal standards (i.e., the
Graham doctrine), they are often more restrictive than legal standards require (Shane & Swenson, 2019). More-
over, these policies are often much more specific and detailed than what is found in case law surrounding police
use-of-force adjudication. Often departmental use-of-force policies address the specifics of how force is to be
used (e.g., how long an officer can allow a CED cycle to continue), whereas case law generally confronts the is-
sues more abstractly (i.e., the ‘reasonableness’ of the situation). As such, while legal standards addressing police
use-of-force are crucial for officers to understand and attempt to follow, their own department’s use-of-force
policy is what generally guides their application of force.

Use-of-Force Continua

As noted above, most law enforcement and corrections agencies within the United States utilize a use-of-force
continuum within their use-of-force policy. Force continua are guidelines that inform officers which type of
force they are authorized to use based on the level of subject resistance experienced in an encounter (Terrill
& Paoline, 2012b). That is, “[fJorce continua include varying levels of resistance and force arranged along an
ordinal scale in terms of the potential severity of harm it presents to the other person” (Terrill et al., 2003, p. 154).
Thus, a use-of-force continuum implies a proportional and incremental response as resistance increases (Terrill,
2005).

The above explanation may leave those who are not familiar with use-of-force continua unclear with pre-
cisely what is meant by ‘proportional’ and ‘incremental’ responses to varying levels of resistance. To answer
this question, we draw primarily from a comprehensive study conducted by Terrill and Paoline (2012b) exam-
ining use-of-force policies developed by U.S. law enforcement agencies. Their study employs responses from a
National Institute of Justice funded survey examining a wide range of police use-of-force issues. The sampling
frame criteria in Terrill and Paoline’s study ensured that police agency selection included more than 90% of all
full-time sworn officers in the U.S. While the generalizability of their results most accurately reflects mid- to
large-size police agencies (50-749 officers and >750 officers, respectively), sufficient responses were obtained
from small-scale police agencies (10-49 officers) to permit broad generalization to U.S. law enforcement. Terrill
and Paoline’s study should be referred to for additional details on the survey methodology.

Subject Resistance

We first examine the matter of the ordinal ranking of subject resistance. Recall that in a force continuum, the
level of resistance experienced by officers is what determines the type(s) of force they are authorized to use.
Table 1 provides the two most common progressions of subject resistance found in Terrill and Paoline’s (2012b)
study.

Table 1 - Progression of Subject Resistance

Progression Percentage of Agencies
Level 1 — Compliant 48.20%

Level 2 — Verbal, passive

Level 3 — Physical defensive

Level 4 — Physical active

Level 5 — Deadly

Level 1 - Compliant 33.20%
Level 2 — Verbal



Table 1 - Progression of Subject Resistance

Level 3 — Passive

Level 4 — Physical defensive
Level 5 — Physical active
Level 6 — Deadly

As can be seen in Table 1, 81.4% of agencies were identified as using one of the two outlined progressions of
subject resistance. The difference between the two sequences is that the most frequently used progression com-
bines verbal and passive resistance into one level, where the second most frequently used progression separates
verbal and passive resistance.

Whereas compliant behavior and deadly resistance are self-explanatory, the other types of resistance require
some clarification. Verbal resistance can consist of either verbal rebuts to commands or verbal threats towards
officers. Passive resistance consists of noncompliance with an officer’s commands without any form of active
or violent resistance (e.g., failing to place one’s hands in the air, but not taking any other actions). Defensive
resistance includes actions such as running from officers or struggling to keep one’s arms from being placed
behind the back for handcuffing. Active resistance consists of assaultive actions such as kicking, punching, or
otherwise using force against an officer. With the establishment of the two most common ordinal rankings of
subject resistance, we examine the ordinal rankings of officer force options. This ordinal ranking of different
force options, as will be seen, lacks the clarity found in the widespread agreement in the ranking of resistance
levels.

Progression of Force

Table 2 provides the four most common permutations of force progression found in Terrill and Paoline’s (2012b)
study. There is much less agreement among agencies with the ordinal ranking of different types of force than
was the case with levels of subject resistance.

Table 2 - Progression of Force

Progression Percentage of Agencies
Level 1 - Presence/Verbal 23.30%

Level 2 — Physical Soft

Level 3 — Pain compliance, physical hard

Level 4 — Impact

Level 5 — Deadly

Level 1 - Presence/Verbal 20.80%
Level 2 — Physical Soft

Level 3 — Pain Compliance

Level 4 — Physical hard, impact

Level 5 — Deadly

Level 1 — Presence/verbal 16.30%
Level 2 — Physical soft, pain compliance
Level 3 - Physical hard



Table 2 - Progression of Force

Level 4 — Impact
Level 5 — Deadly

Level 1 — Presence/verbal 12.50%
Level 2 — Physical soft, pain compliance, physical hard

Level 3 — Impact

Level 4 — Deadly

Much like with levels of resistance, some explanation of force category terminology is beneficial. While
‘presence/verbal’ and ‘deadly force’ is self-explanatory, the other categories are both less intuitive and less uni-
form in placement. ‘Physical soft’ can encompass grabbing, pushing, escort holds, and stabilization techniques;
‘physical hard’ typically refers to punches, kicks, and knee and elbow strikes; ‘pain compliance’ often refers to
pressure point manipulations but may also include use of pepper spray and CED application in ‘stun’ mode
where prongs are not used; and ‘impact tools’ (i.e., batons).

Regarding category placement, some agencies comingle physical force with impact tools. While some place
physical force before impact tools, others distinguish pain compliance from physical force and arrange the
options in various ways between different levels of physical force. To further complicate the picture, as outlined
by Terrill and Paoline (2012b), there is no standard agreement on where less-lethal tools fall in the above force
categories. They found that approximately 30% of agencies place pepper spray in the pain compliance category,
another 29.2% in the physical hard category, and 35.3% in the impact weapons category. Further, approximately
60% of agencies place the CED in the impact tools category, 24.6% place it in one of the physical force categories,
13.1% place it in the pain compliance category, and 2% place it in the deadly force category (p. 48).

Terrill and Paoline (2012b) convincingly demonstrate a lack of consensus among U.S. agencies regarding
where less-lethal force should be placed in a force progression. The impact of this finding is better appreciated
when combining the progression of subject resistance and type of force into a force continuum.

Ordinal Force Continua

Using the national survey of law enforcement agencies within the United States, Terrill and Paoline (2012)
established that a vast majority of police departments utilize linear force continuum designs (73.4%), followed
by a matrix/box method (10.1%) and a circle/wheel-shaped approach (9.3%). A linear design is modeled in the
form of hierarchical steps, and explicitly reinforces the idea of an ordinal ranking with linear progression. A
linear continuum approach relies “first on the officer’s presence to quell a situation, and if that fails, to move to
increasingly severe types of force” (McEwen, 1997, p. 49).

The decision matrix and wheel approaches instruct officers not to assume linear progression (Terrill & Pao-
line, 2012b). While each available option should be considered, when possible, the circumstances, situational
variables, and subject’s actions may, in part or whole, dictate an officer’s immediate use of the highest option pre-
scribed for a given level of resistance. For example, if an officer arrives at the scene of a shooting-in-progress,
they are not required to attempt less-lethal means of force (e.g., pepper spray, baton, CED) before applying
deadly force to prevent further serious injury or death. Even those agencies that use a linear force continuum
design include these instructions. On this point, Terrill & Paoline found that departments that utilize a linear
continuum design include an “out-clause” (p. 52) to allow for officers to match the force used with the resis-
tance being experienced or observed, rather than a requirement to progress sequentially through each step of
the force hierarchy. Regardless of the ‘shape’ (i.e., linear, matrix, wheel) of the continuum, all continua pro-



vide ordinally ranked force options ranked by severity. This is the ‘incremental’ aspect of force continuums
described by Terrill (2005).

Table 3 presents a simplified version of a force continuum, where a given level of force is authorized at a
given level of subject resistance. In this example, for a compliant individual, an officer’s presence and verbal
communication is the authorized level of force. Alternatively, in the situation where an individual is passively
resisting, soft physical force is authorized. Each level of increase in resistance increases the level of permissible
force (as conceptualized in this continuum). This is the ‘proportional” aspect of a force continuum to which
Terrill (2005) refers.

Table 3 - Force Continuum Sample

Level of Subject Resistance Level of Police Force

Level 1 — Compliant Level 1 — Officer Presence/Communication
Level 2 — Passive Resistance Level 2 — Physical, soft

Level 3 - Defensive Resistance Level 3 — Physical, hard/Pain Compliance
Level 4 — Active Aggression Level 4 — Impact

Level 5 — Deadly Force Level 5 — Deadly Force

The progression of subject resistance and progression of police force in Table 3 follows the most widely used
ordinal rankings found in Terrill and Paoline’s (2012b) study. However, note that they observed 123 different
permutations of force progression, ranging from 3 to 9 different levels, and they further observed 23 different
permutations of subject resistance progression, ranging from 3 to 7 different levels. This complexity reinforces
the perception that little agreement exists among U.S. police agencies about which types of less-lethal force are
more severe than others, nonetheless adopting the ordinal assumptions associated with a continuum.

While Terrill and Paoline (2012b) found much consistency across American police agencies in the area of
subject resistance progressions, they found little consistency in the ordinal ranking of force progression. Poor
conceptualization of the various elements of force leads to unending questions for officers, administrators, legal
scholars, and researchers alike. Is striking someone in the head with a closed fist less or more severe than hitting
them in the leg or arm with a baton? Or is it possibly the same level of severity? Is applying pepper spray to
a subject more or less severe than applying a CED? Are they also possibly the same with respect to severity?
Which of the options are more likely to cause injury to subjects, and which results in more extended periods of
pain? Are these outcomes even the right metrics by which to rank force categories?

In the conventional ordinal frame, there are no clear answers to the above pertinent questions. Ordinal
variables require an explicit ordering of the available categories, and with the 123 different permutations of
force progression found across the United States by Terrill and Paoline (2012b), this ordinality assumption may
be questioned. Perhaps some of these less-lethal options, and the differences between them (if any), should be
characterized as nominal rather than ordinal.

In fact, proposed methods of evaluating the reasonableness of a given use-of-force incident are based mainly
on ordinal assumptions, with researchers quantifying a mathematical difference score between the ordinally
ranked resistance levels and force levels found in force continua to evaluate the proportionality of a particular
force incident (Alpert & Dunham, 1999, 2004; Alpert & Smith, 1994; Bazley et al., 2007; Garner et al., 1995;
Hickman et al., 2015; Hine et al., 2018). This particular method is referred to as the force factor’ (Alpert & Dun-
ham, 2004). While utilization of the force factor has shown promise and proven beneficial to police agencies
and researchers alike (Hickman et al., 2015), its measure is derived by explicitly arranging types of force and lev-
els of resistance along an ordinal scale (Bazley et al., 2007). That is, much like use-of-force continua, the method
assumes “a clear and uncontested assignment of actions” to ordinal severity levels (Celestin & Kruschke, 2019,



p- 291). We submit this assumption to empirical testing and investigate the ordinal ranking of less-lethal force
categories. We accomplish this by submitting the model of force continua to CROS analysis, described in some
detail below. Briefly stated, this type of statistical analysis allows us to place various force options that are plau-
sibly nominal variables on a hypothesized interval scale. By doing so, we can test for statistical differentiation
between and among force categories. These empirical results will allow us to address the conceptual ambiguity
noted above with respect to use-of-force ordinality.

Research Proposition and Hypotheses

From the literature reviewed above, we are able to derive one testable research proposition and two hypotheses.
The research proposition pertains to assumptions of ordinality in use-of-force continua. The two hypotheses
pertain to the use-of-force continua viewed as policy tools employed to reduce injuries to subjects of arrest and
police officers. Based upon the findings of Terrill and Paoline (2012b), and our conceptual reasoning outlined
above, we propose that less-lethal options are not true ordinal variables, and are more appropriately considered
nominal categories. The existence of widespread variation in force progressions across the U.S. demands that
greater clarity be brought to this area of policing (Thomas et al., 2010). The research proposition in question is:

Research proposition: Less-lethal force continua are better framed as having nominal properties rather

than ordinal properties.

We test this proposition and follow with two testable hypotheses in order to assess the practical utility of the
initial guidance from the research proposition. To that end, we examine whether different types of less-lethal
force result in more or fewer injuries to officers and subjects. Some research finds that the use of physical force
results in an increased propensity for injury to both officers and subjects (Stroshine & Brandl, 2019). Other
research conducted across several police agencies finds that use of CEDs and batons results in suspect injury
as often as physical force, and the occurrence of injury to officers using a baton is similar to the use of physical
force. However, once other factors are controlled for (i.e., subject race, sex, age), only use of pepper spray and
physical force reduces subject injury at statistically significant levels. In contrast, use of CEDs, pepper spray,
and physical force reduce officer injury at statistically significant levels (Taylor et al., 2009). Additional research
finds that use of CEDs increases the risk for subject injuries (Terrill & Paoline, 2012a).

Different definitions of injury can largely explain these mixed findings. For example, in some agencies,
when a subject experiences pepper spray, the resulting irritation and temporary pain is the documented injury.
Similarly, the successful application of a CED almost always results in either small probe lacerations or burn
marks. While some argue against classifying these outcomes as an injury, others advocate for their inclusion
(Terrill & Paoline, 2012a). The studied department requires documentation of an ‘injury’ whenever an action is
taken that results in, or is alleged to have resulted in, injury. This includes a complaint of injury by a subject, ex-
cluding minor discomfort resulting from the application and general wearing of handcuffs. Accordingly, probe
lacerations or burn marks resulting from CED use counts as an injury within the present analysis. Addition-
ally, pain and irritation resulting from application of pepper spray is also considered to be an injury. Whether
one classifies these outcomes as a legitimate ‘injury’ or not affects the interpretation of our results and should
be kept in mind. However, this limitation is not disqualifying for the present study, as our aims were not to
model the phenomenon of injury generally, but rather examine whether the main focus of study (the question
of ordinal force rankings) has practical utility.

Recall that the reasoning underpinning ordinal force continua is for proportional and incremental
responses to increases in resistance (Terrill, 2005). However, if less-lethal force options do not consist of a
true underlying ordinal structure, and certain force options cause more or less injury in a manner that is out
of sync with how a given force continuum is conceptualized, then there exists good reason to question the



ordinal ranking of less-lethal force categories within a use-of-force continuum. For example, physical force
is consistently placed below other non-lethal categories of force (Alpert & Smith, 1994; Terrill, 2005), yet the
use of physical force has, at times, been shown to result in injury more often than other non-lethal categories
(Stroshine & Brandl, 2019; Taylor et al., 2009). This underlying tension between goals and outcomes prompts
two related hypotheses:

H,: Use of physical force is associated with higher rates of injury to police officers than the use of

other forms of less-lethal force.

H,: Use of physical force is associated with higher rates of injury to subjects than the use of other

forms of less-lethal force.

Data

The data for this study were obtained from a municipal police department in the United States. The agency
provides full-spectrum policing services to an estimated 200,000 residents living in a mixed urban core and
suburban service area environment. The department employs approximately 600 sworn officers.

Officers at the studied department are required to report every instance where force is used, regardless
of whether injury occurred or not. Use-of-force is defined by agency policy as “the application of physical
techniques or tactics, chemical agents, or weapons to another person. It is not a use-of-force when a person
allows him/herself to be searched, escorted, handcuffed or restrained.!” Further, any time an officer “draws a
firearm and acquires a target (i.e., person),” (meaning the firearm is pointed directly at an individual rather than
being unholstered or held at the low-ready) it is considered a use-of-force incident.

Officers enter the details of their use-of-force incidents into the agency’s electronic use-of-force manage-
ment system. The information officers are required to enter into the management system includes: 1) the type
of force used; 2) the type of resistance experienced (i.e., compliant, passive resistance, defensive resistance, ac-
tive aggression); 3) race of subject; 4) sex of subject; 5) subject injury; and 6) officer injury. Upon submittal of
a use-of-force report, the report is reviewed and approved by a sergeant. Further, if a subject is injured during
the use-of-force incident, the sergeant is required to examine the accompanying body-worn camera footage.

In 2018, there were a total of 720 incidents that involved use-of-force as defined. Four of those incidents
included the use of deadly force, which were excluded from this study as our purpose was to examine the ordinal
nature of less-lethal force. With those four cases excluded, 716 use-of-force incidents are included in the study.

Variables

The two primary variables of interest in this study are the type of less-lethal force used by officers, and the
degree of resistance provided by subjects. Both variables are central to this study because we are attempting to
ascertain if the type of less-lethal force used by officers is arranged in a statistically ordinal manner based on
the force continuum used by the department in question. The types of less-lethal force authorized for use by
officers at the studied department include: pointing a firearm at a person, physical force, pepper spray, baton,
CED, and discharging a firearm. Following past research designs, only the most serious type of use-of-force
and level of subject resistance reported by an officer in a given incident were used in the analyses of these data
(Alpert & Dunham, 1997, 1999; Bazley et al., 2007, 2009; Garner et al., 1995; Garner & Maxwell, 1999). Like
this past research, it was not uncommon to find physical force used in conjunction with another less-lethal

"The studied department’s definition of “use-of-force” inevitably leads to some ambiguity for officers and their decision regarding
whether ‘force’ needs to be reported. For example, if an officer has to tighten their grip while escorting someone in a come-along hold
because the subject flinches or tenses up, does a use-of-force need to be reported? While this is a limitation in virtually all use-of-force
research utilizing administrative data, we recognize this measurement issue when interpreting our results.



weapon. While theoretically possible for officers to employ multiple types of less-lethal weapons in the same
incident (e.g. baton and CED), we did not note any such occurrences within our dataset. The most serious type of
force used within an incident was decided by using the studied department’s ranking in their force continuum
(described below). Accordingly, if only physical force was used during an encounter, physical force was used
in the analysis. If a CED was deployed, and physical force was also used, the CED deployment was used in the
analysis.

Similar to most U.S. police departments, the studied department utilizes a force continuum. The depart-
ment’s ordinal rankings of corresponding force and degrees of resistance are reported in Table 4.2

Table 4 — Force Continuum from Studied Department

Level of Subject Resistance Level of Police Force

Level 1 - Compliant Level 1 - Officer Presence/Communication
Level 2 — Passive Resistance Level 2 — Physical, soft/Pain Compliance
Level 3 — Defensive Resistance Level 3 — Physical, hard

Level 4 — Active Aggression Level 4 — Intermediate Weapons

Level 5 — Deadly Force Level 5 — Deadly Force

Recall that departments vary across the country with what types of force they place in force categories (i.e.,
locating pepper spray in the pain compliance category versus the impact weapons category). At the studied
department, a physical, soft category includes pushing, grabbing, pressure points, immobilization techniques,
and escort techniques. A physical, hard/pain compliance category includes punches, kicks, knee/elbow strikes,
and take-downs. Finally, an intermediate weapons category includes baton, pepper spray, and CED.

Similar to three of the four most common permutations of force progression found in Terrill and Paoline’s
(2012b) study, the studied department ordinally ranks both types of physical force below intermediate weapons.
This is an important consideration, as the department’s use-of-force management system only offers ‘physi-
cal force’ as a reporting category, rather than dividing reporting options into physical, soft and physical, hard.
While this limits our ability to examine the ordinal ranking of the two types of physical force, we can still analyze
if physical force generally has an ordinal relationship with all other types of less-lethal force.

The types of resistance officers can report in the use-of-force management system include compliant, psy-
chological intimidation, verbal threats, passive resistance, defensive resistance, and active aggression. While
providing officers the option of reporting ‘psychological intimidation” and ‘verbal threats, the studied depart-
ment categorizes both resistance types within their force continuum as passive resistance. As such, psychologi-
cal intimidation, verbal threats, and passive resistance were all collapsed into one variable of passive resistance.

It is not uncommon to find resistance level information missing from officers’ reports when conducting
use-of-force research. Of the 716 use-of-force instances reported during the study period, 26 entries (4%) had
missing information on subject resistance. This is well below the percentages found in other related research
(Bazley et al., 2007). As such, our total sample was reduced to 690 occurrences. Table 5 provides the descriptive

?Just as the studied department’s definition of “use-of-force” inevitably leads to some ambiguity for officers and their decision re-
garding whether ‘force’ needs to be reported (see footnote 1), there is also inescapably some ambiguity regarding the differentiation
between defensive resistance and active aggression. This, of course, may lead to some ‘grey’ areas regarding demarcation between use
of level 3 and level 4 force types. For example, when someone is defensively resisting by struggling to keep their arms from being placed
behind their back for handcuffing purposes, they may be striking officers with their elbows during the struggle, thus prompting the
officer to perceive active aggression. With this in mind (and while changes have occurred in the studied agency’s use-of-force policy
across the past several years), during the time period studied, CEDs were only authorized for use if a subject was being assaultive, and
pepper spray was only authorized for use when faced with violent behavior. Again, these ambiguities are a limitation in virtually all
use-of-force research utilizing administrative data, and we recognize this measurement issue when interpreting our results.



statistics for the type of force used, resistance level experienced, and injuries to both officers and subjects. Table
6 provides a cross-tabulated view of what types of force were used in response to different levels of resistance.’
Note that the majority (72.5%) of force used within our sample is categorized as physical force, confirming pre-
vious research that physical force is the category of force most often used by police (Stroshine & Brandl, 2019;
Torres, 2018). This finding further reinforces the theoretical contribution of investigating the empirical ordi-
nality of police use-of-force. Moreover, the large discrepancy of physical force over less-lethal tools suggests
that officers within the studied department largely follow the agency’s use-of-force policy, where physical force
is ranked below less-lethal tools. This is congruent with findings that officers are responsive to agency policy
making (Mummolo, 2018).

One challenge that exists for this dataset is the mismatch in size between use-of-force categories. Specifi-
cally, while there are 500 data points coded as physical force, there are only 13 data points coded as pepper spray,
and even fewer for the use of a baton. While this does mean that the sampling error is larger with respect to
the smaller categories (Pitard, 2019), it does not mean that conclusions cannot be drawn from the comparisons.
This is primarily because the goal of this research is to study the entirety of the less-lethal use-of-force spectrum,
and therefore the smaller subsets must be interpreted in relation to the broader context of the continuum. As a
result, any robust conclusions that are drawn from this dataset must be applied to general use-of-force and not
any one specific category of force operating in a vacuum. Moreover, we argue that it is vital to ensure that the
dataset reflects reality as closely as possible. Having a sample that approximates the correct proportion of the
types of force used, even though some types of force are rare, takes precedent over having an equally balanced
(and unrealistic) dataset.

Table 5 — Descriptive Statistics

Variable Coding N %

Force Type 1 = Display Firearm 129  18.70%
2 = Physical Force 500 72.50%
3 = Pepper Spray 13 1.90%
4 = Baton 3 0.40%
5=CED 45  6.50%

Resistance 1 = Compliant 103 14.90%

2 = Passive Resistance 123 17.80%
3 = Defensive Resistance 255 37%
4 = Active Aggression 209  30.30%

Officer Injury 1=No 635 92%
2 =Yes 55 8%

Subject Injury 1=No 566 82%
2 =Yes 124 18%

3Upon examining Table 6, one may note that approximately 4% of recorded use-of-force occurrences would be considered out
of policy. For example, there are four documentations of physical force being used on compliant subjects and four documentations of
pepper spray being used on passively resisting subjects. With the data available, it is impossible for us to determine if these discrepencies
are based on the inevitable ambiguity between some levels of resistance (as explained in footnote 2), data entry errors, or legitimate
policy violations.
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A final note about our core variables: pointing a firearm at a person is considered a use-of-force by the stud-
ied department. However, pointing a firearm at a person is not explicitly ranked within their force continuum.
Pointing a firearm at a person may be reasonably used across various resistance types, and pointing a firearm is
considered good practice in situations where no actual subject resistance is offered. This reality is, perhaps, why
pointing a firearm is not explicitly ranked within the force continuum. For example, across the United States,
officers conduct ‘high hazard’ traffic stops with their weapons drawn and pointed at subjects. This course of
action is taken in situations such as pulling over an individual in a stolen vehicle, or where the occupants of a
vehicle have been reported to have committed a crime with a firearm. The occupants may be fully compliant
during the traffic stop but will still have firearms pointed at them until they are safely taken into custody. On the
other end of the possible spectrum, an individual may be assaulting an officer or someone else (either physically
or with a weapon) to the point where serious bodily injury or death may occur. In this instance, an officer may
point a firearm at an individual to get them to stop the assaultive behavior.

Table 6
Cross Tabulation of Force and Resistance
X1 Compliant Passive Resistance Defensive Resistance Active Aggression
Display Firearm 99 22 6 2
Physical Force 4 92 230 174
Pepper Spray 0 4 5 4
Baton 0 0 3
CED 0 5 14 26

While most less-lethal use-of-force research omits firearm pointing from analysis, pointing a firearm at an
individual is considered a use-of-force by the studied department. As such, it is included in our analyses, and it
allows us the opportunity to examine its location in the force continuum. Conceptually, we posit that pointing
a firearm at a person lies toward the bottom of the less-lethal options in the force continuum because, while
indeed intimidating, actual physical force is not used, and injury does not occur. Axiomatically, if a firearm
was used (as it was four times during the study period), the incident was dropped from our analysis of physical
and less-lethal force. We recognize that this conceptualization is not without controversy among use-of-force
scholars. However, in the current study, we must match agency policy to the study’s structure in order to test
the underlying ordinality. We therefore deliberately sidestep debates on whether firearm display or pointing
‘counts’ as a use-of-force — in the studied department, the policy framework assumes as much, and so a study
of that policy must assume the same structure.

Analysis

Categorical Regression with Optimal Scaling

Social science research relies on non-interval data. Observations are often quantified on ‘scales’ with uncertain
units of measurement; frequently, the zero points of the scales are unknown; and the ordering of scale cate-
gories is regularly assumed rather than verified (Meulman, 2015; Shrestha, 2009). This immediately poses a
challenge from a mathematical perspective, as statistical manipulation of data must follow a basic principle of
conservation of information; no model applied to create such ordinal scales can provide additional information
without making constraining assumptions. Categorical regression with optimal scaling (CROS) is a relatively
recent advance in scaling statistics that attempts to address the above-mentioned concerns when working with
categorical data. The method results in quantified categorical variables with interval scale values for each cat-

11



egory of every variable, allowing them to be ‘optimized’ with respect to the regression. That is, the method
creates an estimation of parameter sets for each distinct class such that one coefficient is estimated for each
category within a variable. This is an omnibus scaling method across variable types, and simultaneously scales
nominal, ordinal, and numerical variables, treating quantified categorical variables in the same way as interval
variables (McCormick et al., 2017; Shrestha, 2009).

The categorical regression process maximizes the squared correlation between the transformed dependent
variable and the predictor variable(s). This method is a modified version of a traditional least-squares optimiza-
tion strategy, creating conventional linear regression fit lines while providing a framework in which to give the
nominal variable the best chance at being ordinal. In other words, CROS maximizes the correlation between
the dependent variable and the weighted summation of the independent variables, with the resulting coefficient
values assuming the best possible ordinal structure (Shrestha, 2009). As a result of this maximization process,
interval scale values are assigned to each variable to account for as much variance as possible in the dependent
variable. The interval scale values for each category of every variable are referred to as ‘quantification scores.
It is these quantification scores that are used in the linear regression analysis. Regardless of whether a vari-
able is nominal or ordinal, categorical regression transforms the scores for each variable such that variables are
measured on an interval scale and can be used in linear regression (McCormick et al., 2017).

It is important to note that the least-squares method that is used for optimization, in this case, is only one of
awide selection of strategies that can be used to optimize results. More formal mathematical structures focused
on optimization are reliant on the use of ordinary differential equations (ODEs) or partial differential equations
(PDEs), which would necessitate the a priori assignment of differentiable functions to curve fit the data before
analysis (Chong & Zak, 2013; Granville et al., 1941; Rogawski, 2011). Regularly, these functions can be drawn
from families of functions, such as the commonly used Bernstein polynomial basis (Farouki, 2012). While an
ODE/PDE approach is more conventional, the structure of our data makes the least-squares approach the best
method of limiting the number of assumptions that must be made.

In situations where the outcome variable is nominal, binary or multinomial logistic regression is generally
recommended; when a dependent variable is ordinal, linear regression or logistic regression is typically used
(McCormick et al,, 2017). However, the ability to leave variables in their original categories and still employ
them directly in linear regression without violating the assumptions for linear regression is promising for the
meaningful, easily interpretable results. Where analysis of datasets comprised of nominal, ordinal, and numer-
ical data is required, CROS may be preferred over general linear models because it allows both nominal and
ordinal variables to be used directly in linear regression models (Adewale et al., 2019). Beyond the obvious ben-
efit of being able to analyze data at any level of measurement, CROS also reduces multicollinearity and models
nonlinear relationships. This is possible because categorical predictors receive a different score for each variable
category rather than one coefficient for the variable as a whole (McCormick et al., 2017).

To date, no study in policing research has employed CROS that we are aware of, but the method has been
successfully used in studies related to business (Figini et al., 2010), environmental design (Adewale et al., 2019;
Kwon et al,, 2019), and health (Shrestha, 2009). Moreover, the concept of least squares optimization has existed
for centuries, being first defined by Gauss in the 18th century (Bretscher, 2012). This analytical technique holds
promise for policing studies in which categorical variables (such as types of force) are prevalent, and scaling is
uncertain, as in this study.

Results

Our analysis proceeds as follows. First, we regress the type of force used on the resistance level. This allows us
to explore the ordinal conditions of less-lethal force types, thus providing statistical evidence of whether the
studied department’s force continuum is genuinely based on an ordinal scale as intended, or is more consistent
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with nominal force categories, as posited in our research proposition. Second, we examine how each less-lethal
force type affects injury rates for officers and subjects. Finally, we control for theoretically relevant variables in
our original bivariate regression as a robustness check.

Force and Resistance

We begin our analysis by regressing the type of force on the resistance level using the CROS method. In this
analysis, based on the above discussion, the force variable is defined as a nominal scale, and the level of re-
sistance is defined as an ordinal scale. Since at least one of our variables is coded as a nominal-level vari-
able, we use a random initial configuration (McCormick et al., 2017). The regression is statistically significant,
F(3,686) = 578.61,p < .001. The R? for the regression is .72, indicating subjects’ resistance levels account
for alarge portion of the variance in the type of force used; this is what one would expect if officers’ use-of-force
is based on the level of resistance being experienced. This method transforms and standardizes the values of
the variables, and so only beta coefficients are provided. The beta coefficient for level of resistance = .847. A
thorough description of all regression model results are included in Table 7 below.

More interestingly for our purposes, we examine the transformed scores for the different types of force.
Recall the transformed scores are the interval scale values assigned to each variable and take into account the
relationship between the predictor and outcome variable. This allows us to scrutinize whether the different
force types are indeed ordinal, as conceptualized within force continua. As seen in the top panel of Figure 1,
some ordering is inherent in the force progression, but it is not ordinal in the manner outlined in the studied
department’s force continuum, thus supporting our research proposition. To that point, pepper spray is lower
on the interval scale than physical force, and there is a clear separation between baton and CED. If there were a
true underlying ordinal ranking that aligned with the conceptualization of the department’s force aspect of the
force continuum, physical force would be below pepper spray, and all intermediate weapons would be more
similar than observed here. Further, Figure 1 confirms our discussion that firearm display is at the bottom of
the force type progression. The bottom panel in Figure 1 also demonstrates the department’s conceptualization
of resistance levels is indeed ordinal.
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Figure 1: Transformed Quantification Scores for Force Type
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Having demonstrated that the force categories within the studied department’s force continuum are not ordinal
as optimally conceptualized, an essential related inquiry is whether specific categories of force are associated
with more or fewer injuries to officers and subjects.” If physical force, for example, (which is the lowest force op-
tion on the studied department’s force continuum but above pepper spray empirically) is associated with more
injuries than the use of pepper spray when scrutinized statistically, then perhaps the studied police department
should consider reevaluating their force continuum.’

We examine this question by first regressing officer injuries on type of force and level of resistance with the
same technique previously outlined. The regression is statistically significant, F'(6,683) = 6.999,p < .001.
The left-hand panel of Figure 2 indicates that using physical force is associated with an increased likelihood
of officer injury compared to pepper spray, baton, or firearm display. Keep in mind that this is the case after
controlling for the level of subject resistance.

“Due to administrative data limitations, we are only able to measure injury with a dichotomous variable (injured or not injured).
While this does not allow for a fuller accounting of what types of force are associated with more severe injury for officer or subject, it
still allows us to examine the primary relationship between injury and type of force used.

SWe recognize that our analysis cannot fully establish causality between type of force and injury. Based on data limitations we
cannot account for the temporal order of behavior within a use-of-force incident, nor can we account for what type of force resulted
in an injury if more than one type of force was used. Our analysis does, however, allow for an examination of association between the
highest level of force used in an incident and officer and subject injury.
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Figure 2: Transformed Quantification Scores for Resistance Type
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Curiously, CED use is the highest quantified injury score. This finding runs counter to expectations because
CEDs are intended to reduce the need to engage with a resisting subject physically, and have been found in
previous research to reduce officer injury (Paoline et al., 2012; Stroshine & Brandl, 2019; Womack et al., 2016).
Due to this conceptual and empirical inconsistency, we examined closely the cases in which a CED was used.
We found that in many instances of CED use, the devices were unsuccessful, resulting in an officer having to
return to the use of physical force. It is at this point that injury typically occurred. We recoded these instances
of unsuccessful CED use to physical force and reran the officer injury regression. Again, the regression was
statistically significant, F'(6,683) = 7.089, p < .001. Moreover, once the CED inconsistency is accounted for,
it is clear that physical force, when controlling for subject resistance, is much more likely than other less-lethal
options to be associated with officer injury, thus supporting hypothesis 1 (see the right-hand panel of Figure 2)°.
This finding is in line with previous research that found when CEDs are used alone, officer injuries decrease;
when CEDs are used in combination with other types of force, the probability of officer injury increases (Paoline
etal., 2012)

The association between type of force and officer injury may not parallel the association with subject injury.
Moreover, officer injury is not the only outcome to which one should attend when considering use-of-force
continua. To examine the likelihood of subject injury as a function of type of force, we regressed subject injury
on type of force used and level of subject resistance. The regression was statistically significant, F'(7,682) =
17.400, p < .001. When quantification scores are transformed (Figure 3), we observe that subject injury is more
likely when less-lethal tools are used in comparison to physical force, thus failing to support hypothesis 2 (this
remained true even when we ran the regression with the adjustment mentioned above for CED deployment).

®Recall, this interpretation is made with both types of physical force (physical, soft; physical, hard) combined due to data limitations.
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Figure 3: Quantification Scores for Officer Injury
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Robustness Check

Finally, due to recurrent concerns about demographic factors influencing police use-of-force (Shjarback & Nix,
2019), we conduct a robustness check of the analysis by including subject race and sex as control variables into
our original regression. Due to the non-reporting of sex and/or race information for 100 cases, our number of
observations is reduced to 590. When these control variables are included, the regression remains statistically
significant, F'(11,578) = 122.567,p < .001. Further, the amount of variance explained in the dependent
variable is not improved by including the control variables (R? = .70). Finally, the ordering of force type
severity remains largely the same, with the sole exception of the distance between baton and CED decreasing

(see Figure 4).
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Figure 4: Quantification Scores
for Officer Injury with CED Adjustment
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Conducting the same robustness check for the injury regressions, we find no substantive changes. All mod-
els (i.e., officer injuries and subject injuries) remain statistically significant, with quantification score direction
and order unchanging. All regression model results are included in Table 7.”

Table 7
Regression Models
DV! V2 Beta® Bootstrapped (1,000) SE ~ R2
Force Model Resistance  0.847 0.024
0.72
Officer Injury Resistance ~ .217%** 0.034
Force Type .068*** 0.023
0.06
Officer Injury with CED Adj. Resistance = .222%** 0.035
Force Type .072%** 0.019
0.06
Subject Injury Resistance ~ .180%*** 0.043
Force Type .292%** 0.043
0.15
RC: Force Model Resistance ~ .838*** 0.027
Race .037* 0.025

"Note that all standardized coefficients are positive in all models, confirming that higher quantification scores are associated with

increased force severity.
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Sex 0.01 0.012

0.70
RC: Officer Injury with CED Adj. Resistance  .225%** 0.037
Force Type .083*** 0.024
Race .108#*¥* 0.037
Sex .099%** 0.033
0.08
RC: Subject Injury Resistance  .214%** 0.042
Force Type .270%** 0.045
Race 085 0.033
Sex .100** 0.035
0.17

'DV =Dependent Variable; RC = Robustness Check
21V = Independent Variable
3Significance levels reported at *p <U+F0A3> .05; **p <U+F0A3> .01; ***p <U+F0A3> .001.

Discussion

The vast majority of police agencies utilize a force continuum within their use-of-force policies (Terrill & Pao-
line, 2012b). Use-of-force continua are meant to provide officers with policy guidance on utilizing progres-
sively increasing categories of force based on subject resistance. “Thus, a standard force continuum ordinally
ranks varying levels of force and resistance along a continuum in terms of severity, with the explicit purpose
of offering guidance on how to respond to specific forms of resistance” (Terrill, 2005, p. 110).

Despite widespread use-of-force continua by law enforcement agencies, little research has been conducted
on whether the empirical rankings of type of force used in the continua match the assumptions of ordinality.
This gap is somewhat surprising as proposed methods of evaluating the reasonableness of a given use-of-force
incident are based mainly on the ordinal assumptions within use-of-force continua (Alpert & Dunham, 1999,
2004; Alpert & Smith, 1994; Bazley et al., 2007; Garner et al., 1995; Hickman et al., 2015; Hine et al., 2018). Our
analysis suggests that these ordinal assumptions are not met and that “in actuality [force continua] are ordered
categories that do not contain information about the distance between levels of force nor about differences
within categories” (Celestin & Kruschke, 2019, p. 291). If the conceptualized ‘rankings’ of force within these
continua are having adverse effects, essential policy questions arise. As discussed at the outset, no agreed-upon
placement of less-lethal forms of force available to the police exists (Terrill & Paoline, 2012b). Our findings pro-
vide insight into the outcomes associated with less-lethal force and physical force and contribute to meaningful
policy discussions within policing and the broader criminal justice discipline.

The analysis reported here complicates the assumptions of ordinal progression of less-lethal force found in
many police agencies’ use-of-force continua. Our findings mirror recent evidence that lay people also do not
well-distinguish between different types of less-lethal force (Celestin & Kruschke, 2019). As with three of the
four most common permutations of force progression found in Terrill and Paoline’s (2012b) national study of
use-of-force policies, the studied department ordinally ranks both types of physical force below intermediate
weapons. Yet, when subjected to empirical examination, pepper spray scores below use of physical force, and
dimensionally, very little separates the use of physical force, the use of a baton, and the use of CEDs. Based on
the analysis, it may be prudent for agencies to consider authorization of the use of pepper spray before physical
force in their use-of-force policies.

Police agencies, however, do not exclusively take into account the severity of force categories within their
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force continuums. Bound by the realities imposed by constitutional liberties and tort claim exposure, they must
also consider the potential for injury resulting from the use of force by police. When examining the type of
force used and its association with officer injuries, while controlling for subject resistance levels, the likelihood
of officer injury is significantly reduced when less-lethal options other than physical force are employed. This
finding is supported by prior research that also found that physical force is the category most likely to result in
officer injury (Stroshine & Brandl, 2019).

However, the opposite outcome was found for subject injuries — the likelihood of injury increased with the
use of less-lethal tools other than physical force. One must note, however, that for some types of less-lethal
force, subject injury is assumed and part of the very definition of that type of force. For example, when a
subject experiences pepper spray, the resulting irritation and temporary pain constitute the documented (by
policy) injury. However, this injury is transitory and does not entail lasting effects. Indeed, it has been argued
by some scholars that pepper spray should be placed low on the force continuum because it does not show a
propensity for serious medical injury (Lumb & Friday, 1997). Another example in this frame is that of injury
related to CED use. The successful application of a CED almost always results in either small probe lacerations
or burn marks. Again, the resulting injury to the subject of arrest is part of the very definition of that type of
force but is short-lived and does not have a lasting effect. While some argue against classifying these outcomes
as an injury, others advocate for their inclusion (Terrill & Paoline, 2012a)®. Regardless, it seems uncontroversial
when examining the trade-off between officer injury and subject injury for a particular less-lethal tool, that an
individual evaluation should be made about the type of injury most likely to occur. While outside the scope of
this paper to analytically consider injury type and severity, this is an area ripe for future research building on
the findings presented here.

This study has implications for a variety of unanswered questions. How have police agencies determined
where different types of force should be located within their force continua? Are these decisions based on per-
sonal preferences of agency administrators? Are these decisions based on lawsuits and other liability exposure?
Do newer less-lethal tools get placed higher on the continuum as they are introduced to the policing industry
because they are new and therefore perceived as a more ‘serious’ force option (i.e., CED)? This last possibility
merits serious consideration as we reviewed the history of the introduction of pepper spray and CEDs to the
field of policing (Haskins, 2019a, 2019b; Lumb & Friday, 1997; Thomas et al., 2010).

Another possibility is an inherent desire for police agencies to avoid the optics of their officers using such
‘weapons’ because of public relations concerns, as well as worries of overuse (Thomas et al., 2010). Research
consistently demonstrates that subject resistance tends to be higher than the levels of police force employed
(Alpert & Dunham, 2004; Bazley et al., 2007). This outcome (based on use-of-force policies and the force con-
tinua within them) may be by design, however, as the primary purpose of use-of-force policies is to ensure that
the minimum amount of force is applied, regardless of whether greater force could have been used (McEwen,
1997). However, the placement of less-lethal tools (specifically CEDs) higher on force continua have been found
to decrease their use (Thomas et al., 2010) and increase officer injuries (Womack et al.,, 2016).

Implementing the best scientific evidence available into government policy is not as simple as pointing to
findings (Weingart, 1999). Policy construction is often an exercise in managing value conflicts (Stone, 2012). Do
policymakers choose an increased likelihood of police officer injury, or, alternatively, do policymakers choose
an increased likelihood of subject injury? Our study was not designed, nor is it able, to offer an answer. Reason-
able individuals likely prefer neither to occur, but within the realities of police use-of-force, one option must

8The studied department considers probe lacerations and/or burn marks resulting from CED use as an injury. Depending on
whether one classifies these outcomes as a legitimate ‘injury’ or not effects the interpretation of our results regarding CED use and
subject injury. As previously noted in footnote 4, due to administrative data limitations, we were only able to measure injury with a
dichotomous variable (injured or not injured). Accordingly, lacerations and/or burn marks cannot be separated from more serious
injuries.
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be chosen. While the primary purpose of this paper is not to explore in a comprehensive way this particular
trade-off, our analysis does raise the profile of this dilemma when considering police agency force continua and
how they are operationalized.

Finally, our analysis contributes to a better understanding of the location of firearm display within a force
continuum. In all iterations of analysis, firearm display was at the bottom of an ordinal ranking of force and was
less likely than other forms of force to injure subjects. This finding does not suggest that police officers should
more actively employ the display of firearms in place of other less-lethal types of force in high-stress situations;
reasonableness and proportionality will always play a primary role in that type of decision. We simply offer
that this particular type of force was consistently found to be at the lowest level of force options within this
data. Low levels of weapon pointing may be related to the studied department’s policy that requires officers to
document when they point their weapon at a human subject. This type of policy is consistent with that recently
studied by Shjarback et al. (2021) in the Dallas Police Department, where the authors found the policy was
associated with a reduction in both weapon pointing overall and deadly force encounters.

In sum, the ordinal nature of force implicated by police agency policies is not aligned with the empirical
experiences of using force. While outside our scope or intent to comprehensively answer the questions we raise
in this section, our findings suggest that greater attention should be devoted to how these policy determinations
are made. The fact that 123 different permutations of force progression, ranging from 3 to 9 different levels,
found in Terrill and Paoline’s (2012b) national study exists, calls our attention to this important area of research.

Limitations

We have demonstrated the use of a statistical technique to examine less-lethal force within force continua in
a novel but practically useful manner. Despite significant contributions, there are limitations to be kept in
mind in weighing the findings. First, due to data restrictions, the most significant limitation is that we were
forced to collapse two types of physical force (physical, soft; physical, hard) into one physical force variable.
This is problematic because these two types of force are explicitly labeled as different categories in the use-of-
force continuum and can have very different consequences. If we could decouple these two types of physical
force in our analysis, we think it likely that the quantification score for physical, hard would increase, and the
quantification score for physical, soft would decrease. In what magnitude, relative to other types of force, needs
to be examined with more granular data.

Second, our analysis was conducted with use-of-force data from a single police agency. Though the agency
is broadly similar to national demographic comparisons, it is unclear what factors unique to the department
might make the analysis generalize poorly. The quantification scores reported here through CROS are only
appropriate with the particular set of variables included in this study. Our methods should be replicated in
other departments with similar and dissimilar use-of-force continua to determine if the results are generalizable
across departments and force continua. Another limitation of agency data is that the model assumes use-of-
force was used in accordance with policy. In a counterfactual where a substantial portion of use-of-force was
used inappropriately, either across categories or in a specific category, the analysis and findings would be likely
to shift. While our inquiry revealed no such pattern, and there are no significant agency or judicial findings that
would suggest a trend of inappropriate deployment of OC, Taser, or baton, the findings presented here do rest
upon an assumption of stable adherence to agency use-of-force policy by officers. To the degree that patterns
of inappropriate force use appear in an agency, the findings here should not be considered generalizable.

Third, there is always the threat of omitted variable bias when assessing police use-of-force. Possible omitted
variables that may affect what force is used include location of incident, number of (if any) backing officers,
officer proximity to the subject, and more. Decision-making in police use-of-force scenarios are highly complex,
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and no statistical model is likely to account for all possible contributing variables, nor are all variables likely to
be directly measurable or present in administrative data. However, by accounting solely for subject resistance,
the model explains over 70% of the variance in the studied use-of-force encounters. Further, this study aimed
not to explain what type of force was used and why, but rather where each less-lethal force type ranked on an
ordinal scale. We accomplished this with the use of CROS.

Fourth, while the officer and subject injury models were statistically significant, the R? for both were not
particularly impressive (.06 and .15, respectively). Further, in both regressions, the level of resistance played
a more significant role than the type of force used when examining standardized regression coeflicients. This
limitation is not disqualifying for the present study, as its aims were not to model the phenomenon of injury
generally. However, the type of force did play a significant role in injury, and future studies interested in that
outcome should take note that there are undoubtedly other substantive factors to consider.

Finally, it is recognized that administrative data obtained from use-of-force reports may suffer from a lack
of accuracy. Further, use-of-force reports only provide one view of the interaction — that of the officer. Four
realities protect against this limitation, however. First, officer reports are mandatorily reviewed by a supervisor.
Second, if a subject is injured during a use-of-force incident, the officer’s supervisor must review the body-
worn camera footage of the incident. Third, if a complaint or allegation of misconduct is made, the report is
reviewed by a supervisor as well as the internal affairs unit. Finally, and admittedly less routinely, use-of-force
incidents are commonly reviewed by defense attorneys (when civil rights and/or criminal cases are implicated
in the underlying case), and plaintiffs’ attorneys do the same when a civil case is considered. Our inquiries
did not reveal any reason to believe that officers’ input tainted the administrative data studied here. However,
there is no realistic way of verifying the accuracy of the individual underlying reports. In all limiting cases, we
recommend due caution until other researchers are able to undertake similar studies.

Conclusion

Despite police use-of-force being extremely rare (Eith & Durose, 2011; Pate & Friddell, 1993), well-publicized
use-of-force events can evoke widespread community and professional concern (Adams, 1999; Alpert & Dun-
ham, 2004; Klinger & Brunson, 2009). In the last thirty years, even lawful, non-lethal use-of-force by police
has become less accepted among the general American public (Mourtgos & Adams, 2019). Furthermore, while
lethal use-of-force events tend to garner more pronounced attention, non-lethal force is the type of force most
commonly used by police officers (Stroshine & Brandl, 2019). As such, policing researchers should strive to
better understand how less-lethal force is used and how and why police agencies create the policies governing
its use. In our study, we examine just that and find that the studied department’s placement of less-lethal op-
tions within its force continuum does not meet the inherent ordinal assumptions. Further, the policy choice
reflected in the continuum is associated with increased officer injuries. While we refrain from calling on police
agencies to conform their force continuums exclusively to statistical evidence, policymakers should reexamine
their force category placements through the lens of our findings, while simultaneously engaging with the policy
trade-offs in officer and subject injuries.

21



References

Adams, K. (1999). What we know about police use of force—Use of force by police: Overview of national and
local data.

Adewale, B. A, Ibem, E. O., Amole, B, & Adeboye, A. B. (2019). Assessment of residential satisfaction in the
core area of Ibadan Metropolis, Nigeria. Journal of Human Behavior in the Social Environment, 29(2), 206-233.
https://doi.org/10.1080/10911359.2018.1502116

Alpert, G. P, & Dunham, R. G. (1997). The force factor: Measuring police use of force relative to suspect
resistance. Police Executive Research Foundation.

Alpert, G. P, & Dunham, R. G. (1999). The force factor: Measuring and assessing police use of force and
suspect resistance. In Use of force by police: Overview of national and local data (pp. 45-60). US Department
of Justice, National Institute of Justice and Bureau of Justice Statistics.

Alpert, G. P, & Dunham, R. G. (2004). Understanding police use of force: Officers, suspects, and reciprocity.
Cambridge University Press.

Alpert, G. P,, & Smith, W. C. (1994). How Reasonable Is the Reasonable Man?: Police and Excessive Force.
The Journal of Criminal Law and Criminology, 85(2), 481-501. https://doi.org/10.2307/1144107

Bazley, T. D., Lersch, K., & Mieczkowski, T. (2007). Officer force versus suspect resistance: A gendered
analysis of patrol officers in an urban police department. Article in Journal of Criminal Justice, 35, 183-192.
https://doi.org/10.1016/j.jcrimjus.2007.01.005

Bazley, T. D., Mieczkowski, T., & Lersch, K. M. (2009). Early intervention program criteria: Evaluating
officer use of force. Justice Quarterly, 26(1), 107-124. https://doi.org/10.1080/07418820801989742

Bittner, E. (1970). The functions of the police in modern society: A review of background factors, current
practices, and possible role models. National Institute of Mental Health, Center for Studies of Crime and Delin-
quency.

Bretscher, O. (2012). Linear algebra with applications (5th ed.). Pearson.

Celestin, B. D., & Kruschke, J. K. (2019). Lay evaluations of police and civilian use of force: Action severity
scales. Law & Human Behavior, 43(3), 290-305. https://doi.org/10.1037/1hb0000333

Chong, E. K. P, & Zak, S. H. (2013). An introduction to optimization (4th ed.). Wiley.

Crawford, C., & Burns, R. (1998). Predictors of the police use of force: The application of a continuum
perspective in Phoenix. Police Quarterly, I(4), 41-63.

Eith, C., & Durose, M. R. (2011). Contacts between police and the public, 2008. In Bureau of Justice Statistics.

Farouki, R. T. (2012). The Bernstein polynomial basis: A centennial retrospective. Computer Aided Geo-
metric Design, 29(6), 379-419.

Figinj, S., Kenett, R. S., & Salini, S. (2010). Optimal scaling for risk assessment: Merging of operational and
financial data. Quality and Reliability Engineering International, 26, 887-897. https://doi.org/10.1002/qre.11
58

Garner, J. H.,, & Maxwell, C. D. (1999). Measuring the amount of force used by and against the police in six
jurisdictions. In Use of force by police: Overview of national and local data (pp. 25-44). US Department of
Justice, National Institute of Justice and Bureau of Statistics.

Garner, J. H,, Schade, T., Hepburn, J., & Buchanan, J. (1995). Measuring the continuum of force used by and
against the police. Criminl Justice Review, 20(2), 146-168.

Graham v. Connor, 490 U.S. 386, (1989).

Granville, W. A, Smith, P. F,, & Longley, W. R. (1941). Elements of the differential and integral calculus (2nd
ed.). Ginn and Company.

Haskins, P. A. (2019a). Conducted energey devices: Policies on use evolve to reflect research and field de-
ployment experience. NIJ Journal, 281.

22


https://doi.org/10.1080/10911359.2018.1502116
https://doi.org/10.2307/1144107
https://doi.org/10.1016/j.jcrimjus.2007.01.005
https://doi.org/10.1080/07418820801989742
https://doi.org/10.1037/lhb0000333
https://doi.org/10.1002/qre.1158
https://doi.org/10.1002/qre.1158

Haskins, P. A. (2019b). Pepper spray: Research insights on effects and effectiveness have curbed its appeal.
NIJ Journal, 281.

Herbert, S. (2006). Citizens, cops, and power — Recognizing the limits of community. The University of
Chicago Press.

Hickman, M. J., Atherley, L. T., Lowery, P. G., & Alpert, G. P. (2015). Reliability of the force factor method
in police use-of-force research. Police Quarterly, 18(4), 368-396. https://doi.org/10.1177/1098611115586175

Hine, K. A, Porter, L., Westera, N. ], & Alpert, G. (2018). Too much or too little? Individual and situational
predictors of police force relative to suspect resistance. Policing and Society, 28(5), 587-604. https://doi.org/
10.1080/10439463.2016.1232257

Hobbes, T. (n.d.). Leviathan (G. A. J. Rogers & K. Schulam, Eds.; Part I, Ch). Continuum International Pub-
lishing.

International Association of Chiefs of Police (IACP). (2006). Use of force: Concepts and issues paper 06.

Klinger, D. A., & Brunson, R. K. (2009). Police officers’ perceptual distortions during lethal force situations:
Informing the reasonableness standard. Criminology & Public Policy, 8(1), 117-140. https://doi.org/10.1111/
j.1745-9133.2009.00537 x

Kwon, M., Remoy, H., & van den Bogaard, M. (2019). Influential design factors on occupant satisfaction
with indoor environment in workplaces. Building and Environment, 157, 356-365. https://doi.org/10.1016/j.
buildenv.2019.05.002

Lumb, R. C,, & Friday, P. C. (1997). Impact of pepper spray availability on police officer use-of-force deci-
sions. Policing: An International Journal of Police Strategies & Management, 20(1), 136-148. https://doi.org/
10.1108/13639519710162051

McCormick, K., Salcedo, ., Peck, J., & Wheeler, A. (2017). SPSS statistics for data analysis and vizualization.
John Wiley & Sons, Inc.

McEwen, T. (1997). Policies on less-than-lethal force in law enforcement agencies. Policing: An Interna-
tional Journal of Police Stategies & Management, 20(1), 39-59. https://doi.org/10.1108/13639519710162006

Meulman, J. J. (2015). Optimal scaling methods for multivariate categorical data analysis.

Mourtgos, S. M., & Adams, I. T. (2019). Assessing public perceptions of police use-of-force: Legal reason-
ableness and community standards. Justice Quarterly. https://doi.org/10.1080/07418825.2019.1679864

Mummolo, J. (2018). Modern police tactics, police-citizen interactions, and the prospects for reform. Jour-
nal of Politics, 80(1), 1-15. https://doi.org/10.1086/694393

Paoline, E. A, Terrill, W,, & Ingram, J. R. (2012). Police Use of Force and Officer Injuries: Comparing
Conducted Energy Devices (CEDs) to Hands-and Weapon-Based Tactics. Policy Quarterly, 15(2), 115-136.
https://doi.org/10.1177/1098611112442807

Pate, A. M., & Friddell, L. A. (1993). Police use of force: Official reports, citizen complaints, and legal conse-
quences.

Pitard, F. F. (2019). Theory of sampling and sampling practice (3rd ed.). CRC Press.

Rogawski, J. (2011). Calculus (2nd ed.). W. H. Freeman and Company.

Rousseauy, J.-J. (n.d.). The social contract (M. Cranston, Ed.). Penguin Books.

Shane, J., & Swenson, Z. (2019). Unarmed and dangerous: Patterns of threats by citizens during deadlly
force encounters with police. Routledge.

Shjarback, J. A., & Nix, J. (2019). Considering violence against police by citizen race/ethnicity to contextu-
alize representation in officer-involved shootings. Journal of Criminal Justice. https://doi.org/10.1016/j.jcri
mjus.2019.101653

Shjarback, J. A., White, M. D., & Bishopp, S. A. (2021). Can police shootings be reduced by requiring officers
to document when they point firearms at citizens? Injury Prevention. https://doi.org/10.1136/injuryprev-

23


https://doi.org/10.1177/1098611115586175
https://doi.org/10.1080/10439463.2016.1232257
https://doi.org/10.1080/10439463.2016.1232257
https://doi.org/10.1111/j.1745-9133.2009.00537.x
https://doi.org/10.1111/j.1745-9133.2009.00537.x
https://doi.org/10.1016/j.buildenv.2019.05.002
https://doi.org/10.1016/j.buildenv.2019.05.002
https://doi.org/10.1108/13639519710162051
https://doi.org/10.1108/13639519710162051
https://doi.org/10.1108/13639519710162006
https://doi.org/10.1080/07418825.2019.1679864
https://doi.org/10.1086/694393
https://doi.org/10.1177/1098611112442807
https://doi.org/10.1016/j.jcrimjus.2019.101653
https://doi.org/10.1016/j.jcrimjus.2019.101653
https://doi.org/10.1136/injuryprev-2020-043932
https://doi.org/10.1136/injuryprev-2020-043932

2020-043932

Shrestha, S. L. (2009). Categorical regression models with optimal scaling for predicting indoor air pollution
concentrations inside kitchens in Nepalese households. Nepal Journal of Science and Technology, 10, 205-211.

Stone, D. (2012). Policy paradox: The art of political decision making (3rd ed.). W. W. Norton & Company,
Inc.

Stroshine, M. S., & Brand], S. G. (2019). The use, effectiveness, and hazards associated with police use of
force: The unique case of weaponless physical force. Police Practice and Research. https://doi.org/10.1080/15
614263.2019.1582342

Taylor, B., Woods, D., Kubu, B., Koper, C., Tegeler, B., Cheney, J., Martinez, M., Cronin, ]., & Kappelman,
K. (2009). Comparing safety outcomes in police use-of-force cases for law enforcement agencies that have
deployed conducted energy devices and a matched comparison group that have not: A quasi-experimental
evaluation (No. 237965). Police Executive Research Forum.

Terrill, W. (2005). Police Use of Force: A Transactional Approach. Justice Quarterly, 22(1), 107-138.

Terrill, W., Alpert, G. P,, Dunham, R. G., & Smith, M. R. (2003). A management tool for evaluating police use
of force: An application of the Force Factor. Police Quarterly, 6(2), 150-171. https://doi.org/10.1177/109861
1102250491

Terrill, W., & Paoline, E. A. (2012a). Conducted Energy Devices (CEDs) and Citizen Injuries: The Shocking
Empirical Reality. Justice Quarterly, 29(2), 153-182. https://doi.org/10.1080/07418825.2010.549834

Terrill, W., & Paoline, E. A. (2012b). Examining Less Lethal Force Policy and the Force Continuum: Results
From a National Use-of-Force Study. Police Quarterly, 16(1), 38-65. https://doi.org/10.1177/109861111245
1262

Thomas, K. J., Collins, P. A., & Lovrich, N. P. (2010). Conducted energy device use in municipal policing:
Results of a national survey on policy and effectiveness assessments. Police Quarterly, 13(3), 290-315. https:
//doi.org/10.1177/1098611110373995

Torres, J. (2018). Predicting law enforcement confidence in going ‘hands-on”: The impact of martial arts
training, use-of-force self-efficacy, motivation, and apprehensiveness. Police Practice and Research. https:
//doi.org/10.1080/15614263.2018.1500285

Weingart, P.(1999). Scientific expertise and political accountability: Paradoxes of science in politics. Science
and Public Policy, 26(3), 151-161.

Womack, V. G., Morris, R. G., & Bishopp, S. A. (2016). Do changes in TASER use policy affect police officer
injury rates? Police Quarterly, 19(4), 410-434. https://doi.org/10.1177/1098611116629796

24


https://doi.org/10.1136/injuryprev-2020-043932
https://doi.org/10.1080/15614263.2019.1582342
https://doi.org/10.1080/15614263.2019.1582342
https://doi.org/10.1177/1098611102250491
https://doi.org/10.1177/1098611102250491
https://doi.org/10.1080/07418825.2010.549834
https://doi.org/10.1177/1098611112451262
https://doi.org/10.1177/1098611112451262
https://doi.org/10.1177/1098611110373995
https://doi.org/10.1177/1098611110373995
https://doi.org/10.1080/15614263.2018.1500285
https://doi.org/10.1080/15614263.2018.1500285
https://doi.org/10.1177/1098611116629796

	Introduction
	The Legal-Policy Dichotomy
	Use-of-Force Continua
	Subject Resistance
	Progression of Force
	Ordinal Force Continua


	Research Proposition and Hypotheses
	Data
	Variables

	Analysis
	Categorical Regression with Optimal Scaling
	Results
	Force and Resistance
	Injury
	Robustness Check


	Discussion
	Limitations
	Conclusion
	References

