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Abstract

Executive function is one of the structures that explain aggressive and violent behavior. However, the
existing literature has inconsistencies regarding criminal behavior due to the division of executive
functions into three constructs: inhibition, monitoring, and task shifting. Therefore, the main aim of this
study is to assess the effect of executive functions on criminal behavior and the second aim is to examine
the impact of executive functions on different crime types. The research is based on a meta-analysis of 17
studies which were selected upon the inclusion and exclusion criteria. The meta-analysis involved
calculating individual effect sizes for each study and then the overall effect size was calculated by using
the random effects model. Then subgroup analyses were conducted to evaluate the differences due to
crime types and psychological assessment tools. The results revealed that offenders made more errors in
tasks involving executive functions than non-offenders and the findings were consistent with the
literature. Additionally, no publication bias was found in the study. It is expected that this study will lay
the groundwork for future studies.

Keywords: Executive Function, Criminality, Metaanalysis, Impulsivity, Cognition
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Yonetici iglevler, saldirgan ve siddet iceren davramislart agiklayan yapilardan biridir. Ancak mevcut
literatiir, yonetici islevlerin ketleme, izleme ve girev degistirme olmak iizere ii¢c yapiya ayrilmas
nedeniyle su¢ davranisi konusunda tutarsizliklara sahiptir. Bu calismada yonetici islevlerin sucluluk
iizerindeki etkisinin ortaya konmast amaclanmigtir. Bununla birlikte, bu ¢calismamn ikinci amaci da
onceki ¢alismalara ek olarak yoénetici islevlerin su¢ davramsglarina olan etkisini sug tiirlerine gore
kategorize ederek incelemektir. Calismada meta-analiz icin gerekli verilerin toplanmas: amactyla
oncelikle uygun anahtar kelimeler kullamilarak literatiir taramas: yapinugtir. Dislama ve dahil etme
kriterlerine gore 17 calismaya ulagilmigtir. Daha sonva 17 ayri calismadan elde edilen verilerin etki
biiyiikliikleri hesaplannmugtir. Sonrasinda rastgele etkiler modeline gore genel etki biiyiikliigii
hesaplanmugtir. Son olarak, sug tiirleri ve psikolojik degerlendirme araclarmdaki farkliliklara gore alt
grup analizleri yapilnugtir. Bulgular, suclu bireylerin kontrol gruplarina gore yonetici iglevler igeren
gorevlerde daha fazla hata yaptiklarina isaret etmektedir. Ayrica calismada yayin yanlhhigina
rastlanmanugtir. Calisma, suclu grubunun yoénetici islevlerde kontrol grubuna gore daha diisiik
performans gosterdigi sonucuna varmigstir. Elde edilen bulgularin literatiirle uyumlu oldugu
goriilmektedir. Bu calismanin gelecek calismalara zemin hazirlamas: beklenmektedir.

Anahtar Kelimeler: Yonetici Islevler, Sucun Onlenmesi, Metaanaliz, Diirtiisellik, Bilis
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Comparison of Executive Functions in Offenders and Non-Offenders: A Meta-Analysis

Introduction

Human  behavior = depends  on
biopsychosocial factors. Depending on these
factors, individuals exhibit different behavioral
patterns. Likewise, the concept of criminal
behavior consists of specific patterns and is
affected by biological, psychological, cognitive,
and sociological factors (Polat, 2004; Marsh, 2006;
Ozasgilar, 2016). In recent years, the expanding
literature draws attention to the importance of
neuropsychological structure in the emergence of
criminal behavior (Joyal et al., 2013). By focusing
on neuropsychological factors, researchers aim to
provide a different perspective that increases the
explanatory power of criminal behavior.

Social norms, the informal rules that govern
behavior in groups and societies, are very
important because they provide order in a society
by guiding appropriate behavior. And following
social norms is important for individuals because
violating them often leads to
consequences (Gross & Vorontsov, 2022). To
maintain their behaviors in harmony with the
community, individuals need some cognitive
mechanisms, such as behavioral
suppression/inhibition, impulse control, emotional
self-control, and reviewing behaviors (Barkley,
2012; Carkit & Yalgin, 2023). In other words, the
individual's ability to adapt to appropriate
behaviors depends on the functionality of the self-
mechanism. Self-regulation
components include working memory, regulation
of emotions, problem-solving, and
synthesis of new behavioral goals (Barkley, 2012;
Goldstein & Naglieri, 2014). From this perspective,
when an individual regresses in these functions,
the individual's behaviors tend to deviate from the
expected social behaviors.

Executive functions refer to a
neuropsychological that  controls
cognitive processes that have an impact on
regulating social behaviors (Barkley, 2012). These
functions involve complex cognitive structures
and can be seen as an umbrella term for various
putative cognitive processes, including planning
and working memory. These processes are
performed mainly by the prefrontal areas and
extend to subcortical areas in the brain (Goldstein
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& Naglieri, 2014; Yal¢in & Yilmaz, 2023). Miyake et
al. (2000), in their Unity and Diversity of Executive
Functions Model, consider the executive functions
as a three-factor structure: inhibiting, monitoring,
and shifting. The inhibition function can be
defined as the ability to suppress dominant
behavior, in other words, voluntarily inhibiting
dominant responses (Miyake et al., 2000). When
the inhibition function is considered, impulsive
behaviors emerge in cases of impaired activity.
Shifting can be defined as enabling adaptation to a
changing situation or a task and provides
flexibility between cognitive tasks (Zakzanis et al.,
2005). The shifting function affects the problem-
solving and strategy-making abilities of an
individual. Any deterioration in this function
causes the individual to behave violently due to
regressions in his prosocial skills (Cruz et al., 2020).
Finally, monitoring information is related to an
individual's active use of the working memory.
Working memory provides temporary storage and
reshaping of the information. Since it plays an
active role in the process of analyzing information,
it also affects the outputs of compatible and
incompatible behaviors (Karakas et al., 2003).
Although executive functions have different
functions, the essential function can be seen as
inhibition since the functions of protecting,
monitoring, and shifting information are closely
related to cognitive inhibition skills (Miyake et al.,
2000). Considering this information, it can be
predicted that when executive functions cannot
fulfill their functions as a complex structure, there
are going to be regressions in many cognitive skills
and an increase in impulsive behaviors. In other
words, deterioration in executive functions leads
to important deficits such as reduced self-
regulating behaviors (Barkley, 2012), impulsivity
(Ogilvie et al., 2011), and behavioral problems in
individuals (Cruz, 2020).

Executive functions include self-regulatory
functions that organize social behaviors. Hayes et
al. (1996), in their Behavioral Analytical Model,
focus on the behavioral dimension of executive
functions. In this model, executive functions come
into play when previously learned behavioral
regulation resources conflict with the rules that
were previously set by the rule maker. Executive
functions try to facilitate the generation of new
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rules by considering society’s reactions to the
individual’s behaviors. By the help of executive
individual can suppress his/her
behavior to comply with the social expectations or
make some behavioral adjustments in accordance
with these rules (Hayes et al., 1996). Thereby,
executive function is a functional ability of rule-
managed behavior (Barkley, 2012; Kilig, 2002).
Barkley's (2012) Extended Phenotype Model for
Executive Functions (2012), another model that
refers to the social function of executive functions,
also states that individuals need certain cognitive
mechanisms to adapt to social rules. Executive
functions cognitively provide these skills to
individuals, contributing to the individual's
adaptation within the group. In this model,
executive functions form the basis of the
individual's self-regulation mechanism and take
part in the analysis and maintenance of behavior.
Problem solving, behavior inhibition and emotion
regulation skills provided by executive functions
enable the individual to carry out harmonious
behavior within the group (Barkley, 2012;
Goldstein & Naglieri, 2014). Since executive
functions contain self-regulation components, they
may lead to inappropriate or antisocial behaviors
in the case of dysexecutive functions (Cruz et al.,
2020; Moffitt, 1993).

Another important function related to executive
functions is self-control. While self-control is
thought to develop through the environment, new
insights have indicated that biological factors are
also effective (Beaver et al., 2007). Executive
functions hosted by the prefrontal cortex regulates
people's impulsivity and self-control (Glenn &
Raine, 2018; Glenn & Raine, 2014). There are three
neural related to executive
functions. These are dorsolateral prefrontal cortex,
orbitofrontal cortex, and medial prefrontal cortex
(Ongur et al., 2003). The dorsolateral prefrontal
cortex (DLPFC) is responsible for working
memory, control, behavioral
suppression, and information processing skills. In
contrast, the orbitofrontal cortex is located just
above the eye and communicates with other brain
regions. It regulates emotions, complex decision-
making processes, and goal-directed behavior. On
the other hand, the medial prefrontal cortex acts at
many points in the brain (amygdala,
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hypothalamus, DLPFC) to perform tasks that
require attention. These regions in the brain
perform essential tasks in terms of executive
functions, and when any dysfunction occurs in
these regions, many behavioral and cognitive
disorders may appear (Cruz, 2020). Brain imaging
studies support the relationship between
impulsive behaviors and executive functions.

The relationship between executive functions
and antisocial behavior patterns has attracted
attention in researchers. A  meta-analysis
conducted by Morgan and Lilienfeld (2000), the
relationship between antisocial behaviors and
executive  functions investigated by
considering studies with many different
experimental designs and revealed that there was
a significant relationship between executive
functions and antisocial behaviors. According to
the study, when the group exhibiting antisocial
behavior was compared with the control group,
deficits in executive functions were observed in the
antisocial group. Another meta-analysis, including
126 studies conducted by Ogilvie et al. (2011), has
demonstrated significant effect sizes between
executive functions and criminal behaviors (d
=.61), psychopathy (d =.42), and conduct/defiant
disorder (d =.54). In addition, in a previous meta-
analysis, the frontal lobe was evaluated as an
executive function. However, evaluating the
frontal lobe as an executive function remains
erroneous (Miyake et al.,, 2000) because recent
studies have shown that, in addition to the anterior
and posterior regions of the cerebral cortex, some
subcortical areas are also associated with executive
functions (Chung et al, 2014). In summary,
although there are some research and analysis on
this subject, it is thought that new research and
meta-analysis, including experimental design
studies that address methodological problems
(Ogilvie et al., 2011), would indicate more
promising results in understanding the nature of
crime and executive functions relationship.
Therefore, a meta-analytic review in which three
dimensions of executive functions (inhibiting,
monitoring, and shifting) are discussed would be
better to explain the relationship between criminal
behavior and executive functions.

Many studies indicate that impairments in
executive functions often lead to problems in

was
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cognitive mechanisms, such as
behaviors, planning ability, suppression of
impulses, and difficulty in concentrating. A study
about juvenile crime revealed that juvenile
offenders have a higher number of omission errors
in the Stroop Test than juveniles in the control
group (Senses et al, 2014). Another study
examined the individuals who started committing
crimes at an early age. According to this study, the
likelihood of an individual for reoffending is
related to their neuropsychological functioning
during childhood and adolescence (Enns et al.,
2007). In addition, many other studies have
indicated that recidivism in crime is closely related
to dysexecutive functions (Moffitt, 1993; Moffitt et
al., 2002; Moffitt & Henry, 1991; Piquero & White,
2003). Another study by Bergeron and Valliant
(2001) examined the personality patterns and
executive functions of delinquent and non-
delinquent adolescents. Findings indicated that
personality traits and dysexecutive functions were
effective in the maladaptive behaviors of
delinquent  adolescents.  Similarly, studies
conducted by Seruca and Silva (2016) and Yalgin
et. al. (2018), examined the executive functions in
relation to the types of crime and found that there
was a significant difference in executive functions
between the offenders who committed violent
crimes and those who committed non-violent
(e.g., white-collar crime). Offenders
performed worse than non-offenders on their
mental flexibility and planning measures, and
offenders  against property had  poorer
performance on mental flexibility measures, while
violent offenders performed worse on planning
ability (Seruca & Silva, 2016). Considering these
findings, it can be argued that while there are
differences in executive functions between
criminals and non-criminals, there are also
differences in executive functions depending on
the type of crime (Baker, 2007; Barbosa & Monteiro,
2008; Brito et al., 2013). Along with these, there are
also studies that do not find any significant
relationship between these two factors (Ross &
Hoaken, 2011; Morgan & Lilientfield, 2001;
Syngelaki, 2009). Youngs (2004) suggests that these
inconsistent results might be due to the differences
in criminal behaviors. For example, since white-
collar crime is characterized by more manipulative

impulsive
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behaviors, they are expected to have high cognitive
flexibility and inhibition skills, that is, their
executive functions are expected to be better,
whereas interpersonal violent criminals are
expected to have more impairment in their
executive functions because they are characterized
by more impulsive behaviors (Raine et al., 2012).
Moreover, another review of the effectiveness of
executive functions on criminal behaviors stated
that each function domain is
differentiated in effect according to crime or
aggression type (Cruz, 2020). Considering all these
findings, it can be suggested that although
executive functions might be related to criminal
behaviors, it remains controversial that which
executive functions are related with criminality
and to what extent. This difference raises the
question of which of the executive functions
dimensions is effective in the emergence of
antisocial behavior. Thus, there is a need for a
meta-analysis on studies of executive functions
using more comprehensive variables and this
study has been an attempt to clarify these debates.

Additionally, as stated before, while most
studies focus on the psycho-social aspects of
criminality (Boduszek et al., 2013; Eryilmaz, 2018a;
Eryilmaz, 2018b; Galinari & Bazon, 2021;
Molinedo-Quilez, 2020), this study focuses more
on cognitive processes. Furthermore, the meta-
analyses previously performed as part of the
current investigation were seen to include different
research designs (e.g. correlational, experimental)
and no study could be found that included only
experimental or designs.
Therefore, this study aimed to conduct a meta-
analysis that only includes studies with an
experimental or quasi-experimental design. The
main purpose behind all of these is to contribute to
the prevention of crime and rehabilitation of
criminals by revealing the effect of cognitive
processes on criminal behavior. Since studies
revealed that deficiencies in executive functions
are related to problems like emotion regulation,
crime, violence and reckless behavior (Broidy et al.,
2003; Denson, Pederson, Friese, Hahm, & Roberts,
2011; Moffitt et al.,, 2011; Saarni, 1999; Winstok,
2009), it can be argued that improvement in these
functions would be useful for both prevention and
rehabilitation of criminal behavior.

executive

quasi-experimental
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Consistent with these purposes, this meta-
analysis has one hypothesis and two research
questions. First, based on previous studies, the
executive functions
expected to be weaker than the community sample
group (Seruca & Silva, 2016; Ogilvie et al., 2011).
This is why we tested the hypothesis that offenders
perform significantly more errors in tests of
executive functions than non-offenders do. In
addition, although executive function factors are
interrelated, as stated previously they may have
varying degrees of impact on criminal behavior
(Cruz, 2016; Burgess, 2020). However, most
previous studies have considered executive
functions as a single system. Therefore, to examine
the effect of three systems of executive functions on
criminal behavior, the answer to the following
research question was answered: "When offenders
are compared to non-offenders, which executive
functions (inhibition, monitoring, and updating)
are more related to offending?". Finally, executive
functions may have different effects on different
criminal groups, as Youngs (2004) stated, previous
studies generally have focused on violent crimes.
In this study, we categorized the crime groups and
investigated their relationship with executive
functions and aimed to answer the question,
“When the offenders were clustered into different
crime groups, do the levels of executive functions
differ significantly between these groups?”

of criminal groups are

Method

This paper presents results from a meta-analysis
examining existing patterns of relationships
between executive functions and criminality. The
meta-analysis method is the gathering and
interpretation of the findings
quantitative studies using statistical methods
(Glass, 1976). For this study, the independent
variable was criminality, and the dependent
variable was executive functions. To enhance the
explanatory power of our meta-analysis, rather
than correctional studies, we just focused on quasi-
experimental studies. A protocol called "Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA)" was followed in the meta-
analysis (Moher et al., 2009). A coding table was
created using Microsoft Excel while collecting the

of previous
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studies. The coding table included the titles of the
studies, authors' names, year of study, character of
the sample (clinic, population, prison), number of
samples, and research designs of the studies.

Number of studies
detected by database
scan n=221
L 135 Screened out as
irrelevant
Screened records )
(title and abstract)
(n=86) 31 Studies were excluded:
v Did not meet inclusion
Full-text articles criteria =3
| ——W

evaluated for

Have not appropriate
eligibility (n=48) bprop

outcome measure or have

insufficient statistical
result = 20

Included continuous data

Studies included in -5

quantitative
synthesis (meta- Not including control

analysis) group =2

Comparison with norm

values =2

Figure 1: The Process of Inclusion of Individual Studies as
a Result of Literature Search in Meta-analysis

A literature search was conducted on Scopus, Web
of Science and PubMed with all possible keyword
combinations such as “executive function” OR
“inhibition” OR “working memory” AND
“criminality” OR “violence” OR “offender” OR
“aggression” and all articles published between
2007 and 2021 were covered. As a result of the
search in the databases using keywords, 221 study
titles were obtained. Eighty-six studies were
selected according to the inclusion and exclusion
criteria. After reading the abstracts of the 86
studies, 48 studies were found to be appropriate to
our criteria. When full papers are read, some
studies were seen to be analyzed over continues
variables, therefore we did not include these
studies in the meta-analysis (Hancock et al., 2010;
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Tonnaer et al., 2016; Hancock, 2014; Haberle, 2011;
Miura & Fuchigami, 2017). Some other studies
were observed that they did not meet the inclusion
criteria (Pietrzak et al., 2008; Ross & Hoaken, 2010;
Langevin & Curnoe, 2010). Some others did not
have a control group (Bromhall, 2005; Marsh &
Martinovich, 2006). And in two studies, group
difference analysis was performed with the norms
of the scales instead of the control group; therefore,
they were not included in the study (Syngelaki et
al., 2009; Enns et al., 2008).

Inclusion and Exclusion Criteria

Existing studies were eliminated or included in the
analysis for inclusion and exclusion criteria. We
included studies that at least have two groups as
offenders and non-offenders to
experimental studies and, have at least one
measurement for executive function variables. To
calculate the effect sizes, the data in the studies
must be understandable; the mean, standard
deviation and number of participants must be
indicated, and the group differences must be
revealed through statistical analysis. Since the
protocol date of our meta-analysis study is 2021,
the studies conducted before 2021
considered, but no specific start date was
determined.

Studies that did not meet the inclusion criteria
were excluded from the study by stating their
reasons. Then, the experimental studies which
consisted of more than two levels such as low,
medium, and high violence groups and whose
extreme values can be calculated, these studies
were included in the meta-analysis. Whereas in
cases where extreme values could not be calculated
due to the characteristics of the variable such as the
personality variables, these studies were not
included in the meta-analysis.

The effect size of each study was calculated
using data provided by the inclusion and exclusion
criteria. Since different measurement methods
were used to obtain the executive functions, the
studies were combined with the random effects
model. First, the effect size of each study was
calculated to standardize the different score types
in the studies and determine their weights. The
web-based Campbell Collaboration (Wilson, 2020)

focus on
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was used to calculate effect sizes and variances in
the studies. After calculating the effect size and
variance of each study, the grand effect size was
calculated using the random effects model. So, the
grand effect size was revealed by combining the
effect sizes of the studies. Then the significance of
the differences between the two groups was tested.
Subgroup analyzes were conducted using the
Comprehensive Meta Analysis (CMA) program
(Dinger 2020). Analog ANOVA method was used
for subgroup Subgroup
measured types of crime and types of executive
functions. In addition, publication bias analysis
was conducted to control publication bias in the
studies accessed. Publication bias in meta-analysis

analyses. analyses

studies is not only important in terms of the
validity of the study, but also reveals whether the
studies can reflect the cumulative result
(Borenstein et al., 2019; Normand, 1999). First, a
"funnel plot analysis”, a visual demonstration for
publication bias, was introduced. Funnel plot
analysis means that there is no publication bias if
the studies are distributed relatively equally to the
right and left of the cutoff point (Normand, 1999).
The second technique we used for publication bias
is “Duval and Tweedie's Trim and Fill Technique”.
It is a method for both detecting and correcting the
publication bias. In the technique, studies that
cause publication bias are identified on the funnel
chart, and the program fills in similar studies by
producing them until the analysis is unbiased. By
producing similar studies, this technique enables
us to see the effect size when the bias disappears
(Borenstein, 2019:275). Finally, '"Rosenthal's
FailSafe-N Technique” helps to control publication
bias by determining how many additional studies
are needed to reverse the result that has been
found. If more studies are needed to reverse the
study result than the number of studies used, it
means that there is no publication bias (Borenstein
et al., 2019).

The effect sizes and variances of the studies
were calculated to determine the overall effect size.
Web-based Campbell Collaboration (2020) was
used to calculate the studies’ effect sizes and
variances. As the materials and scores used to
measure the executive functions vary, the effect
size was calculated by taking more than one
measurement score from the measures used in the
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studies. For example, in the Stroop Test, time and
error scores were included in the study as two
different effect sizes. Thus, a total of 53 effect sizes
and variances were calculated from the 17 studies.
The calculated effect sizes were entered into the
JAMOVI program and the overall effect values (d)
were obtained (Table 1.4). The model selection
used for calculating the overall effect was
determined using the random effects model before
the analysis. The random effect model is preferred
if there are differences between studies, such as
methodological differences like measurement
tools and techniques or population. In this case,
studies are included in the meta-analysis by
calculating their weights (Borenstein et al., 2007).
Similarly, Sen (2018) argues that it is more
appropriate to use random effects models in social
sciences. This is because different scales or research
designs are often used in studies in social sciences.

Results

17 individual studies were included in the meta-
analysis. These 17 studies included 21 different
scales, tests, or batteries and measurements created
53 different effect sizes. There were a total of 1033
participants in the studies included in the meta-
analysis.

Descriptive Analysis of Studies

The studies included in the meta-analysis
measured dependent variables using different
measurement materials. When we look at the
assessment materials of executive functions, it was
found that the Wisconsin Card Sorting Test was
used in 14.54% of the 17 studies; 10.8% of the
studies used Trail Making Test, Stroop Color Word
Test and, Go/NoGo Task; 8.1% of the studies used
Porteus Maze Task; 5.4% of the studies used
Barratt Impulsivity Scale; the other 15
measurements were found to constitute the 40.5%
of the studies.

Measurement materials other than the Barratt
Impulsivity Scale are all behavioral performance
assessments. Barratt Impulsivity Scale (BIS-11) is
one of the most frequently used self-report scales
in both normal and clinical samples in the
assessment of impulsivity structure. It is a scale
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consisting of thirty items and using 4-point likert
scoring (Patton et al., 1995).

Wisconsin Card Sorting Test (WCST) is a test
created by Grant & Berg (1993) to evaluate
executive functions and measure the skills of
planning, strategy, and maintaining the setup
against external stimuli, which are the contexts of
executive functions. The test includes 4 stimulus
cards, 63 response cards and 6 categories. When
the subject makes the correct match 10 times, they
move on to the next category. In Wisconsin Test 16
score types are calculated by using the number of
successes and errors in these matching tasks.
Stroop Color-Word Test is another test used to
evaluate executive functions. Stroop (1935)
demonstrated through his studies that when the
color used and the word representing the color are
different (for example, the word yellow written
using blue), it is pronounced later than if the color
and the word representing the color are the same
and this effect is defined as the Stroop Disruption
Effect in the literature. Along with the Stroop
Effect, the Stroop Test began to be included as a
neuropsychological test used to evaluate frontal
lobe functioning (Stroop, 1935). To overcome the
Stroop Disruption Effect, individuals must adapt
to changing demands, in other words, they must
change their habitual behavioral patterns. In the
Stroop task, the participant is asked to make fewer
mistakes and finish the task in the optimal time.
Similarly, in the Go/noGo task, the participant is
expected to reveal the correct response by
suppressing the incorrect Higher
number of incorrect responses indicates higher
impulsivity (Schiffer & Vonlaufen, 2011). In the last
test, the Porteus Maze task, participants must
actively use their problem solving, cognitive
inhibition and cognitive flexibility skills by making
the appropriate response to exit the maze
(Greenfield & Valliant, 2007). It's a test which has
similar properties with Trail Making Test (Schiffer
& Vonlaufen, 2011).

The individual studies included in the meta-
analysis were conducted over different years.
29.4% of the studies included in the meta-analysis
were conducted in 2007, 17.6% in 2011, 11.8% in
2008, 11.8% in 2016, 11.8% in 2014, 6.9% in 2012,
6.9% in 2013 and 6.9% in 2020.

response.
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Effect Size and Heterogeneity Analysis

Based on the random effects model, the meta-
analysis output revealed at 95% confidence
interval values, the lower limit was -0.73, the upper
limit was -0.37, and the grand mean effect size was
calculated as d=-0.55 at 0.09 standard error value.
Significant differences existed between the
offender and non-offender groups in executive
function tasks. Since the effect size found was
between 0.50 and 0.80 values, it has a moderate
effect, according to Cohen (1977).

which shows the power of heterogeneity,
heterogeneity of 83.72% was observed among the
studies.

Publication Bias

According to the funnel plot, the studies are
relatively distributed.  This
indicated that there is no publication bias.
According to Rosenthal's Failsafe-N approach, it is
seen that 2464 studies at p > 0.05 level are required
to reverse the p significance level of the results.
Since the number of 2464 studies is higher than the

symmetrically

Table 2: Results of Meta-analysis Results by Fixed Effects Model and Random Effects Model

Model N Effect Size z SE %95 Confidence Interval sd 0 ¥4 I?
Lower Upper

Fixed effects model 53 -0.42 -11.8  0.04 -0.49 -0.35

Random effects model 53 -0.55 -6.04  0.09 -0.73 -0.37 52 218.00 0.00 83.72

Table 3: Forest Plot of Effect Size
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53 effect size studies calculated in the meta-
analysis, it shows no publication bias (Borenstem
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Moreover, in the heterogeneity tests performed, a
p <0.01 value was observed at a Q = 218.00 value
according to the Cochrane Q test. Since the Q value
is 69.83 in the X? critical value table for 52 degrees
of freedom (df) and 95% significance level, it is seen
that the studies are heterogeneously distributed. In
other words, the null hypothesis that the variance
was not significantly distributed among studies
was rejected. According to the results of the I test,
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2019; Orwin, 1983). On the other hand, Duval and
Tweedie's Trim and Fill method is based on the
principle of generating new studies until the p-
value reverses neutral. According to Duval and
Tweedie's Trimming and Filling method, no
additional studies were produced due to the
absence of biased studies. Thus, it is seen that there
is no publication bias in the studies included in this
study.
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Figure 2: Funnel Plot of Studies in Meta-analysis
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Subgroup Analysis

An analog ANOVA was performed to analyze the
crime type. The result indicated that crime types
were found to be significant at the p<0.01 level, as
the critical X?>=11.071 value was smaller than the
Q=25.416 value. Thus, crime types explain the
heterogeneity between studies. When the
subgroups clustered into crime types were
examined, it was seen that the mixed crime group,
labeled as the mixed group because the studies in
this group did not explain the characteristics of
their offender sample, had the highest effect size
(d=-0.79).

Table 4: Analogue ANOVA for Crime Type

study was excluded from the subgroup analysis
because it reported standardized z-scores of
Concrete Subject-Ordered Working Memory,
Conditioned Non-spatial- Association Test, and
Abstract Subject-Ordered Working Memory Test
measurements used to
functions. When the subgroups were examined, it
was seen that the Benton Word Fluency Test,
Behavioral =~ Assessment  of
Syndrome, Letter-Number Sorting Test, Stopping
Task Test, and Passive Avoidance Learning Task
measurements were used in one study. In effect
size, with the inclusion of these measures, the
offender group made more errors than the control
group. Two studies used the Barratt Impulsivity
Test, Paragraph Completion Test, London Tower
Test, Stockings of Cambridge Task, and Rule Shift
Cards. Similarly, in studies using these measures,
it was seen that the offender groups got worse
scores than the control groups.

Go/noGo measurements were the most applied
measurement tools and were used in 9 effect-size
calculations. For this type of measurement, it was
seen that the offender groups had more errors than
the non-offender groups with d = 0.75 effect size

measure executive

Dysexecutive

Variables N Effect SE %95 CI sd 0.05 confidence level Qp p
Size x?
Lower Upper

Crime Mixed 28 -0,79 0.13 -1.05 -0.54
Type Violence 9 -0.27 0.09 -0.46 -0.09

Psychopathy 5 -0.52 0.11 -0.73 -0.31

Sexual 8 -0.14 0.12 -0.37 0.10

White-Collar 1 0.49 0.32 --0.13 1.11

Property-related

Total 2 -0.56 0.19 -0.93 -0.19

53 -0.39 0.05 -0.49 -0.29 5 11.071 25.416 0.000

Note: mixed group represent crime type is not understood by individual studies

Furthermore, offenders with property-related (d=-
0.56), psychopathic (d=-0.52), and violent (d=-0.27)
criminal types showed executive function deficit
than controls. However, offenders with sexual (d=-
0.14) and white-collar (d=0.49) crimes have
performed a close error rate in executive function
tasks compared to non-offenders.

According to the Analogue ANOVA findings,
measurement material was found to be significant
at the p<0.01 level, as the critical value of X?>=27.86
was smaller than the value of Q=91.094. According
to this result, the material types explain the
heterogeneity between studies. Hoaken's (2007)
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(95% CI [0.00, 3.27], p<0.05). The Wisconsin Card
Matching Test (WCST) was the second most
applied measurement tool compared to other
studies included in 8 effect-size calculations. For
this type of measurement, the effect size was 0.18
(95% CI [-0.25, 1.15]) and there was a non-
significant effect at the critical value of p>0.5.

The Porteus Maze Test was used for 6 effect size
calculations. In studies using this measure, the
overall effect size was d = -0.71 points, indicating
that offenders had more errors in the Porteus Maze
task than in the control group (95% CI [0.00, 3.80],
p<0.05).
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Trail Making Test and Stroop Color-Word
Test measurements were used in 5 effect size
calculations. Similarly, in studies using these
measures, it was observed that the offender
groups had more errors than the control group
(see in Table 5).

Table 5: Analogue ANOVA for Measurements

Especially during adolescence, the individual
adapts to the changes in himself and his social
environment by means of executive functions.
Therefore, deficiencies in executive functions in the
adolescence might cause antisocial behaviors in
early adulthood (Moffitt et al., 2002).

Variables N Effect Size  SE %95 CI sd 0.05 confidence level X? Qs p
Lower Upper

BWEFT 1 -0.918 0.224 -4.10 0.00
BIT 2 -0.366 0.21 -1.78 0.00
BADS 1 -1.00 0.28 -3.54 0.00
PCM 2 -2.98 1.84 -1.63 0.10
WCST 8 -0.18 1.60 -1.15 0.25
PM 6 -0.71 0.19 -3.80 0.00
LNS 1 -1.16 0.41 -2.81 0.01
T™MT 5 -0.58 0.11 -5.14 0.00
Go/NoGo Task 9 -0.75 0.23 -3.27 0.00
LTT 2 -0.21 0.24 -0.87 0.39
Stroop WCST 5 -0.46 0.11 -4.17 0.00
CLGT 1 0.40 0.23 1.80 0.07
Stop-it Task 1 -0.30 0.23 -1.35 0.18
S0C 2 -0.55 0.16 -3.45 0.00
Simon Task 2 -0.18 0.14 -1.24 0..22
WIT 2 0.06 0.14 0.40 0.69
RSC 2 -0.20 0.14 -1.41 0.16
PALT 1 -2.51 0.35 -7.25 0.00
Total 50 -0.41 0.04 -9.80 0.00 17 27.86 91.094 0.000

Note: BWFT =Benton Word Fluency Test, BIT = Barratt Impulsivity
Scale, BADS = Behavioral Assessment of the Dysexecutive Syndrome,
PCM = Paragraph Completion Task, WCST = Wisconsin Card Sorting
Task, PM = Porteus Maze, LNS = Letter Number Sequencing Task, TMT =
Trail Making Task, LTT = London Tower Test, CLGT = Computerized
Lowa Gambling Task, SOC = Stockings of Cambridge Task, WIT =
Williams Inhibition Task, RSC = Rule Shifting Cards, PALT =
Passive Avoidance Learning Test

Discussion

Prior studies have noted the importance of the
impact of neuropsychological farctors on criminal
behavior (Moffitt, 1993; Moffitt et al., 2002; Moffitt
& Henry, 1991; Piquero & White, 2003; Seruca &
Silva, 2016). This study accepted the hypothesis
that offenders perform significantly worse in tests
on executive functions than non-offenders and the
findings of the study confirm our hypothesis.
Hayes's (1996) Behavioral Analytical Model
confirms the results of our study. Due to the
dysfunction of executive functions, the decreased
ability of individuals to self-regulate, plan, and
give appropriate answers to the problems might
lead to aggression and criminal behaviors, and the
decrease in these skills might led to the
deterioration = of  rule-oriented  behaviors.
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While one reason for the impairment of executive
functions is traumatic experiences in childhood
(DeBellis, 2001; Deniz, 2017, Menard, 2002),
another important reason is the negative effects of
substance addiction, which is
criminals, on cognitive processes (Borckett et al.,
2018; Eryilmaz, 2018; Fernandez-Serrano et al.,
2009).

One unexpected finding was that the offenders
against property had worse performance on
executive function tasks or tests than violent
offenders. While it was expected that the functions
of planning, organizing, and self-regulation would
be impaired in violent behaviors, a similar result
obtained for property-related
behavior as well. A possible explanation might be
that different measurement tools were used in
different studies. Using different measurement
materials for different crime types might have
affected the effect sizes as they changed the
sensitivity of the Another
explanation might be that while the result related
to violent behavior was affected by nine effect
sizes, the result related to property crimes was
obtained from only two effect sizes. This means

common in

was criminal

measurements.
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that the meta-analysis has not included sufficient
data from property related crimes. The difference
in the variance between the two groups might have
affected the effect size, as Borenstein et al. (2019)
stated that the variance would affect the effect size.

Among the effect sizes included in the meta-
analysis, the Go/No-Go measurements were seen
to have a high effect size. The Go/No-Go task
measures individuals' ability to inhibit executive
functions as seen in the Barratt Impulsivity Scale
and Stroop Color-Word Test, which measure
cognitive and motor inhibition ability. In these
measurements, the offender group performed
more errors on the Stroop Color-Word Test and
Go/NoGo Task and had more impulsive scores on
the Barratt Impulsivity Scale than the non-offender
group. Thus, it can be concluded that the impulsive
behaviors of the offenders are more than those of
non-offenders because of
deterioration in the inhibition abilities controlled
by executive functions, and these impairments
might lead to criminal behaviors. These findings
are consistent with the results of much previous
research that the offenders are characterized with
increased impulsive behaviors (Hecht & Laztman,
2017; O'Toole et al., 2016; Zhu et al., 2019).

Similarly, The BADS, London Tower Test,
Computerized Gambling Test, and
Cambridge Socks Task are the materials created to
measure the strategy-enactment and problem-
solving abilities of executive functions. As
expected, in the studies that used these materials,
it was seen that the offenders performed worse
than the non-offender group on the BADS and
Cambridge Stockings Task measurements
(Barbosa & Monteiro, 2008; Dolan, 2011). The
problems experienced as the result of their
decision-making mechanisms during the tasks
might have increased their impulsive or aggressive
behaviors by causing frustration.

Another contradictory finding is that there were
no significant differences between offenders and
non-offenders in the Wisconsin Card Sorting Test
(WCST). The Wisconsin Card Sorting Test is a
classical measure of individuals' ability to adapt to
changing rules (set-shifting), mental flexibility,
thinking in a logical framework, and problem-
solving. A possible reason for this result may be
that some crimes are committed in a highly

inadequacies or

Iowa
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impulsive manner (such as wounding and sexual
assault), while others require a high level of
cognitive abilities and planning (such as white-
collar crimes). Therefore, the nature of the crime
behavior might have acted as a confounding
variable. Contrary to impulsive crime behaviors,
cognitive skills are expected to be reasonably used
in planned crimes. The fact that the measures were
collected from both planned and impulsive crime
groups may have caused the results to be
meaningless. This finding is consistent with the
study of Cruz (2016), who reported that, while
there was no significant difference between
offenders and non-offenders in terms of set-
shifting, there was a significant difference in the
context of inhibition.

In addition to these results, some
inconsistencies were found between tests that
measure similar neuropsychological structures.
For set-shifting measures, while there was no
significant difference between the groups in the
rule-shifting cards and the WCST, there was a
significant difference in the Trail Making Test.
Similarly, Burgess (2020) indicated that although
mental flexibility and set shifting are associated
with violent behaviors, inconsistent results come
out from studies using the WCST and the Trail
Making Test. Our study, consistent with the
Burgess’” study, encountered the same
measurement problem that gave raise to failure in
finding any association.

Finally, it seems that executive functions play a
critical role in impulsive criminal behavior.
Therefore, it is possible to reduce antisocial
behaviors of individuals in rehabilitation services,
especially with interventions for
functions. For example, a rehabilitation program
that modified by Dawson and Guare (2004) for
executive functions focus on to improve EF that
increase attention span to set self-regulation of
emotion, planning ability and decrease
impulsivity. Thus, it can be aimed at reducing
aggressive behaviors of individuals and increasing

executive

problem  solving  abilities,  interpersonal
relationship.
It seems that traumatic experiences in

childhood affect cognitive abilities (DeBellis, 2001;
Taft, Creech & Murphy, 2016; Eryilmaz, 2018).
Preventive actions should be taken in this regard.
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Providing psychoeducation to families about
childhood trauma may increase their awareness.
At this point, it may be useful to explain the legal
consequences of maltreatment as well as its
possible effects on the future psychological
development of children in the education model
developed. Finally, we can add the protective
factor for childhood traumas to the responsibility
of professionals working on the subject. In fact, the
deficiency in functions can be
understood by attention deficit and impulsive
behaviors in children. Professionals should
question the situation of children with these
behaviors at home. Because both child
maltreatment can lead to EF deficit and EF deficit
might prepare the ground for the child to become
child maltreatment. As a result, recognizing
executive dysfunction at an early age may be
valuable in crime prevention studies.

executive

Conclusion

This research sought to gain an understanding of
criminal behavior from a neuropsychological
standpoint. In general, the findings support the
overall study hypothesis that there is a relationship
between deficits
criminal behavior and this result is also consistent
with the previous research findings (Cruz, de
Castro-Rodrigues & Barbosa, 2020; Ostrosky &
Diaz, 2019; Ross & Hoaken, 2011). The findings
also partly support that there is a difference
between executive functions with respect to the
type of crime (Barker et al, 2007; Hancock,
Tapscott, & Hoaken, 2010; Seruca & Silva, 2016).
The findings show that although there is a
significant difference between the groups in terms
functions in mixed,
psychopathic, property related crimes, there is no
significant difference between offenders and non-
offenders in white-collar and sexual crimes.

The results in this meta-analysis also indicate
that the use of different measurement materials in
different studies leads to inconsistencies in terms
of study findings. Therefore, for the future studies,
it can be suggested that it would be beneficial to
use research designs in which different materials
measuring executive functions are used in the

in executive functions and

of executive violent,

same study.
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When the results of the study are considered in
terms of application; since there is a relationship
between deficits
criminal behavior, to prevent recidivism it might
be useful to develop rehabilitation programs for
incarcerated offenders and the ones who are
subjected to probation with poor executive
functions. In addition, since executive functions
are differently associated with distinct types of
offenses, it can be recommended that the
intervention programs should be developed based
on the specific needs of criminal typologies
indicated in this study. When it comes to crime
prevention, the findings also point to the
importance of detecting and intervening with
executive dysfunctions as early as possible to
prevent overall crime, as Raine (2002) also stated.
Well-designed intervention methods would be
useful to prevent the development of antisocial
behaviors and future criminality in children and
adolescents.

in executive functions and

Limitation

This study had some limitations. The major
limitation of this study is that there is no gold
standard measurement material for executive
functions. Although different measurements or
tests could be evaluated in the meta-analysis,
including different measurement materials would
affect the validity of the study.

Second limitation is that the criminal behavior
varies across offensive styles. The individual
studies included in this research cover different
offense types. For this reason, a subgroup analysis
was performed in the meta-analysis, and the
studies were evaluated according to crime types.
In this situation, as Youngs (2004) stated, despite
the overestimation of executive functions in some
types of crime, the lack of sufficient studies in some
other types could prevent reaching an objective
result.

Third limitation is that although some
individual studies in different languages were
accessed during the screening process, the data
could not be obtained due to language limitations.
Although it is thought that the inclusion of the
studies from different cultures in the meta-analysis
would contribute to obtain more objective results,
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inability to include these studies in this research
limited the scope of this study. Cultural differences
can create fundamental differences
research because individuals are affected by the
societies in which they grow up. It should be taken
into consideration that differences,
especially in socialization processes, may have an
impact on the individual's cognitive system. Poor
family environments or ineffective parenting skills
during childhood may cause children to have
weak social bonds and therefore, inefficiency in
self-control. (Marsh et al., 2007). To overcome this
problem, the research owners tried to reach out the
data set from these researchers directly via e-mail,
but no response was provided.

in crime

cultural
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