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Abstract — An inappropriately chosen tactical
procedure and means during a police intervention
against highly dangerous subjects may lead to an
escalation of the conflict and to further threats to the
interveners and to the subject against whom the
intervention is conducted. The main objective of this
article is to analyse the effectiveness of the technical
device Taser, which uses an electrical discharge to
temporarily incapacitate a human subject, identify the
main causes of failure of it, and its implications in
practice at the incident level. The paper is based on the
presentation of current scientific evidence in available
electronic databases (Web of Science, Scopus; using
keyword taser), and the data are compiled into a clear
graphical form through the principles of the Fault Tree
Analysis (FTA). A set of potential failure causes was
identified from the human factor, the role of
technology, and environmental influences. The taser
was found to be a conditionally effective technological
device with a wide and difficult to determine range of
effectiveness depending on the method chosen. The
findings have implications for training and education
with a focus on minimising the risks of service
intervention in terms of the effectiveness of this type of
law enforcement agent.
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1. Introduction and Background

Armed and security forces must constantly respond
to the security challenges of the 21st century, in
terms of the considerable variability of conditions,
newly emerging threats, and their often unpredictable
nature, especially in the context of changes in the
security environment in connection with the global
mobility of the world's population and the
consequent different demographic parameters of the
population, including the ever-increasing aggression
in confrontational incidents [1]. These forces
exercise state power on the basis of laws issued to
protect freedom, justice, legal certainty, and other
security interests of the state. For this reason, it is
necessary to equip forces, which play a key role in
ensuring internal security, with the latest
technologies, armaments and equipment so that they
can respond adequately and be able to protect
the values of the democratic rule of law and use them
in the event of a threat to protected interests [2].
The latest means of modern policing are focused
on the area of less-than-lethal weapons, with one
of the most controversial options in this category
being the CEW device. The CEW device uses high-
voltage, ultrashort, low-current electrical pulses
to temporarily incapacitate a subject by stimulating
peripheral efferent motor neurones, resulting
in the induction of skeletal muscle spasms. Kunz
and Krys [3] mention, that due to stimulation
of afferent sensory neurones, pain is also induced
in the subject.

The scientific research initiative and discussion of
CEW have focused primarily on the health aspects of
the impact on exposed individuals and the existing
risk of fatal consequences, a component of the safety
of the device that, however, correlates significantly
with its effectiveness.
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CEWs can generally be more effective and less
dangerous than other force options in certain
circumstances.

However, there are concerns about the
effectiveness of the device and the potential for its
failure as the chosen means of coercion for a given
confrontational situation and the resulting negative
consequences. The overview of the main causes of
failure and the consequences of it will be presented
below. Only atiny proportion of studies have
examined the general effectiveness of CEWs in the
field, although operators' awareness of the risk of
potential ineffectiveness of the device and knowledge
of the causes, are clearly not only necessary.

Den Heyer [4] says that research to date includes
three ways that define the effectiveness of CEW use,
namely:

e cffectiveness as the ability to temporarily
immobilize a potentially violent individual,

o the effectiveness of the device in reducing
the use of lethal force (firearms),

e and the effectiveness of
inreducing  injuries  to
and exposed subjects.

One of the first studies by Ho et al. [5] to directly
evaluate the effectiveness of CEW X26 (legacy
TASER model, Axon Enterprise Inc., Scottsdale,
Arizona, USA) in terms of tracking a number
of variables under experimental conditions observed
the effectiveness of incapacitating highly motivated
human subjects, with the target nature of motivation
being the completion of a device deactivation task
or a 3.4 m away suspended martial arts dummy using
a training knife. The authors of the publication
scored subject controllability by degree of
incapacitation. The findings of this study are
consistent with findings of more recent study by
Kunz et al. [6], which concluded that, in general,
more effective incapacitation is observed when
targeting the back, probably due to the presence of
larger muscle groups in this anatomical region. This
study also looked at comparing the CEW
effectiveness of different models, with the most
recent models showing the highest expected result of
standard effectiveness.

A study by White and Ready [7] looked
at identifying predictors of CEW effectiveness based
on an estimate of the affected subject's ability
to continue resistance (in percentage terms)
and the overall assessment of the actual incident
by specific interveners with this enforcement agent.
The results of this and another study by Womack
et al. [8] suggest that several factors are associated
with reduced effectiveness of the agent, including
suspect body weight or long-term use of drugs
and alcohol use.

equipment
intervening
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The efficacy of CEW on a broad scale in terms
of success in achieving the goal of obtaining subject
compliance was also evaluated in a study by Somers
etal. [9].

CEW is classified as an effective agent, but its
effectiveness varies depending on a number
of important variables (multivariate models to predict
the probability of effectiveness and develop potential
correlations of effectiveness). This research focused
on the efficacy of the device based on a sample
of field use cases in terms of mode and method
of deployment, that is, mode of implementation,
with higher efficacy observed in contact mode
than in distance mode, which is contrary to the best
practice guidelines lists for CEW deployment,
where distance mode is recommended primarily
due to induction of neuromuscular incapacitation. (In
the contact mode, the flow of electrical current is
limited primarily to the dermis, the superficial layer
of the skin, subcutaneous adipose tissue and
superficial muscle layers [12]. Thus, there is no risk
to the underlying deeper organs with this type of
application [3] and no incapacitating effect is
induced.) The study also looked at the variable in
terms of the characteristics of the affected subjects:
their gender (lower efficacy noted in the male
gender), weight (paradoxically higher efficacy in the
higher-weight individual), and subject height
(significant negative relationship observed with the
induction of temporary incapacitation). Lower
efficacy was demonstrated inthe presence of
intoxication, and lower efficacy was reported in
subjects showing signs of mental illness or emotional
upset, indicating possible interactions with
comorbidities not only in terms of potential health
harm, but also in terms of the efficacy of the agent.
Furthermore, the study also looked at variables of the
intervener‘s characteristics - with respect to
intervener gender, higher effectiveness was reported
for incidents where male interveners used CEW (up
to three times more likely to be effective for an
unexplained reason). This publication by Somers et
al. [9] considers CEW a relatively effective tool to
gain compliance or gain control over citizens based
on the data  analysed;  however, the range
of effectiveness can be high and interveners must
necessarily be prepared to use alternative methods
of force. It was noted that the differences
in the study's results in reported device effectiveness
compared to previous publications may have been
due to the nature ofthe data used, which was
obtained from force report forms, and thus may have
contained various biases (e.g., officer judgment
regarding subject height and weight) or captured
only certain, and thus may have been incomplete.
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Furthermore, the larger data sample of CEW use
in a given investigation or the inability to account
for the distance between the subject
and the intervener (sinceall incidents were not
similarly situated, and therefore the effectiveness
in the deployment mode could not be objectively
compared) may explain possible differences
from previous research findings [9].

Some studies have looked at the effectiveness
of CEWs by comparing their effectiveness with other
types of law enforcement. In a study by Jauchem [10]
CEWs were mentioned as the most effective tool
toend confrontation with subjects. The findings
of another study by Stevenson and Drummond-Smith
[11] suggested that firearms were the most effective
tactic based on the survey (97% effectiveness)
and the least effective was the irritant spray with
54%  effectiveness. The overall operational
effectiveness of CEW was reported to be relatively
high (68%), more effective than baton (but only 1 %)
and irritant spray [11], which is also supported by the
result of an article by Deuchar et al. [13] based on
field intervention findings. The study by Stevenson
and Drummond-Smith [11] also reported that the
tactic associated with the highest proportion of
officer injuries was irritant spray (16%) and then the
lowest proportion of intervener injuries was shown
by firearms (0.5%), which was in correlation with
their demonstrated high effectiveness. Firearms
potentially provide the greatest distance from a
dangerous subject, and operations with them are
usually well securized. A study by Stevenson and
Drummond-Smith [11] also reported fewer officer
injuries associated with CEW use (4%) compared to
other common uses of force, including irritant spray,
baton, physical confrontation, or service dog
intervention. Furthermore, a study by Brandl and
Stroshine [14] reported that CEW is generally more
effective than irritating pepper spray in ensuring
compliance of the subject. Historically, an older
study by O'Brien et al. [15] reported an effectiveness
and efficacy value of 75% for the use of CEW during
a trial period of law enforcement testing in New
Zealand, where a positive change in subject
behaviour was observed, such as increased
cooperation and general alleviation of an unstable
situation, or immediate incapacitation of the subject
at a distance. However, this study worked with a very
limited sample, a total of 8 cases of CEW
deployment in the field, so its results are limited
by the apparent small sample of cases.

This review article, based on qualitative research,
aims to answer the following formulated research
questions through a systematic search of publications
from the international peer-reviewed literature
and their reference lists dealing with the topic
of CEW effectiveness:
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Q1 What are the root causes of the failure
(ineffectiveness or limited effectiveness)
of an electrical restraint when deployed against
a dangerous subject?

Q2 What are the specific security implications
of these failures at the incident level?

2. Material and Methods

Based on the current scientific evidence (the first
two publication used are from 2010, while the two
most recent are from 2024), through the methods
and scientific approaches of analysis and synthesis,
a 'fault tree' was constructed as a graphical deductive
risk analysis method to determine the causes of CEW
equipment ineffectiveness in field use.

The FTA risk analysis method is a deductive
method that searches for individual system failures
and determines the causes of these events. FTA is a
graphical model ofthe various combinations of
equipment failures and human errors that can result
in a major undesirable system failure called a TOP
Event. The model is based on Boolean algebra (and,
or, and other gates) in finding the minimum failure
leading to a TOP Event, where the result is the failure
types and quantitatively assigned probabilities
of system failures when the probabilities of the root
causes are known. The method is not suitable
for the early stages of design, is time-consuming,
requires intensive knowledge and experience,
and increases in difficulty as the complexity
of the system increases. FTA method was developed
for electrical engineering needs, has been further
developed in aerospace, and has also found wide
application in the nuclear power and process
industries [16].

Before starting the analysis, it is necessary
to precisely define the analyzed TOP Event,
while the description must be precise and adequate,
not too vague, and at the same time not too specific
and detailed. Based on the description of the event
to be monitored, it is necessary to determine
what circumstances/conditions, or  combination
of circumstances/conditions, must occur for the event
to proceed.

Highly improbable circumstances need not be
taken into account in the analysis. It is also necessary
to define the boundaries of the system and the event
to be addressed and to predefine the level of detail of
the analysis, which may be influenced by both the
requirements of practice and the requirement to
quantify the event tree based on the availability
(known or potentially obtainable) data and the
reliability characteristics of the data.
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Ifthe reliability characteristics are known,
the probability of failure of individual elements can
be determined, as well as the probability of a major
adverse event. The actual construction of the logical
unit of the fault tree has several steps. It starts
fromthe TOP Event, which is further analysed.
In the next steps, the possibilities of precursors
of the peak event/failure in the individual subsystems
and basic events that contribute/lead to the TOP
Event are sought. The phase of dividing the system
into elements is always a purposeful matter.
Animportant step is then the assessment
of the logical relationship between the basic events
and the TOP Event - the assignment of the logical
operator. If the TOP Event occurs only if all basic
events occur simultaneously (parallel ordering),
the logical operator and is used in the graphical
display. If a basic event results in a TOP Event (serial
ordering), the logical operator or is used [16].

3. Basic  Conditions for the
and Effectiveness of Paralysis

Efficiency

In the case of a CEW intervention in the distance
mode of application (electrodes are shot
into the target body at different angles depending
on the effective range, and subsequently an electric
field is generated in the capture zone and the electric
current cycling between the anode and cathode) is
optimal, electrically induced neuromuscular
incapacitation is induced in aggressive individuals
such that the subject is unable to complete
or continue the offending action for the duration
ofthe current application [17], is temporarily
immobilized and unable to attack or escape [18], he
or she should cease to resist and thus it is further
easier to use conventional methods of physical
restraint or other types of coercion to ensure
the subject's compliance with instructions and end
the wviolent confrontation [19]. However, this
definition of the parameters of effective
incapacitation reflects an ideal situation that may not
always occur in field use given the circumstances.

The main requirement determining
the achievement of the desired goal of incapacitating
the subject is the existence of a reliable path
for conducting the discharge into the body
of the subject. The stable anchoring of electrodes
equipped with a sharp end part in ideally soft non-
sensitive tissues (superficial layers of the skin except
for sensitive areas - head, face, eyes, genitals, bone,
etc. Individual differences in tissue density and the
high elastic limit of the target body region can also
significantly reduce the risk of probe penetration and
entrapment on impact [27] of the target's body so that
an electrical circuit is closed.

The electrical pulses are sent into the body
through contact points on the skin ofthe target
subject [20].
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In field application research, one or both
electrode spikes have been found to become stuck in
clothing and do not reach the skin in approximately
up to 30 % of cases [21], which can lead to the so-
called electrical discontinuity [22].

In addition to the requirement of trapping
the probes in the target medium and closing
the electrical circuit, the second main factor is
the location and distance of the probes as a condition
of device efficiency [23], as the voltage field
increases depending on the location of the hit
and the distance  between them. The spread
between electrodes is then a function of the firing
distance [24]. To achieve effective neuromuscular
incapacitation, immediate loss of neuromuscular
control and avoid purposeful and intended
movements [25], [26], an approximate minimum
distance between probes has been estabilished
to ensure device effectiveness (induction
of incapacitation) at 20 - 30 cm (30 cm for frontal hit,
20 cm for back hit), which corresponds to hitting
from a distance depending on the model and type
of cartridge due to manufacturers' efforts to optimize
and maximize the range of device functionality [22]
according to variations to suit different operational
needs [13]. Wider probe angles allow for more
effective electrical discharge in closer ranges,
while smaller angles are designed for use in longer
ranges [28]. Effective incapacitation of a subject
as a manifestation of the desired effect is a function
of probe spread [25], and thus the effectiveness
of incapacitation depends on the location of the hit
and the distance between the electrodes,
and increases with the maximum distance from probe
to probe [6], conversely, the effectiveness decreases
as the probes are closer together, where a narrower
probe spread can only cause acertain degree of
incapacitation. The finding thatthe minimum
effective spread between probes correlates with the
range of device effectiveness is an important finding
not only for the end user of the device [5]. There has
been shown that operators tend to deploy CEWs
at a distance less than the minimum distance required
from the target, resulting in insufficient electrode
spread (based on the predefined probe spread angle
of a given model) and just less effective
incapacitation of the subject [28].

The resulting effect of the application in terms
of incapacitation efficiency, always beyond the direct
influence of the position (anatomical target area)
and distance of the electrodes, also depends
on the electrophysiological properties of the current,
organic resistance, applied voltage, current intensity,
type of clothing, exposure time, physical constitution
(body  structure), and  psychological  state
of the affected  person [6], [29], as well
as the subject's level of resilience and pain tolerance
[30].
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Other factors such as drug and alcohol use, level
of violence, resistance, motivation, and behaviour
responses of the subject can also play a role in the
effectiveness of the device [31]. However, it is the
location (localization) and distance of the electrodes
that is the primary factor that can be influenced in
terms of the final effect and effectiveness of the
intervention, at the level of human factors (thein
skills) according to Kunz et al. [6], among others,
and the related observation that the experience
of the interferers, derived from the length of time
on duty and the number of training sessions received,
is undoubtedly an important variable in the objective
effectiveness of the intervention [7].

4. Results and Presentation of Findings

Failure of the device means its insufficient
(limited) efficiency and effectiveness when deployed
in the distance mode (firing of the probe-electrodes),
1e.,

there is insufficient incapacitation (suboptimal
incapacitation) of the subject, who is able to continue
resistance (continues to resist) because the optimal
generalized effect of temporary whole-body paralysis
and immobilization has not occurred.

Based on the knowledge obtained
from the conducted search of the peer-reviewed
international scientific literature and the algorithm
for constructing a fault tree as a method to analysethe
risk of failure of the CEW device during
the intervention to achieve the desired incapacitation
of the offending subject, individual causes leading
to the ineffectiveness of the device are identified.
As the actual values of the frequency of occurrence
of each underlying event are not known, the method
is incomplete as it has not been quantified (in terms
of probability), and thus only identifies possible
causes of failure of the electrical distancing
enforcement device during interventionfield.
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Figure 1. The most common causes of CEW failure based on data analysis from previous research by Sheridan and
Hepper [22]

The symbol of a truncated square in the fault tree
indicates events that are not further developed, where
the analysis ends at this level and the element faults

AND OR EVENT

are not further analysed due to their complex nature
(they are not the subject of the analysis).
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ELSEWHERE
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Figure 2. Symbols used in the FTA method
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All identified causes have a negative impact
on the effectiveness of law enforcement. In addition
to these causes, as mentioned earlier in the text,
the duration of exposure, the mode
of implementation, and the anatomical target area
of electrode capture (their localization) also affect
the effective incapacitation of the subject. A steep
probe angle (suboptimal oblique exposure) may
result in poor initial attachment. Insufficient probe
dispersion at close exposure means an ineffective
distance from the intended target (insufficient probe
spread angle).

The subject condition has also been cited as one
of the causes, although the level of endurance
of the subject (tolerance) should not directly depend
on it for the incapacitation effect [27]. CEWs are
also not precision-guided weapons and probes can
deviate in flight, thus the flight trajectory and impact
location are affected by many factors.

A sudden movement of the subject,
such as a sudden head turn, can cause the probes
to fall outside the targeting area (it is not always
within the power of the interceptor to accurately hit
the target when the subject is in motion),
according to Kroll et al. [32].

As stated above, the intensity of the effect is
primarily dependent on whether both electrodes hit
the target and their dispersion and localization [33].
All identified causes of potential device failure
influence the process of constant and instantaneous
reassessment of options and risks by the intervener
ina particular incident. For example, based
on an assessment of the subject's clothing type,
the intervener can reduce the potential risk of CEW
ineffectiveness by selecting a more appropriate
tactical option [4].

TOP EVENT:
Suboptimal
neuromuscular
incapacitation

¥

Electrical circuit was OR

B —
not closed

v

//ORN

Electrode missed the

Disconnection
of the electrode

Electrode in clothing Device malfunction

Electrical circuit was
closed

¥

OR

S0 O

Obligue hit,
steep electrode
angle

Insufficient

probes distance HOE R G

targst by the subject
Figure 3. Basic FTA of CEW failure
TOP EVENT:
Suboptimal
neuromuscular
incapacitation
v

Electrical circuit was c OR Electrical circuit was

not closed

|

A

Electrode
! missed the
target

Device Disconnection

malfunction -

Electrode in

EEITE by the subject

of the electrode

close

|

OR

SN

Oblique hit,
steep electrode
angle

Subject
condition

Insufficient
probes distance

Figure 4. The final FTA of CEW failure and identified causes

TEM Journal —Volume 13 / Number 4 /2024.

2923



TEM Journal. Volume 13, Issue 4, pages 2918-2930, ISSN 2217-8309, DOI: 10.18421/TEM134-27, November 2024.

T

/
-

s

OR

N
ees

Figure 5. Develop event — causes of subject condition

OR

/ v

OR

udden movemel
of air

0= °“

Figure 6. Develop event — device malfunction causes
e

Figure 7. Develop event — electrode missed the target
causes

2924 TEM Journal — Volume 13 / Number 4 / 2024.



TEM Journal. Volume 13, Issue 4, pages 2918-2930, ISSN 2217-8309, DOI: 10.18421/TEM134-27, November 2024.

.

Electrode in
clothing

N

/N

Thick clothing Loose clothing

Figure 8. Develop event —
electrode in clothing
causes

4.1. Risks Arising from CEW Failure and Existing
Measures to Minimise Them

Based on the analysis and synthesis of findings
from the international literature with respect
to the topic and focus of the paper, it was found that
the effectiveness of a CEW intervention is defined by
a number of variables and circumstances of a
particular incident atthe level of environmental
factors  and characteristics, = human  subjects
(interveners and those affected), as well as at the
level oftechnology and the role of equipment.
Failure of CEW enforcement during an intervention
can have adverse consequences and create additional
risk situations and threats not only for the offending
actors as the intended targets of the intervention, but
especially for the interveners and often for other
parties not directly involved in the incident.

A study by Williams et al. [34] investigated
the risks and causes of fatal firearm incidents due to
previous  ineffective and inefficient =~ CEW
applications, determining a failure rate of field
devices in subduing violent subjects in up to 47% of
applications (or a failure rate of 15% to 47 % or 50 to
150 thousand ineffective uses per year, according to
Vaughn et al. [35]), finding 1,349 fatal incidents in
the United States alone (from 1985 to 2020) in which
citizens (mostly those with some minority affiliation)
died as aresult of firearm use just after a previous
failure of CEW technology, and also noting 14 cases
since 2004 in which violent actors shot 16 police
officers after ineffective CEW applications.

TEM Journal —Volume 13 / Number 4 /2024.

The study by Taylor et al. [36] then reports that in
2015 alone, a total of 84 unarmed people were shot
by law enforcement officers in the U.S., with 27% of
the cases involving the deployment of a firearm after
a previous ineffective CEW intervention. Therefore,
the most serious consequences of ineffective
deployment arise in the context of the inevitable use
of a generally superior form of force (firearms),
which is often a lethal option, precisely because the
deployment of less lethal means, such as CEWs, may
not always be advantageous or successful in force
encounters, where they may not provide the desired
results in suppressing aggression and resistance.
Thus, ineffective application can, in effect, pose a
serious threat to the safety of interveners and
citizens, regardless of the location of the CEW on the
use of force continuum (justification for use policy).
Therefore, avoiding or mitigating the need for lethal
force in law enforcement can have dramatic
consequences for society as a whole [34].

There is also the unusual but critical risk
of'a shooting after the subject has gained control
of the electrical weapons in the intervening officers'
equipment, a risk associated with disarming and
unauthorized use  of the intervening  officer's
equipment [18]. There have been a total of 131
incidents (124 in the U.S., 2 in Australia, 2 in
England, 2 in Wales, and 1 in Canada) of subjects
attempting to obtain or gaining control of the CEW
of an intervening police officer between 2004 and
2020, 53 of which resulted in a shooting. Therefore,
the use ofelectric weapons that did not lead
to effective management of the confrontational
situation represents a rare but real risk of injury and
death by gunfire after the subject attempts to gain
control of the intervenor's weapon [19].

The risk of failure of this type of enforcement is
real, and is not insignificant. The effectiveness
of CEW devices is contingent (potential) and is
created by the interaction between technology,
responders, and members of the public [23].
The unlimited trust in technology and weapon
effectiveness can make intervening operators more
vulnerable and can lead to potentially more
dangerous confrontational situations [23]. Therefore,
it is important to raise awareness of this risk and the
subsequent, often fatal consequences, while it is
necessary to project this knowledge into the
educational and training process, which must
necessarily reflect the reality faced by participants in
confrontations.
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The need for sufficient knowledge and awareness
of police officers on the mechanism of action and
effect ofthe discharge is defined, the practical
deployment of the tactic, as well as its limited
effectiveness (as a standard part of the content of the
thematic units of training programmes), and the
associated undesirable events hen subduing suspects
during highly dangerous force clashes is defined,
where the criticality of this knowledge to the general
use-of-force safety at the incident level is evident.
Understanding how often and under what conditions
CEWs are ineffective can influence an officer's
judgment and decision whether to use a CEW in a
given situation or to consider and choose another
form of enforcement from the wide range of options
available. Optimizing training for this enforcement
tool through the use of effective training methods
contributes to the professionalization of force use and
the general readiness of the forces to use alternative
options in law enforcement [37]. This set of
measures falls into the preventive security level in
the area of influence of human factors (personnel
measures), since the responsibility  for the
professional, effective, and safe use and handling of
force means rests on the final link of the chain,' that
is, on the police officer himself, asthe CEW is
considered such as a neutral instrument [38]. It has
also been suggested that the current education and
training policy system for police use of CEW should
be further investigated [39], but this is hampered
by the nature of the classified approach to the police
use of force training research.

Increasing the effectiveness and efficiency of the
intervention using CEW is also possible due to the
technological improvement of individual device
models and the existence of the current generation of
SMART CEW models with the intention of avoiding
the main cause of failure, that is, to ensure optimal
dispersion of electrodes [40] and at the same time
minimising health risks for exposed individuals
(increase cardiac safety profile, according to Dawes
etal) [41]. These measures fall
into the technological category, where SMART CEW
models generally have the ability, in case of small
dispersion of the probes, to provide the required level
of incapacitation due to  thebackup  shot
hen expanding the electric field, unlike previous
generation weapons that used paired probes
with fixed take-off angles. The latest generation
of CEWs is characterized by their technological
advantage, when the electrode could be fired
again without the need to recharge, offering
the possibility of making the intervention more
efficient [2].

' "Every chain is only as strong as its weakest link." Arthur
Conan Doyle, J. Watson - Valley of Fear.
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These are especially the latest CEW TASER T7
and T10 models (Axon Enterprise Inc., Scottsdale,
Arizona, USA).

The CEW TASER T7, like the second generation
X2, has two cartridges (or pairs of probes)
that provide a backup shot, when this feature was
a technological improvement over the single
cartridge of the X26E as the gold standard prevalent
in law enforcement agencies arend the world. In the
X2, the cartridges worked independently unless one
probe was connected, the T7 has new technology that
allows an adaptive cross-connect between the two
positions where the weapon evaluates and senses the
return current (detects bad current paths) and adjusts
the path between all possible positive and negative
current paths to optimize the connection [42].
If a second shot occurs due to failure or too little
distance, the individual electrodes in the T7 can
communicate with each other. In such a case,
the device selects the anode-cathode combination
with the highest resistance and thus the greatest
distance. This also applies if the contact mode is used
in addition to the penetrating -electrodes [3].
Therefore, the new adaptive cross-connect function
with two pairs of probes simultaneously deployed
demonstrates a significant improvement in efficiency
compared to the X2 model inincapacitating the
subject in small electrode gap scenarios (close
contact exposure) according to Ho et al. [40].

The unique ability of the latest SMART model
T10 to place multiple probes in a specific target area
to create the desired spread of the probe is
a technological advantage over all previous models,
showing potentially greater effectiveness in the field,
as each probe can also be fired independently,
instead of the two paired shots previously [6]. The
T10 uses an independently targeted probe scheme
with a floating dynamically changing polarity, so any
two probes on the body can make an electrical
connection, and thus the weapon is more effective
due to the different configuration of the probes and
the variability oftheir placement (based on an
algorithm that determines which probes have
between with the greatest distance and the best
connection). Due to the technology of multiple
independent shots of a single cartridge with up to ten
probes, it is also possible to implement new target
zones and modify the incapacitation effect, where,
for example, hitting both legs will cause blocking
and paralysis of the lower limbs while maintaining
the ability to move the upper limbs (and secondarily
mute and offer the possibility of controlling the fall),
inthe case of a left/right lateral intervention,
contraction of all muscles and the entire body is
unlikely, and electrodes can also be placed
on the opposite (front and back) side of the body,
which in the experiment [6] resulted in complete
(generalized) temporary incapacity.
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This is asignificant technological advantage
over the earlier SMART models, where the X2
and T7 models had two cartridges but fired
simultaneously, so the probes could not be placed on
two opposite sides of the body (the T7 only has two
shots with four combined probe placements; with
each shot, two electrodes are released, and only a
paired shot of two probes is possible). The results
and findings of the research by Kunz eral [6]
confirm that the most effective shots are shown with
a wide spread of probes and ideally include exposure
of the upper and lower extremities or an intervention
in the front of the body and, at the same time, in the
back area.

5. Discussion

It is believed that less-than-lethal weapons can
avert serious injury to citizens and police officers
by providing safer and more effective options
than other methods at the upper end of the police use-
of-force continuum [43]. However, not all CEW use-
of-force studies are in agreement. Study by Boehme
et al. [39] reported that officers may perceive CEWs
to be less effective than firearms during high-risk
encounters. Furthermore, a study by Maguire and
Paoline [44] concluded that some methods and types
of force used by the police, such as practical tactics
and the use of CEWs, can increase the risk of injury
to police officers due totheir potentially low
effectiveness and efficiency.

It must be taken into account that CEW, like any
other form of force, may be ineffective certain
circumstances. The existence of a certain risk of
device  failure, when the  desired goal
of incapacitating the subject is not achieved, must be
taken into account by responders during theoretical
preparation (training and education), but also during
its practical deployment in the field. CEW can be
used with this risk, which is acceptable compared
to other types of coercion, to achieve incapacitation
in a given situation. Risk must always be assessed
and evaluated in a contextual framework, which is
based on the balance betweenthe degree of
resistence risk and the possible harm caused, the
availability and possibility of variants of the use of
force, their effectiveness appropriateness for the
given specific situation [10]. The potential benefits
of'using this device should reasonably outweigh its
risks, both with regard to its safety and its
effectiveness, that is, the components that ineract
directly with each other. The effectiveness of CEW
as a means of coercion in intervention and increasing
the safety of the interveners cannot be assessed in
isolation, but on the contrary in an integrated manner.
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The decision-making process of interveners
in a specific situation under certain circumstances
and conditions about the type and form of force used
is essentially decision-making under a state of risk
and uncertainty (the intervener does not know all
specific aspects of the subject's condition, but should
be aware of the risks of the technology used based on
training). If CEW is used, the likelihood of its
effectiveness or its potential negative effect on the
exposed subject may not be known due to the
multifactorial nature of the incident event, dependent
on many interacting components and variables [31],
[45]. It is necessary to take into account a certain
level of subjects® stress and the presence of other
simultaneously acting factors, due to which
the application of CEW can have a variable range of
effectiveness and a possible fatal outcome. In
a confrontation, the safety of all parties involved is
always important — interveners, suspects (detainees),
and third parties, not directly involved, and the
ineffectiveness of the chosen tactics can have
consequences for all participants in the incident.

If CEWs are to be legitimately used only
in situations requiring lethal force, then they may not
be preferable to firearms, as they may be less
effective, which has a potential negative consequence
for responder safety in particular. Therefore, the use
of CEW is called primarily incases where it
represents a truly safer alternative [43] than a firearm
and, at the same time, a more effective means of
managing and terminating ahighly dangerous
situation than other coercive means ranked in the
power continuum under CEW. Although there is a
risk of device failure, its undoubted utility as a new
advanced coercive technology and form of force for
law enforcement is not excluded [46].

6. Limitations

The biggest obvious limitation of the review
article is the lack of data for the chosen FTA method
as a device failure risk analysis,
where the frequencies of individual causes of device
failures are unknown. The scheme ofthe FTA
diagram can thus only serve as a model or
educational training aid of possible causes, when
only based on the improvement of the monitoring
system and records of the effectiveness of the CEW
equipment  fromthe field as a  future
recommendation, then real data can be added, and
final probabilities determined. The article is thus only
a theoretical level by performing an analysis,
synthesis, and comparison of knowledge derived
from the existing literature, when no objective value
of the effectiveness of the device is established and
proven as an opinion and the final opinion of the
review article.
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Also, the list of causes of failure in the field may
not be exhaustive, and a complete discussion of agent
efficacy is clearly beyond the scope of this
systematic review.

7. Conclusion

Law enforcement authorities are authorized
to overcome the resistance of persons to achieve
compliance by various methods and techniques,
including the use of coercive means. The review
article specifically focused on one of the forms
of less-than-lethal weapons, the remote electroshock
weapon, and the pitfalls of its use in intervention if it
was not effective and efficient on the detained person,
i.e., if the desired goal of optimal intervention of
sufficient neuromuscular temporary incapacitation
ofthe subject was not achieved, which can
thus continue to commit illegal acts, including
purposeful and originally intended movements, which
leads to further escalation of the confrontational
situation and exposure of the parties involved to risks
arising from ineffective application, which can also
be the use of a higher form of lethal force (firearms).
The requirement for a minimum safety effective
distance from the subject was identified as a basic
condition for the effectiveness of the device in order
to capture the electrodes in a specific target area of
the body (closing the electrical circuit) to create the
desired dispersion of the probes. The evidence-based
effectiveness rate of CEW devices in the field is not
very high and is dependent on many variable factors
(human and technological) of the specific situation,
the intervention conditions (environmental factor),
and the identified variables may further interact with
each other. The review article 1is based
on the synthesis of knowledge from the existing
international scientific literature, where, based on the
method of analyzing the risk of device failure, the
causes of failure were identified, which may have a
potentially negative relationship.

Available and existing measures to reduce
the risk of asset failure in order to maximize its
effectiveness in  service  were  presented.
In the analyzed publications dealing
with the evaluation of the effectiveness of the device
from the point of view of its intention to cause a
certain degree of incapacitation, a highly variable
range of the resulting value of the effectiveness of
the device was found, also due to different scientific
approaches, chosen methods and data sources of
individual studies. For the purposes of this overview
article, it was not possible to find enough concrete,
relevant and objective statistical data indicating
the frequency  of  failure of the device
due to individual causes during the real deployment
of CEW in the field, which could be further
compared and a conclusion made.
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The limited availability of information as a
current systemic problem at the international level
appears to be a current gap, and a desirable subject of
future research. The goal should be the
standardization of monitoring and the registration of
complete records of the CEW application as a data
source for research based on searches in the police
use of force database. From this database, thanks to a
retrospective survey of events, it will be possible to
find out, among other things, how often and in what
circumstances the CEW is ineffective (to specify the
causal conditions associated with the result, to reduce
uncertainties and to better understand the mechanism
of the emergence of ineffectiveness), and whether a
specific type of coercive means has a positive effect
on shortening the duration of the confrontational
situation. Due to this, it is then possible to better
predict the probability of effectiveness and further
contribute to the decision-making process regarding
the choice of the appropriate type of coercive means
given the circumstances. The evident limits of the
article findings thus limit its contribution, when a
theoretical overview of the causes of CEW
ineffectiveness without probability values can be
provided, which can be used as a clear educational
aid during training on the risks of intervention with
this type ofcoercive means, so, to incorporate
the knowledge gained into the general principles
ofits use for prevention the emergence
and escalation of risky encounters for the parties
involved in the conflict situation.
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