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Abstract Predicting crime remains a central issue for social
science research. Perspectives that consider the role of self-
control have added greatly to our ability to explain and predict
criminal behavior. However, this approach has been narrowly
focused on the role of individual differences in trait self-con-
trol, limiting the potential of this approach to integrate a range
of findings in the literature. To realize the full potential of the
self-control construct to explain criminal behavior, we use the
Dual Component Theory of Inhibition Regulation (DCTIR).
We discuss how the model can account for a number of find-
ings, including patterns of recidivism, age differences, and the
role of socioeconomic factors in crime. The DCTIR provides a
framework for integrating these findings, generating new pre-
dictions, and ultimately better predicting criminal behavior.
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Criminal behavior is behavior that is deviant, unacceptable, and
has been codified as unlawful. It is important to understand and
predict criminal behavior for scientists and lay persons alike.
Indeed, Anderson (1999) found that the net annual cost burden
of crime, across the United States, exceeded one trillion dollars.
Therefore, research that helps to understand and ultimately
reduce criminal behavior is of great importance. An impor-
tant approach to the understanding of crime has involved
examining the role of self-control (Pratt and Cullen 2000).
This perspective has largely taken an individual difference

approach, viewing self-control as a trait that is lacking in
individuals prone to committing crime. Additionally, this
research has proceeded without a theory of the mechanism
of self-control. As a result, self-control approaches to un-
derstanding crime have been rather limited in scope. In this
paper, we discuss the Dual Component Theory of
Inhibition Regulation (DCTIR), which proposes a specific
mechanism of self-control. We then discuss how individual
differences as well as situational and societal factors can
affect the operation of self-control, accounting for a wide-
range of criminal behavior. Thus, the DCTIR provides a
framework for advancing research and understanding of
criminal behavior.

Self-Control

Psychologists have long been interested in self-control, in-
cluding the possibility that it plays a role in criminal behavior.
However, it was Gottfredson and Hirschi’s (1990) general
theory of crime that highlighted the importance of self-
control for understanding crime. The general theory of crime
argues that self-control can explain a wide range of behavior,
including all types of crime (Gottfredson and Hirschi 1990).
According to the theory, engaging in crime is a form of im-
mediate gratification. Self-control is required to prevent
succumbing to these short-term desires. Thus, individuals
who have an impulsive personality and lack strong social
bonds are more likely to exhibit criminal behavior when the
opportunity arises.

Although there is a large literature on self-control, there is
still a lack of consensus on the definition of this construct.
Hirschi and Gottfredson (1994) defined self-control as the
Btendency to avoid acts whose long-term costs exceed their
momentary advantages^ (p. 3). They argued that self-control
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involves six elements: impulsivity, preference for simple
tasks, risk-seeking, preference for physical activities, self-cen-
teredness, and a volatile temper. This definition of self-control
has been criticized for being tautological (Arneklev et al.
2006). In other words, it should not be surprising that a vola-
tile temper and risk-taking predict criminal behavior, as those
features tend to define many crimes. Additionally, this defini-
tion also includes constructs (e.g., self-centeredness) that most
researchers would argue are separate from self-control. Thus,
the definition of self-control in the general theory of crime is
problematic.

Although Gottfredson and Hirschi’s definition can be crit-
icized, it is not as if there is an agreed upon definition of self-
control or a consensus on the best way tomeasure self-control.
Baumeister et al. (2007) argue that self-control is the mental
process that allows people to override their thoughts,
emotions, and behaviors in order to keep in line with
overarching goals, but these researchers usually focus on
inhibition of impulses as the means to do so. Fujita (2011)
argues that self-control is not just inhibition of impulses but
may be the process of advancing distal, rather than proximal,
motivations when there is competition between the two.
Miyake et al. (2000) show that inhibition is related to other
Bexecutive functions^ like task switching and working
memory, but is a distinct construct. Self-control is clearly
a complex construct. Although self-control may be multi-
faceted, most researchers do agree that the heart of self-
control is inhibitory cognitive control (Inzlicht et al. 2014).
That is, the heart of self-control is inhibiting responses
motivated by short-term rewards. In addition to this view
of self-control being more conceptually sound and more
easily tested, it also is preferable because it avoids any
tautology when predicting crime.

A second issue in this approach has been that researchers
have not proposed a mechanism that produces self-control
related criminal behavior. Self-control is simply described as
a tendency or trait. As a result, the applicability of the self-
control approach is somewhat limited. To truly understand
self-control, as well as its relationship to criminal behavior,
we must have an explicit theory of the mechanism that pro-
duces self-control behavior. There are at least three benefits to
this approach. First, it allows for more specific predictions
concerning the role of self-control in criminal behavior.
Second, it is allows for a more broad integration of findings
from different literatures. Third, it can generate new ways to
think about the role of self-control in criminal behavior.

A final issue is that Gottfredson and Hirschi’s (1990) gen-
eral theory of crime has argued that socialization, familial
socialization particularly, is the main contributor to the devel-
opment of differences in self-control. Indeed, evidence does
suggest that social factors play a role in the development of
self-control (Pratt et al. 2004). However, empirically, social
factors are only one part of the story. Biological factors,

including neuropsychological deficits, have shown to contrib-
ute to the etiology of self-control and criminal behavior
(Wright and Beaver 2005; Ratchford and Beaver 2009;
Jorgensen et al. 2016). Thus, self-control perspectives such
as the general theory of crime are ill suited in integrating
biological and neuroscientific findings. For example, recent
research has linked the heritability of self-control with antiso-
cial outcomes and the P300 brain response (Yancey et al.
2013). The P300 is a positive deflection brain response that
is typically elicited through infrequent, task-relevant stimuli.
A reduction in amplitude of the P300 response has been linked
with substance use problems and antisocial behaviors (Porjesz
et al. 1980; Iacono et al. 2002). Yancey et al. (2013) found that
higher trait disinhibition scores mediated the relationship be-
tween antisocial behavior/substance use scores and P300 re-
sponse. They also found a genetic link to trait disinhibition
and antisocial/addictive problems. Furthermore, the observed
association between disinhibition scores and antisocial
behaviors/substance use scores could be attributed to common
genetic effects and these effects were able to account for the
P300 relationships. In other words, there was a strong genetic
relationship to the observed findings. Such evidence is diffi-
cult to integrate with the view on the etiology of self-control
from a general theory of crime approach, where familial so-
cialization effects are primarily considered.

We have elsewhere proposed a mechanistic account of the
operation of self-control, called the dual component theory of
inhibition regulation, which addresses these shortcomings
(DCTIR; Reynolds and McCrea 2016). We first summarize
the theory, and then consider how this theory can contribute to
our understanding of criminal behavior.

The DCTIR

The DCTIR is a domain specific, modular theory (Reynolds
and McCrea 2016). A module is a mechanism designed to
carry out a specific function (Ermer et al. 2007; Kurzban
2010; Pinker 1997). Although there are some domain general
mechanisms, the assumption of the DCTIR is that there are
numerous domain-specific, functionally specialized mecha-
nisms that make up the mind. This view is consistent with
the evolutionary psychology approach (Ermer et al. 2007;
Kurzban 2010; Pinker 1997).

The DCTIR argues that self-control is accomplished using
one of these modules. The DCTIR defines self-control as in-
hibition regulation, Bthe process by which computational
mechanisms produce and adjust inhibition effort^ (Reynolds
andMcCrea 2016, p. 20). The function of this mechanism is to
inhibit other modules that motivate immediate, prepotent, or
impulsive behavior in search of short-term rewards. The inhi-
bition module likely evolved to regulate these impulsive mod-
ules that may have conflicting outcomes with other, more
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long-term systems. For example, impulsive modules promot-
ing aggressive behavior may conflict with systems designed
for maintaining long-term interpersonal relationships.

There are two primary components of the inhibition mod-
ule: a monitor and a threshold (see Fig. 1). The monitor com-
ponent determines when and howmuch to inhibit. The thresh-
old component determines when inhibition of the impulsive
modules should stop. The entire module is conceptualized as
an algorithm or a set of decision rules.

The monitor component includes two subroutines. The de-
tection subroutines detect the activation of a specific impul-
sive module, which allows the system to inhibit it. Thus the
detection subroutines essentially ask Bdoesmodule ‘A’ need to
be inhibited?^ (see Fig. 2). The detection subroutines thus
solve the problem of identifying situations requiring self-con-
trol. A detection subroutine is created whenever there is a
conflict between an impulsive module and a long-term mod-
ule. If a detection subroutine is not activated, then no signal is
sent, and inhibition will not be applied. If a detection subrou-
tine is activated, a signal is then sent to the next subroutine, the
measurement subroutine.

In the measurement subroutine, a measure of the signal
(i.e., the output) from the detected module is taken. These
computations are represented as costs, motivation, or tempta-
tion. The measurement subroutine determines how tempting
the situation is. Thus a more tempting situation will register a
greater signal in the measurement subroutine compared to a
less tempting situation. As the measurement subroutine is
measuring temptation, it activates the next step, the inhibit
subroutine. The inhibit subroutine produces inhibition effort.
The level of inhibition effort is determined by the level of
measured temptation. In other words, a greater temptation
registered in the measurement subroutine means that greater
inhibition effort will be produced by the inhibit subroutine.
The output that is produced by the inhibit subroutine is the
final output from the monitor component. The next compo-
nent is the threshold.

Threshold is the individual’s tolerance for applying inhib-
itory effort. As such, there are likely to be large individual
differences in threshold (see Figs. 3 and 4). That is, some

individuals will have a low tolerance for applying inhibitory
effort and others will have a high tolerance. As threshold is
processing the inhibitory effort signal sent from the monitor,
one of two outcomes is possible. As long as the threshold is
not met, a signal is sent from the threshold component
inhibiting the impulsive module. If there is greater or more
sustained inhibition effort, threshold is more likely to be met.
If the threshold is met then the inhibition module stops
inhibiting, and the impulsive module carries through with its
output (thus an inhibition termination effect). That is, if thresh-
old is met, the person will engage in the impulsive behavior.
Theoretically, threshold is measured through an assessment of
an individual’s self-control behavior for a variety of goals,
their level of temptation applied to those goals, and the inhib-
itory effort used to stop those impulsive behaviors, as well as a
person’s behavioral enactment. A more simple measure of
chronic inhibitory level may be attained through trait mea-
sures in self-control or, from a neuropsychological per-
spective, trait measures in inhibitory executive functioning,
as well as strength of activity in prefrontal brain regions
(e.g., ventrolateral prefrontal cortex). In sum, the likeli-
hood that an individual will stop inhibiting and engage
in the impulsive behavior is a function of the amount
and duration of temptation, and their tolerance of inhibition.
By describing the mechanism that produces self-controlled be-
havior, the DCTIR can provide a more nuanced understanding
of the self-control crime relationship.

The DCTIR and Criminal Behavior

Using the DCTIR as the primary theory of self-control with
which to examine the relationship with crime allows for im-
proved predictions, improved integration of findings, and cre-
ates new avenues of research. According to the DCTIR, there
are at least three ways in which the inhibition module can
affect criminal behavior: no detection subroutine for the crim-
inal behavior exists, the modules involved with the criminal
behavior register high costs or temptation, or individuals have
a low threshold for inhibition.

Fig. 1 A model of the
mechanism proposed by the dual
component theory of inhibition
regulation (Reynolds andMcCrea
2016, p. 10)
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Role of the Detection Subroutine

According to the DCTIR, the first explanation for criminal
behavior would be cases in which the individual does not view
the behavior as requiring self-control. In the language of the
DCTIR, the individual has no detection subroutine for
inhibiting the modules that produce the criminal behavior.
There are likely modules whose function it is to produce be-
haviors directly or indirectly related to crime. These could
include aggression modules, deception modules, and sexual
coercion modules. If an individual has a corresponding detec-
tion subroutine, it will become activated when it detects the
output of the module. Thus, a detection subroutine for aggres-
sion will be activated when it detects the output of the aggres-
sion module. Once detected, these behaviors can be inhibited.
However, not all individuals are likely to have a detection
subroutine for a given behavior. For example, some individ-
uals do not attempt to regulate their diet, and thus do not have
a detection subroutine for eating high calorie food. Likewise,
some individuals may not attempt to regulate their aggressive
or sexual behavior, and thus do not have a detection subrou-
tine for these behaviors. As a result, they will not engage the
inhibitory module, and will instead carry through with the
behavior. The DCTIR would therefore predict that only indi-
viduals who are tempted to commit crime and believe they
should not commit crime will attempt to resist that impulse.
There are several patterns of criminal behavior that can be
explained in this manner. For example, individuals with

Machiavellian, sadistic, or psychopathic traits have little
empathy for victims and thus would not attempt to restrain
aggressive behavior (Salekin 2008). Psychopathic traits are con-
sistent predictors of recidivism, even controlling for demograph-
ic variables and criminal history (Hemphill et al. 1998). Beyond
personality differences, individuals may learn that criminal be-
haviors are normative or even rewarded. For example, gang
members may be rewarded for engaging in crimes
(Alleyne et al. 2014; Hughes 2013; Densley 2014). Even
in the broader society, some acts are considered acceptable
despite being prohibited. Subjective norms influence a range of
behaviors including jaywalking, littering, speeding, and
downloading copyrighted material (Keizer et al. 2008;
Keuschnigg and Wolbring 2015; Neri 2005; Parker et al. 1992;
Cox et al. 2010; Depoorter et al. 2005)

Role of the Measurement Subroutine

Assuming individuals do have a corresponding detection sub-
routine, they will attempt to inhibit the potential criminal be-
havior. The DCTIR holds that the measurement subroutine
will register the degree of temptation to engage in the behavior
so that the system can produce a corresponding level of inhib-
itory effort. Thus, the likelihood that an individual will engage
in the behavior is determined in part by how tempting or costly
modules are perceived to be. Just as there are individual dif-
ferences in the detection subroutines, there are likely to be
individual differences in the temptation to engage in the

Fig. 2 A model of the monitor
where specifically module BA^
has been detected (Reynolds and
McCrea 2016, p. 11)

Fig. 3 Model of the threshold
component from someone with a
low threshold (Reynolds and
McCrea 2016, p. 12)
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behavior. Thus, two individuals may have a detection subrou-
tine for a crime-related module (s), but the individuals could
differ in how costly or tempting that module is perceived. For
example, Jeff and Brian both have detection subroutines for
crime-related modules, but Brian is highly tempted by high-
end electronics. Jeff is only mildly tempted by such crime-
related stimuli. If both individuals have the opportunity to
steal high-end electronics, Brian will register a greater signal
in the measurement subroutine indicating greater temptation.
He will thus be more likely to eventually stop inhibiting and
steal the electronics. According to the DCTIR, variations in
the level of crime-related temptation predict the likelihood of
eventually committing crime. In other words, an increase in
the temptation to engage in crime should predict criminal
behavior.

A number of findings in the literature support this view. For
example, individual differences in trait impulsivity predict
likelihood of engaging in criminal behavior (Vazsonyi et al.
2006; Zimmerman 2010). However, this perspective suggests
that the level of temptation experienced will be specific to that
domain. That is, a given individual may be more tempted to
engage in certain types of crimes than others. Indeed, past
offenses are predictive of future offenses of the same type
(Hanson et al. 2010).

Relatedly, the DCTIR predicts that there will be variation in
the temptation of the situation. More tempting situations are
more likely to cause the individual to stop inhibiting, as the
individual is more likely to meet threshold. A straightforward
prediction of the model is that individuals will be more
tempted to steal highly valuable goods. Criminal behavior
should also be more likely for highly salient temptations.
For example, individuals may steal goods that are more acces-
sible or from locations that are more familiar. Similarly, many
violent crimes are not planned but involve a Bheat of the
moment^ response to a provocation (Wolfgang and Ferracuti
1969; Solway et al. 1981; Fox et al. 2012; Navis et al. 2008).

A common feature of crime is the presence of alcohol. For
example, McClelland and Teplin (2001) examined 2365 po-
lice citizen encounters and found that 43.3% of violent crime
and sexual assaults and 46.1% of public order crimes involved
alcohol. Results also indicated that suspects were more likely
to be intoxicated than victims. Thus, it is important to under-
stand the relationship between alcohol and criminal behavior.
An early explanation for such behavior was disinhibition

theory, which argued that intoxicated individuals were not
able to control themselves. However, this view did not receive
empirical support (MacAndrew and Edgerton 1969). A theory
with better support is alcohol myopia, which argues that in-
toxicated individuals respond to a restricted set of immediate
cues while also ignoring remote cues indicating potential con-
sequences (Griffin et al. 2010). Using the DCTIR, alcohol
myopia and the relationship between crime and alcohol can
be explained. According to the DCTIR, responding to a re-
stricted set of immediate cues causes the modules that are
being inhibited to be more responsive and reward-sensitive.
In other words, the immediate cues are more powerful when
individuals are intoxicated. A greater signal is therefore regis-
tered in the measurement subroutine, and a quicker inhibition
termination effect is likely. To give an example, suppose
George is intoxicated and gets into an altercation. George need
not be an aggressive person to act aggressively in this situa-
tion. Alcohol may cause George to respond more strongly to
the immediate Bfight^ cues, resulting in a larger temptation to
aggress. George is likely to meet threshold quicker, and to
subsequently commit a violent crime.

Role of Threshold Component

When individuals reach threshold, they will stop inhibiting
potentially criminal behavior. Thus, the DCTIR posits that
individual differences in the Bchronic^ level of inhibitory tol-
erance, or threshold, will also influence the likelihood of com-
mitting a crime. Individuals with a lower threshold will not
inhibit for as long a period of time as those with a higher
threshold. Similarly, those with a lower threshold will be more
likely to carry-out very tempting behaviors because they will
meet threshold more quickly. In either case, people with a
lower threshold will be more likely to carry through with the
criminal act. Effects of trait self-control on criminal behavior
can be conceptualized as reflecting differences in threshold.

Mead et al. (2009) used the resource, or strength, model to
understand self-control and cheating behavior. This model
holds that initial acts of self-control deplete a limited resource.
Subsequent attempts at self-control are undermined. The term
Bego depletion^ has been used to describe this effect. The
DCITR instead uses the term Binhibition termination effect^
to describe this phenomenon, as inhibitory control stops when
threshold is met rather than when a resource is exhausted.

Fig. 4 Model of the threshold
component from someone with a
high threshold (Reynolds and
McCrea 2016, p. 12)
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Mead et al. (2009) assigned participants to engage in either a
self-control task or a control task. Subsequently, participants
were given a set of math problems to solve. Performance on
the task determined how much money they could earn in the
experiment. Using self-scored versus experiment scored
conditions (making cheating possible in the self-scored
condition), Mead et al. (2009) found that self-control
was not associated with performance or mood. However,
in the self-control condition, participants claimed 25%
more correct answers than did those in the control condi-
tion. Gino et al. (2011) replicated these findings, showing
increased cheating after participants completed a task re-
quiring self-control. Importantly, an advantage of Gino
et al. (2011) was that the actual number of correct re-
sponses for each participant was attained, thus not requir-
ing self-scored versus experimenter-scored conditions. This
was accomplished by recording on a computer how many
math problems they actually solved, but paying partici-
pants based on how many the participants claimed on a
collection slip. Finally, Muraven et al. (2006) found that
self-control increased cheating and that trait self-control
was negatively related to the level of cheating. Although
cheating is not always a criminal behavior, cheating as
measured on these tasks is correlated with delinquency
and deviant behavior (Reynolds and McCrea 2015).
Thus, these studies suggest that not only is trait self-
control related to criminal and deviant behavior, but that
variations in state self-control could influence the tendency
to engage in such behavior.

Trait self-control is predicted in the DCTIR to be partly a
manifestation of threshold. This explains the relative stability
in self-control and the moderating effects of trait self-control.
Thus, the typical criminological study which involves trait
measures of criminal behavior and self-control can be ex-
plained mechanistically, in terms of level of threshold. Ego
depletion effects are also integrated using threshold. In studies
such asMead et al. (2009), state (as opposed to trait) variations
predict cheating behavior. This line of research demonstrates
that prior attempts at self-control can affect future attempts at
self-control (see also Gino et al. 2011; Muraven et al. 2006).
The DCTIR provides a mechanistic explanation that individ-
uals who stop inhibiting because of the prior use of self-
control have met threshold.

These effects are not limited to stealing money, however.
Studies similar to Gino et al. (2011) have been conducted on
self-control and aggression and may be applicable to certain
types of homicides. DeWall et al. (2007) investigated ego
depletion effects and aggression, as well as the role of trait
self-control. In multiple experiments, participants engaged in
a self-control task or control, and completed measures of ag-
gression. For example, participants had to imagine a hypothet-
ical bar scenario, in which a person of the opposite sex flirts
with their spouse and then violently shoves the participant.

Participants rated how likely they would be to smash a bottle
over the individual’s head. Results indicated that participants
who had just engaged in a self-control task responded more
aggressively in the hypothetical scenario. However, this effect
was moderated by individuals’ level of trait self-control.
Importantly, only among participants who scored relatively
low on trait self-control and engaged in the prior self-control
task demonstrated an increase in level of intention to aggress.
Of course, intention to aggress is not the same as actual ag-
gression or criminal behavior. However, these laboratory re-
sults may extend to situations of actual violent criminal be-
havior, trivial altercation homicides.

Although there are many different contexts in which homi-
cide occurs, the most common is a male killing another male,
usually after an altercation (Wolfgang 1958; Wilson and Daly
1985). These homicides are usually classified under the label,
Btrivial altercation^, because the conflict appears to result
from a minor offense including an insult or even perceived
slight. Although the conflicts appear trivial on the surface, the
underlying motivation to maintain status and face is not trivial
(Wilson and Daly 1985; Daly and Wilson 1988). There are
many explanations, both distal and proximal, for this type of
homicide, but self-control may also play a role. For example,
some of these homicides may be the result of an inhibition
termination effect due to the individual meeting threshold. As
in DeWall et al. (2007), we would expect a moderating effect
of trait self-control in the commission of these types of homi-
cides. In this manner, the DCITR can be used to mechanisti-
cally explain why some individuals may commit acts of vio-
lence and homicide in trivial altercation situations, while
others do not. Specifically, the DCTIR predicts that individ-
uals who have lower thresholds, as compared to higher thresh-
olds, are more prone to engage in criminal behavior in these
situations as they are more likely to reach threshold. This
might also help explain the effects of some traumatic brain
injury in relation to self-control and crime. For example, per-
petrators of domestic violence tend to have higher rates of
severe traumatic brain injury and score lower on measures of
executive function (Marsh and Martinovich 2006).

Multiple Components

Finally, there are variables that could affect multiple compo-
nents in the DCTIR model. The effects of age and socioeco-
nomic factors on crime are examples of such variables.

Age and Crime Perhaps one of the best known effects in
criminology is the age effect. Research has demonstrated that
age is a strong predictor of criminal offending. Adolescents and
young adults are more likely to commit crime than are other
age groups (Farrington 1986; Hirschi and Gottfredson 1983;
Piquero et al. 2003; Shulman et al. 2014; Sweeten et al. 2013).
This relationship cannot be explained solely with self-control.
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However, the DCTIR can add to the explanation. Not all parts
of the multi-component module proposed by the DCTIR have
the same developmental trajectory. For example, only the
threshold component is proposed to be relatively (not absolute-
ly) stable. Indeed, developmental evidence supports the relative
stability of self-control (see Vazsonyi and Huang 2010). In
other words, self-control may increase over the course of de-
velopment, but individuals who had lower self-control in child-
hoodwill tend to have lower self-control than do those who had
higher self-control as children (i.e., rank differences remain).
However, themodules that are being regulated by the inhibition
module change greatly over development. One way the behav-
ior associated with these systems changes is with regard to how
motivating they are to pursue. For example, prior to puberty,
mating behaviors are largely silent. Once individuals can repro-
duce, these behaviors become more central. Over the
lifespan, these eventually decrease, and reproductive con-
cerns are less relevant. Thus, puberty is a time when sexual
behaviors are particularly motivating. As a result, when
adolescents are in a self-control situation involving these
behaviors, the measurement subroutine is measuring a high
cost. This makes it more likely that the adolescent individ-
ual will eventually stop inhibiting. However, threshold is
predicted to increase linearly over the course of develop-
ment. Thus, adolescents have thresholds that are lower than
they will be when they are in their late 20’s. Therefore,
there is a mismatch between these powerfully motivating
behaviors, which include criminal behavior, and the toler-
ance for applying inhibitory effort. This makes adolescence
a unique period of time and one ripe for producing crim-
inal behavior.

The mismatch in impulsive motivating systems and com-
ponents of self-control is supported by neurodevelopmental
evidence. For example, brain maturation in reward centers,
such as the striatum, occurs early in adolescence. Maturation
for neural areas implicated in self-control, such as the lateral
prefrontal cortex, occurs later (Luna et al. 2010; Steinberg
2010). In addition to a difference in maturation times for dif-
ferent neural areas to consider, there is also an increase over
time in connectivity between subcortical regions like the stri-
atum and prefrontal regions (e.g., Bos et al. 2012). Just as
there is an increase in connectivity in these neural systems,
the DCTIR would predict that an increase in the connectivity
between impulsive systems and the monitoring system would
affect self-control behavior. Thus, not only are differential
maturation rates implicated, but the connectivity in these sys-
tems as well.

Construing the strength of temptations is also a critical
aspect of self-control, as proposed by the DCTIR, and there
may also be a developmental mismatch in this type of process-
ing. For example, the anterior insular cortex, is a neural area
responsible for interpreting signals of arousal and coordinat-
ing context relevant brain networks (Menon and Uddin 2010).

The anterior insular cortex also appears to be maturationally
imbalanced (i.e., relatively immature) in adolescence in
comparison to cognitive control areas. As a result, affec-
tively driven behavior, such as criminal behavior, is more
likely (Smith et al. 2014).

Duckworth and Steinberg (2015) also make a distinction
between the different developmental trajectories of impulsive
sensation-seeking processes and the ability to control them.
However, only the DCTIR mechanistically explains these tra-
jectories and does so with a more fully developed theory of
self-control. This shows that the DCTIR can help explain the
age and crime relationship, one of the most fundamental ef-
fects in criminology.

Socioeconomic Effects In the sociological and criminological
literatures, the effects of poverty and inequality on crime are
heavily researched and central to many theories. However, the
effects of poverty and inequality are not always consistent and
there is much debate about which variable is more important.
For example, Chamlin and Cochran (2005) found that high
levels of inequality lead to higher homicide rates. Similarly,
Daly et al. (2001) found that, in both Canada and the United
States, greater income inequality was related to homicide rate
and could account for the different homicide rates in the two
countries. However, Pare and Felson (2014) found that in-
equality is not related to multiple types of crime (including
homicide) when controlling for poverty. Ouimet (2012) exam-
ined homicide rates for 165 countries and found that both
poverty and inequality were generally significant predictors,
although in some countries only inequality predicted
homicide rate. Hsieh and Pugh (1993) conducted a meta-
analysis and found that both income inequality and poverty
moderately predicted violent crime. Collectively, these results
suggest that both poverty and income inequality are relevant
to at least some types of crime, although they likely depend on
many factors. There are numerous explanations as to why
poverty and inequality affect crime. Part of the explanation
may involve self-control.

The DCTIR predicts that self-control interacts with the en-
vironment in adaptive ways. For example, when the environ-
ment has highmorbidity, mortality, and unpredictability (char-
acterizing many poverty stricken areas), it is adaptive to lower
threshold. For example, it would be adaptive to indulge crav-
ings for food during a famine or if food schedules were un-
predictable. Of course, what is adaptive for the individual may
not be socially desirable. Similarly, if individuals are raised in
poverty-stricken and unpredictable environments, their crimi-
nal behavior will be affected. In situations involving the self-
control of crime, these individuals are less likely to resist. In
the evolutionary sense, this behavior could be adaptive (i.e.,
raising fitness), though it may not be socially desirable. There
is evidence for such effects in the life history theory literature
(see Ellis et al. 2009 for a review).
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Income inequalitymay affect another aspect of self-control.
Whereas poverty is hypothesized to cause changes in thresh-
old, income inequality is hypothesized to affect the monitor
component of the DCTIR. One consequence of income in-
equality is that one’s relative diminutive income may be made
more salient. Thus, income inequality may remind individuals
of their lack of resources relative to others. In a crime relevant
self-control situation, engaging in the criminal behavior would
register a higher temptation in the measurement subroutine.
More tempting behaviors should make it more likely that
threshold will be reached, thus stopping inhibition. The lack
of resources relative to others may additionally create the need
to inhibit thoughts about this situation. This added inhibitory
effort may result in an ego depletion/inhibition termination
effect. Although these questions should be empirically ad-
dressed, the DCTIR nonetheless provides several novel hy-
potheses to explain the relationship between poverty and in-
equality and crime.

Universal Nature of Self-Control Vazsonyi et al. (2001) in-
vestigated the role of self-control in Hungary, the Netherlands,
Switzerland, and the United States, in a large (N = 8417) rep-
resentative sample of adolescents. The results showed that
self-control reliably predicted deviance in all four countries
and accounted for a substantial amount of the variance in total
deviance scores (20% on average). Furthermore, Vazsonyi
and Huang (2015) found similar results in a cross-cultural
sample of eleven countries. These cross-cultural studies are
important contributions because they show that the self-
control and crime relationship is not simply a peculiarity of
the United States, but occurs across several different countries.
This suggests the effect is a universal phenomenon, which is
more likely to occur for biological and evolutionary reasons,
as opposed to sociological reasons. This is an important aspect
of self-control that theories of self-control must explain.
Indeed, the DCTIR can account for such findings. The inhibi-
tion module proposed by the DCTIR is argued to be an
evolved computational system. Although culture should play
a role, the DCITR predicts that all humans share the same
basic computational inhibition mechanism. This means that,
although local culture can shape self-control, everyone has the
same inhibitory mechanism. Thus, the self-control and crime
relationship should hold regardless of culture. Once again the
DCTIR can integrate an important criminological finding.

Conclusions

We have argued that self-control is an important construct to
understand crime and that self-control as a variable has not
been examined to its fullest potential. What is lacking is a
theory that directly specifies the mechanism of self-control.
Herein, we have offered the DCTIR as a mechanistic theory

that has the potential to expand this line of research by making
more nuanced predictions, integrating findings, and generat-
ing new avenues for research. The module proposed by the
DCTIR is not meant to explain every self-control effect.
However, the DCTIR is a significant improvement over past
models and using the DCTIR can enhance current perspec-
tives on self-control and crime. By the same token, research
using the DCTIR to understand crime, may also further our
understanding of self-control itself. Thus applying the DCITR
to crime is mutually beneficial. The future of self-control and
crime research is bright, using the DCITR can contribute to
that future in substantial ways.

Compliance with Ethical Standards

Conflict of Interest Joshua Reynolds declares that he has no conflict of
interest. Sean McCrea declares that he has no conflict of interest.

Funding This study was not funded.

Ethical Approval This article does not contain any studies with human
participants performed by any of the authors.

References

Alleyne, E., Fernandes, I., & Pritchard, E. (2014). Denying humanness to
victims: how gang members justify violent behavior. Group
Processes & Intergroup Relations, 17(6), 750–762. doi:10.1177
/1368430214536064.

Anderson, D. A. (1999). The aggregate burden of crime. Journal of Law
and Economics, 42(2), 611–642. doi:10.1086/467436.

Arneklev, B. J., Elis, L., & Medlicott, S. (2006). Testing the general
theory of crime: comparing the effects of Bimprudent behavior^
and an attitudinal indicator of Blow self-control^. Western
Criminology Review, 7(3), 41–55.

Baumeister, R. F., Vohs, K. D., & Tice, D. M. (2007). The strength model
of self-control. Current Directions in Psychological Science, 16(6),
351–355. doi:10.1111/j.1467-8721.2007.00534.x.

Bos, V. D.W., Cohen, M. X., Kahnt, T., & Crone, E. A. (2012). Striatum-
medial prefrontal cortex connectivity predicts developmental chang-
es in reinforcement learning. Cerebral Cortex, 22(6), 1247–1255.
doi:10.1093/cercor/bhr198.

Chamlin, M. B., & Cochran, J. K. (2005). Ascribed economic inequality
and homicide among modern societies. Homicide Studies, 9(1), 3.

Cox, J., Collins, A., & Drinkwater, S. (2010). Seeders, leechers and social
norms: evidence from the market for illicit digital downloading.
Information Economics and Policy, 22(4), 299–305. doi:10.1016/j.
infoecopol.2010.09.004.

Daly, M., & Wilson, M. (1988). Homicide. Hawthorne, NY, US: Aldine
de Gruyter.

Daly, M., Wilson, M., & Vasdev, S. (2001). Income inequality and homi-
cide rates in Canada and the United States. Canadian Journal of
Criminology, 43(2), 219.

Densley, J. A. (2014). It's gang life, but not as we know it: the
evolution of gang business. Crime and Delinquency, 60(4),
517–546. doi:10.1177/0011128712437912.

Curr Psychol

http://dx.doi.org/10.1177/1368430214536064
http://dx.doi.org/10.1177/1368430214536064
http://dx.doi.org/10.1086/467436
http://dx.doi.org/10.1111/j.1467-8721.2007.00534.x
http://dx.doi.org/10.1093/cercor/bhr198
http://dx.doi.org/10.1016/j.infoecopol.2010.09.004
http://dx.doi.org/10.1016/j.infoecopol.2010.09.004
http://dx.doi.org/10.1177/0011128712437912


Depoorter, B., Parisi, F., & Vanneste, S. (2005). Problems with the en-
forcement of copyright law: is there a social norm backlash?
International Journal of the Economics of Business, 12(3),
361–369.

DeWall, C. N., Baumeister, R. F., Stillman,M. T., &Galliot, M. T. (2007).
Violence restrained: effects of self-regulation and its depletion on
aggression. Journal of Experimental Social Psychology, 43, 62–76.
doi:10.1016/j.jesp.2005.12.005.

Duckworth, A. L., & Steinberg, L. (2015). Unpacking self‐control. Child
Development Perspectives, 9(1), 32–37. doi:10.1111/cdep.12107.

Ellis, B. J., Figueredo, A., Brumbach, B. H., & Schlomer, G. L. (2009).
Fundamental dimensions of environmental risk: the impact of harsh
versus unpredictable environments on the evolution and develop-
ment of life history strategies. Human Nature, 20, 204–268.
doi:10.1007/s12110-009-9063-7.

Ermer, E., Cosmides, L., & Tooby, J. (2007). Functional specialization
and the Adaptationist program. In S.W. Gangestad & J. A. Simpson
(Eds.), The evolution of mind: fundamental questions and
controversies (pp. 153–160). New York: Guilford Press.

Farrington, D. P. (1986). Age and crime. In M. Tonry & N.Morris (Eds.),
Crime and justice: an annual review of research (Vol. 7, pp. 189–
250). Chicago: University of Chicago Press.

Fox, J. A., Levin, J., & Quinet, K. (2012). The will to kill: making sense of
senseless murder (4th ed.). Boston: Pearson.

Fujita, K. (2011). On conceptualizing self-control as more than the effort-
ful inhibition of impulses. Personality and Social Psychology
Review, 15(4), 352–366. doi:10.1177/1088868311411165.

Gino, F., Scheitzer, M. E., Mead, N. L., & Ariely, D. (2011). Unable to
resist temptation: how self-control depletion promotes unethical be-
havior. Organizational Behavior and Human Decision Processes,
15, 191–203. doi:10.1016/j.obhdp.2011.03.001.

Gottfredson, M. R., & Hirschi, T. (1990). A general theory of crime.
Stanford: Stanford University Press.

Griffin, J. A., Umstattd, M. R., & Usdan, S. L. (2010). Alcohol use and
high-risk sexual behavior among collegiate women: a review of
research on alcohol myopia theory. Journal of American College
Health, 58(6), 523–532. doi:10.1080/07448481003621718.

Hanson, R. F., Sawyer, G. K., Begle, A. M., & Hubel, G. S. (2010). The
impact of crime victimization on quality of life. Journal of
Traumatic Stress, 23(2), 189. doi:10.1002/jts.20508.

Hemphill, J. F., Hare, R. D., & Wong, S. (1998). Psychopathy and recid-
ivism: A review. Legal and Criminological Psychology, 3(1), 139–
170. doi:10.1111/j.2044-8333.1998.tb00355.x.

Hirschi, T., & Gottfredson, M. (1983). Age and the explanation of crime.
American Journal of Sociology, 89, 552–584.

Hirschi, T., & Gottfredson, M. R. (Eds.). (1994). The generality of
deviance. New Brunswick: Transaction.

Hsieh, C., & Pugh, M. D. (1993). Poverty, income inequality, and violent
crime: a meta-analysis of recent aggregate data studies. Criminal
Justice Review, 18(2), 182–202. doi:10.1177/073401689301800203.

Hughes, L. A. (2013). Group cohesiveness, gang member prestige, and
delinquency and violence in Chicago, 1959–1962. Criminology,
51(4), 795–832. doi:10.1111/1745-9125.12020.

Iacono, W. G., Carlson, S. R., Malone, S. M., & McGue, M. (2002). P3
event-related potential amplitude and the risk for disinhibitory dis-
orders in adolescent boys. Archives of General Psychiatry, 59(8),
750–757. doi:10.1001/archpsyc.59.8.750.

Inzlicht, M., Schmeichel, B. J., &Macrae, C. N. (2014). Why self-control
seems (but may not be) limited. Trends in Cognitive Sciences, 18(3),
127–133. doi:10.1016/j.tics.2013.12.009.

Jorgensen, C., Anderson, N. E., & Barnes, J. C. (2016). Bad brains: crime
and drug abuse from a neurocriminological perspective. American
Journal of Criminal Justice, 41(1), 47–69. doi:10.1007/s12103-
015-9328-0.

Keizer, K., Lindenberg, S., & Steg, L. (2008). The spreading of disorder.
Science, 322(5908), 1681–1685. doi:10.1126/science.1161405.

Keuschnigg, M., & Wolbring, T. (2015). Disorder, social capital, and
norm violation: three field experiments on the broken windows
thesis. Rationality and Society, 27(1), 96–126. doi:10.1177
/1043463114561749.

Kurzban, R. (2010).Why everyone (else) is a hypocrite: evolution and the
modular mind. Princeton: Princeton University Press.

Luna, B., Padmanabhan, A., & O’Hearn, K. (2010). What has fMRI
told us about the development of cognitive control through ad-
olescence? Brain and Cognition, 72(1), 101–113. doi:10.1016/j.
bandc.2009.08.005.

MacAndrew, C., & Edgerton, R. B. (1969). Drunken comportment: a
social explanation. Chicago: Aldine.

Marsh, N. V., & Martinovich, W. M. (2006). Executive dysfunction and
domestic violence. Brain Injury, 20(1), 61–66. doi:10.1080
/02699050500110645.

McClelland, G. M., & Teplin, L. A. (2001). Alcohol intoxication and
violent crime: Implications for public health policy. American
Journal on Addictions, 10(Supplement 1), 70–86. doi:10.1080
/10550490150504155.

Mead, N. L., Baumeister, R. F., Gino, F., Schweitzer, M. E., & Ariely, D.
(2009). Too tired to tell the truth: self-control resource depletion and
dishonesty. Journal of Experimental Psychology, 45, 594–597.
doi:10.1016/j.jesp.2009.02.004.

Menon, V., & Uddin, L. Q. (2010). Saliency, switching, attention and
control: a network model of insula function. Brain Structure &
Function, 214(5–6), 655. doi:10.1007/s00429-010-0262-0.

Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H., &
Howerter, A. (2000). The unity and diversity of executive func-
tions and their contributions to complex 'frontal lobe' tasks: a
latent variable analysis. Cognitive Psychology, 41(1), 49–100.
doi:10.1006/cogp.1999.0734.

Muraven, M., Pogarsky, G., & Shmueli, D. (2006). Self-control depletion
and the general theory of crime. Journal of Quantitative
Criminology, 22(3), 263–277. doi:10.1007/s10940-006-9011-1.

Navis, C., Brown, S. L., & Heim, D. (2008). Predictors of injurious
assault committed during or after drinking alcohol: A case–control
study of young offenders. Aggressive Behavior, 34(2), 167–174.
doi:10.1002/ab.20231.

Neri, G. (2005). Sticky fingers or sticky norms? Unauthorized music
downloading and unsettled social norms. Georgetown Law
Journal, 93(2), 733.

Ouimet, M. (2012). A world of homicides: the effect of economic
development, income inequality, and excess infant mortality on
the homicide rate for 165 countries in 2010. Homicide Studies,
16(3), 238–258.

Pare, P., & Felson, R. (2014). Income inequality, poverty and crime across
nations. The British Journal of Sociology, 65(3), 434–458.
doi:10.1111/1468-4446.12083.

Parker, D.,Manstead, A. S. R., Stradling, S. G., Reason, J. T., & Baxter, J.
S. (1992). Intention to commit driving violations: an application of
the theory of planned behavior. Journal of Applied Psychology,
77(1), 94–101. doi:10.1037/0021-9010.77.1.94.

Pinker, S. (1997). How the mind works. New York: W W Norton & Co..
Piquero, A. R., Farrington, D. P., & Blumstein, A. (2003). The criminal

career paradigm. In M. Tonry (Ed.), Crime and justice: A review of
research 30 (pp. 359–506). Chicago: University of Chicago Press.

Porjesz, B., Begleiter, H., & Garozzo, R. (1980). Visual evoked potential
correlates of information processing deficits in chronic alcoholics.
Advances in Experimental Medicine and Biology, 126, 603–623.

Pratt, T. C., & Cullen, F. T. (2000). The empirical status of Gottfredson
and Hirschi’s general theory of crime: a meta-analysis.Criminology,
38, 931–964. doi:10.1111/j.1745-9125.2000.tb00911.x.

Pratt, T. C., Turner, M. G., & Piquero, A. R. (2004). Parental socialization
and community context: a longitudinal analysis of the structural
sources of low self-control. Journal of Research in Crime and
Delinquency, 41(3), 219–243. doi:10.1177/0022427803260270.

Curr Psychol

http://dx.doi.org/10.1016/j.jesp.2005.12.005
http://dx.doi.org/10.1111/cdep.12107
http://dx.doi.org/10.1007/s12110-009-9063-7
http://dx.doi.org/10.1177/1088868311411165
http://dx.doi.org/10.1016/j.obhdp.2011.03.001
http://dx.doi.org/10.1080/07448481003621718
http://dx.doi.org/10.1002/jts.20508
http://dx.doi.org/10.1111/j.2044-8333.1998.tb00355.x
http://dx.doi.org/10.1177/073401689301800203
http://dx.doi.org/10.1111/1745-9125.12020
http://dx.doi.org/10.1001/archpsyc.59.8.750
http://dx.doi.org/10.1016/j.tics.2013.12.009
http://dx.doi.org/10.1007/s12103-015-9328-0
http://dx.doi.org/10.1007/s12103-015-9328-0
http://dx.doi.org/10.1126/science.1161405
http://dx.doi.org/10.1177/1043463114561749
http://dx.doi.org/10.1177/1043463114561749
http://dx.doi.org/10.1016/j.bandc.2009.08.005
http://dx.doi.org/10.1016/j.bandc.2009.08.005
http://dx.doi.org/10.1080/02699050500110645
http://dx.doi.org/10.1080/02699050500110645
http://dx.doi.org/10.1080/10550490150504155
http://dx.doi.org/10.1080/10550490150504155
http://dx.doi.org/10.1016/j.jesp.2009.02.004
http://dx.doi.org/10.1007/s00429-010-0262-0
http://dx.doi.org/10.1006/cogp.1999.0734
http://dx.doi.org/10.1007/s10940-006-9011-1
http://dx.doi.org/10.1002/ab.20231
http://dx.doi.org/10.1111/1468-4446.12083
http://dx.doi.org/10.1037/0021-9010.77.1.94
http://dx.doi.org/10.1111/j.1745-9125.2000.tb00911.x
http://dx.doi.org/10.1177/0022427803260270


Ratchford,M., & Beaver, K.M. (2009). Neuropsychological deficits, low
self-control, and delinquent involvement: toward a biosocial expla-
nation of delinquency. Criminal Justice and Behavior, 36(2), 147–
162. doi:10.1177/0093854808325967.

Reynolds, J. J., & McCrea, S. M. (2015). Exploitative and deceptive
resource acquisition strategies: the role of life history strategy and
life history contingencies. Evolutionary Psychology, 13(3).
doi:10.1177/1474704915593664.

Reynolds, J. J., & McCrea, S. M. (2016). The dual component theory of
inhibition regulation: a new model of self-control. New Ideas in
Psychology, 41, 8–17. doi:10.1016/j.newideapsych.2015.12.001.

Salekin, R. T. (2008). Psychopathy and recidivism frommid-adolescence
to young adulthood: Cumulating legal problems and limiting life
opportunities. Journal of Abnormal Psychology, 117(2), 386–395.
doi:10.1037/0021-843X.117.2.386.

Shulman, E. P., Steinberg, L., & Piquero, A. R. (2014). A mistaken
account of the Age–Crime curve: Response to males and brown
(2013). Journal of Adolescent Research, 29(1), 25–34.
doi:10.1177/0743558413493005.

Smith, A. R., Steinberg, L., & Chein, J. (2014). The role of the anterior
insula in adolescent decision making.Developmental Neuroscience,
36(3–4), 196–209. doi:10.1159/000358918.

Solway, K. S., Richardson, L., Hays, J. R., & Elion,V. H. (1981).
Adolescent murderers: literature review and preliminary research
findings. In J. R. Hays, T. K. Roberts, & K. S. Solway (Eds.),
Violence and the violent individual. 193–209. Jamaica: Spectrum.

Steinberg, L. (2010). A dual systems model of adolescent risk-taking.
Developmental Psychobiology, 52(3), 216. doi:10.1002/dev.20445.

Sweeten, G., Piquero, A. R., & Steinberg, L. (2013). Age and the expla-
nation of crime, revisited. Journal of Youth and Adolescence, 42,
921–938. doi:10.1007/s10964-013-9926-4.

Vazsonyi, A. T., & Huang, L. (2010). Where self-control comes from: on
the development of self-control and its relationship to deviance over

time. Developmental Psychology, 46(1), 245–257. doi:10.1037
/a0016538.

Vazsonyi, A. T., & Huang, L. (2015). Hirschi’s reconceptualization of
self-control: is truth truly the daughter of time? Evidence from elev-
en cultures. Journal of Criminal Justice, 43(1), 59–68. doi:10.1016
/j.jcrimjus.2014.12.005.

Vazsonyi, A., Pickering, L., Junger, M., & Hessing, D. (2001). An em-
pirical test of a general theory of crime: a four-nation comparative
study of self-control and the prediction of deviance. Journal of
Research in Crime and Delinquency, 38, 91–131.

Vazsonyi, A. T., Cleveland, H. H., & Wiebe, R. P. (2006). Does the
effect of impulsivity on delinquency vary by level of neighbor-
hood disadvantage? Criminal Justice and Behavior, 33(4), 511–
541. doi:10.1177/0093854806287318.

Wilson, M., & Daly, M. (1985). Competitiveness, risk taking, and vio-
lence: The young male syndrome. Ethology & Sociobiology, 6(1),
59–73. doi:10.1016/0162-3095(85)90041-X.

Wolfgang,M. E. (1958).Patterns in criminal homicide. Oxford, England:
Univer. Pennsylvania Press.

Wolfgang, M. E., & Ferracuti, F. (1969). The subculture of violence:
towards an integrated theory in criminology (2nd ed.). New York:
Tavistock.

Wright, J. P., & Beaver, K. M. (2005). Do parents matter in creating self-
control in their children? A genetically informed test of Gottfredson
and Hirschi's theory of low self- control. Criminology, 43(4), 1169–
1202. doi:10.1111/j.1745-9125.2005.00036.x.

Yancey, J. R., Venables, N. C., Hicks, B. M., & Patrick, C. J. (2013).
Evidence for a heritable brain basis to deviance-promoting deficits
in self-control. Journal of Criminal Justice, 41(5), 309–317.
doi:10.1016/j.jcrimjus.2013.06.002.

Zimmerman, G. M. (2010). Impulsivity, offending, and the neighbor-
hood: investigating the person—context nexus. Journal of
Quantitative Criminology, 26(3), 301–332. doi:10.1007/s10940-
010-9096-4.

Curr Psychol

http://dx.doi.org/10.1177/0093854808325967
http://dx.doi.org/10.1177/1474704915593664
http://dx.doi.org/10.1016/j.newideapsych.2015.12.001
http://dx.doi.org/10.1037/0021-843X.117.2.386
http://dx.doi.org/10.1177/0743558413493005
http://dx.doi.org/10.1159/000358918
http://dx.doi.org/10.1002/dev.20445
http://dx.doi.org/10.1007/s10964-013-9926-4
http://dx.doi.org/10.1037/a0016538
http://dx.doi.org/10.1037/a0016538
http://dx.doi.org/10.1016/j.jcrimjus.2014.12.005
http://dx.doi.org/10.1016/j.jcrimjus.2014.12.005
http://dx.doi.org/10.1177/0093854806287318
http://dx.doi.org/10.1016/0162-3095(85)90041-X
http://dx.doi.org/10.1111/j.1745-9125.2005.00036.x
http://dx.doi.org/10.1016/j.jcrimjus.2013.06.002
http://dx.doi.org/10.1007/s10940-010-9096-4
http://dx.doi.org/10.1007/s10940-010-9096-4

	Criminal...
	Abstract
	Self-Control
	The DCTIR
	The DCTIR and Criminal Behavior
	Role of the Detection Subroutine
	Role of the Measurement Subroutine
	Role of Threshold Component
	Multiple Components

	Conclusions
	References


