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ARTICLE INFO ABSTRACT

Keywords: A systematic review and meta-analysis was undertaken to quantitatively summarise the association between

Review ) measures of cognitive abilities (e.g., neuropsychological and clinical measures, and risk assessments with a

FMeta'a_nalys‘S cognitive component) and violent outcomes. After acknowledging that existing reviews in this area have largely
orensic

focused on executive functions and specific diagnostic groups only, the review adopted a broader approach, first
examining factors which differentiate violent from non-violent offenders (part one), followed by separately
analysing the neuropsychological correlates of violence (part two). Forty-two studies were included in the an-
alyses, and 12 individual neuropsychological domains were examined in part one, and five in part two. The
findings from this study revealed a large range of effect sizes with wide confidence intervals, highlighting sig-
nificant heterogeneity due to methodological differences between studies, calling for a consensus to be reached
on the neuropsychological risk factors which are most relevant to violence risk, to bring more focus and spec-
ificity to the literature. Measures of impulsivity, inattention, and lack of insight boasted significant correlations
with prospectively measured violent outcomes, revealing their potential to add a small amount of incremental

Violent offending
Cognitive predictors
Violence

validity to existing risk assessments.

1. Introduction

The relationship between cognitive abilities and violent and antiso-
cial behaviours has long been established in the literature (e.g., Adams,
Meloy, & Moritz, 1990; Lilienfeld, 2000; Ogilvie, Stewart, Chan, &
Shum, 2011; Reinharth, Reynolds, Dill, & Serper, 2014; Sedgwick et al.,
2017), and has been investigated on both a neuropsychological and
neurobiological level (Blake, Pincus, & Buckner, 1995; Brower & Price,
2001; Glenn & Raine, 2014; Volavka, 1999). Neuropsychological
impairment, often secondary to traumatic brain injury (TBI), is thought
to play a major role in violence risk and aggression, both directly and
indirectly. Literature has suggested that the relationship between pre-
frontal brain damage and subsequent violence is mediated by a failure to
deploy the executive functions appropriately (Giancola, 2000; Lil-
ienfeld, 2000). As executive functions allow individuals to respond to
certain situations in a flexible manner, plan and think ahead, adapt to
situations, and to regulate their behavior internally rather than by
external stimuli, a loss or impairment of these functions can result in
impulsive behaviours, cognitive inflexibility and poor planning (Dolan
& Anderson, 2002). In addition to the direct relation between cognitive

impairments and violence, risk of violence is also indirectly impacted by
the mediating effect that cognitive impairments have upon individuals'
ability to engage with, respond to, and benefit from treatment pro-
grammes, and therapies aimed at reducing violence risk (Green, Kern,
Braff, & Mintz, 2000; Kurtz & Tolman, 2011; O’Reilly et al., 2015;
O'Rourke, 2013).

Several studies have found an association between cognitive im-
pairments and violence; however, many reviews have only focused on
executive functioning in relation to violence, or have included only
populations with a diagnosis of a major mental illness (e.g. schizo-
phrenia, antisocial personality disorder). These meta-analytic reviews
have found contrasting results, for example, two recent reviews found
that several cognitive impairments were significantly associated with
violence in schizophrenia and antisocial personality disorder (Reinharth
etal., 2014; Sedgwick et al., 2017), while a third found that lower scores
on neuropsychological measures in individuals with psychosis were not
significantly associated with violent outcomes (Witt, van Dorn, & Fazel,
2013). In contrast, reviews looking specifically at how measures of ex-
ecutive functions differentiate antisocial and non-antisocial populations,
have found fairly consistent results, showing that antisocial offenders
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score lower on measures of executive functions when compared to
controls (Lilienfeld, 2000; Ogilvie et al., 2011); albeit, the grand mean
effect sizes were quite heterogeneous due to the variation in method-
ologies between studies.

Meta-analytic reviews in this area have also primarily focused on
composite cognitive domains (e.g., executive functions), measures of
executive functions, or specific diagnostic groups, leaving gaps in the
literature. To address this, the current review aimed to take a broader
approach in looking at cognitive abilities associated with violence risk,
by including violent offenders from various settings (irrespective of
diagnosis), and by looking at disaggregated cognitive abilities rather
than composite abilities, such as executive functioning, and full-scale IQ
(FSIQ). This was based on evidence from the three-factor model of ex-
ecutive functions proposed by Miyake et al. (2000), which proclaimed
that executive functions are both diverse and unitary. Through latent
factor analysis of nine executive function measures, they found that a
three-factor model (e.g., inhibition, shifting, and working memory)
produced a significantly better fit than one or two factor models, and
they suggested that while an individual can be impaired on one execu-
tive function domain, they will not necessarily be impaired on another,
suggesting that they are separable. Likewise, as there is an overlap be-
tween executive functions and intelligence (Miyake et al., 2000), some
individuals with impairments in executive functions demonstrate
normal intelligence scores (e.g., Damasio, 1994), suggesting that they
are also separate constructs. Further, composite measures of intelligence
are a composite measure of cognitive abilities which are also separable,
and a common distinction made is between fluid intelligence (the ability
to solve problems, regardless of previously acquired knowledge) and
crystallized intelligence (the use of previously acquired knowledge and
skills to solve problems; Carroll, 1993). As fluid intelligence is more
sensitive to frontal damage than crystallized intelligence, individuals
with frontal lobe damage may show more deficits on measures of fluid
intelligence, thus, intelligence tests that use composite scores, such as
the Wechsler Scales of Intelligence (WAIS), are less sensitive to frontal
lobe damage (Duncan, Burgess, & Emslie, 1995), and composite scores
of FSIQ may be misleading. Moreover, it is necessary to clarify the
strength of individual neuropsychological risk factors for violence and
those which differentiate violent subgroups from the wider population
to assist in the development of evidence-based risk assessments, to
inform targeted treatments for individuals with these risk factors, and to
further understand the mechanisms which place individuals at risk for
being violent toward others (Witt et al., 2013).

Thus, a systematic review and meta-analysis of 42 studies is pre-
sented to examine the range of cognitive factors which are associated
with violence toward others. To complete this, the cognitive domains
which differentiate violent from non-violent offenders were investigated
first, followed by a separate analysis to look at the cognitive domains
which are correlated with violent outcomes. Congruent with much of the
available literature, it was expected that individuals who had a history
of violent offending would perform significantly poorer on measures of
neuropsychological functioning, and that poorer performance on mea-
sures or higher cognitive impairments would significantly correlate with
violence toward others.

2. Review aims

The present review focuses on the association between measures of
cognitive abilities (including neuropsychological and clinical measures,
as well as risk assessments with a cognitive component) and violent
offending toward others in forensic populations (e.g., those who have
been either charged or convicted of a violent offence or are in the care of
a secure forensic psychiatric hospital).

This review aimed to (a) identify the differences in cognitive abilities
between violent and non-violent offenders, (b) identify cognitive cor-
relates of violent offending in violent, forensic populations, and (c)
determine gaps in the literature and areas in need of further
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investigation.
3. Method
3.1. Protocol registration

This review follows the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines (Moher, Liberati,
Tetzlaff, & Altman, 2010), and the protocol was published on the
PROSPERO website on 15 August 2016 (study registration number:
CRD42016043925).

Search Strategy.

Systematic literature searches of electronic databases Web of Sci-
ence, PsycInfo (1987-May week 1, 2016), Embase (1980-Week 19,
2016), Medline (1946-April week 4, 2016), and CINAHL (1937-August
3, 2016) (all searches were updated on 10 November 2021) were per-
formed. An attempt was made to include all published and unpublished
studies relevant to understanding the effect that cognitive abilities have
on violent offending in forensic populations. Search terms related to
potential independent variables (cognitive abilities), forensic and
mentally ill populations, and outcome terms (violence) were combined.
A combination of search terms and search features (e.g., explode) were
corroborated with a librarian to ensure the return of as many relevant
papers as possible. Terms were combined using a Boolean search strat-
egy: cognitive abilities AND violence AND offenders OR mentally ill
offenders AND risk. Manual searches were conducted by inspecting
reference lists of articles and reviews to find relevant studies that were
not yet included. All identified papers were transported into EndNote for
further investigation. An example of the search strategy can be found in
Appendix A.

3.2. Eligibility criteria

Inclusion and exclusion criteria were defined as follows, using the PI
(E)CO framework:

Population: Studies were included if the sample had a recorded his-
tory of violence and had been (a) convicted or charged with a violent
offence (forensic) or (b) were in the care of the forensic mental health
system as a result of their past offences or perceived risk of violence. This
included samples of all ages, and with all diagnoses. Studies were
excluded from the review if they focused primarily on fire-setting, as
there is research to show that these populations may have different risk
factors, included non-forensic sample(s), if not all members of the vio-
lent group or sample had committed violent contact offences unless they
were in a secure forensic environment.

Exposure: Studies were included if they examined a relationship
(association, prediction, comparison) between individual cognitive
abilities and violence and physical aggression, and if neuropsychological
assessment outcomes (e.g., performance on neuropsychological mea-
sures) and cognitive components/domains/abilities (e.g., behaviours or
characteristics caused by underlying brain mechanisms including clin-
ical phenomena such as insight) from clinical measures and risk as-
sessments were included as predictor, comparison, or outcome
variables. Studies were excluded if composite scores encompassing
several domains were exclusively reported (except those that reported
FSIQ scores and related indices, as these were included in an exploratory
analysis to examine the effect of intelligence on violent outcomes). A list
of measures included can be found in Appendix C.

Comparison: Studies were included if they compared a sample of vi-
olent offenders to a sample of non-violent offenders. Studies were
excluded if they compared violent offenders to healthy controls, non-
forensic samples, or other violent offenders.

Outcomes: Studies were included if outcome variables related to
violence and physical aggression. Studies were excluded from this re-
view if they did not examine the relationship between neuropsycho-
logical variables and violence or physical aggression, did not provide a
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clear definition and measurement of violence, aggression, or type of
violence, and when a composite score of violence or aggression was
used, and included self-injury or verbal aggression with no differentia-
tion. Studies were also excluded if they did not provide quantitative
outcomes.

Unpublished studies (including theses and dissertations) were also
included in this review. Studies which were not published in English
were excluded.

3.3. Definition of violence

There are various ways in which violence is defined within the
literature in this field, and currently, there is no consensus on the ele-
ments that should be included, or what makes up a comprehensive
explanation for such a complex construct. As definitions often vary ac-
cording to which measurement technique is used, level of severity, and
the context in which it is being measured (inpatient vs. community), it is
imperative that discretion is used when choosing a definition to fit the
specifics of a study design. For the purposes of this review, violence is
described as, the purposeful use of physical strength or force to harm
another individual/individuals, and committing sexual acts against
another person without their consent, or against those unable to give
consent, and more concretely defined as, behavior involving “an
intentional act of physical aggression against another individual that is
likely to cause physical injury” (Meloy, 2006, p. 536). In an attempt to
avoid heterogenic outcomes, acts of physical violence and aggression
stood as the main focus of this review.

3.4. Study selection and data extraction

The first author (SJ) reviewed abstracts and titles, and those which
were considered as irrelevant were excluded. Full-text papers were
reviewed against the inclusion criteria by the first author (SJ) and a
random sample of 25 % of the full-text papers were reviewed by a second
reviewer (author LGM). Papers included in this review were categorised
based upon type of study (neuropsychological differences between vi-
olent and non-violent groups and neuropsychological correlates of
violence). For each study, the following variables were extracted and
coded (where available) and were recorded on a data extraction form:
Author and year of publication or submission, sample size, country,
setting, sex, age, study design, cognitive variables examined, measures
used and type, and type of violence/outcome variable.

3.5. Quality assessment

Due to the variety of research designs included in this review, two
separate quality assessment measures were used, The Newcastle-Ottawa
Scale (NOS; Wells et al., 2015), for cohort and cross-sectional studies,
and the National Institute of Health (NIH) Quality Assessment tool for
observational studies with no control group (National Institute of
Health, 2014). Quality assessment was completed independently by one
reviewer for all included studies, and a second reviewer for 25 % of the
papers. Disagreements were reviewed and discussed until a consensus
was reached. In line with best practice, no papers were excluded based
on quality.

3.6. Statistical analysis

Meta-analyses were conducted, and forest plots were created using
the metafor (Viechtbauer, 2010) and meta (Balduzzi, Riicker, &
Schwarzer, 2019) packages in R: A language and environment for sta-
tistical Computing, Version 3.3.6 (R Core Team, 2020). Studies were
grouped for meta-analysis according to the cognitive domain(s) that
were reported. Cognitive domains that were reported were analysed
separately to allow for identification of which cognitive domains might
evidence greater impairments (e.g., poorer performance on
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neuropsychological and clinical measures). Studies did not need to use
the same assessment tool to be grouped, as they all had violent out-
comes, and studies which measured the same cognitive ability with
more than one tool (e.g., two impulsivity measures) were pooled to
obtain an average effect size for the cognitive domain. Individual test
scores were extracted in addition to indices scores where they were
available. To improve the validity of results, analyses were only con-
ducted on cognitive domains examined in three or more studies (Witt
et al., 2013). Significance of pooled effects was determined by exam-
ining the 95 % confidence intervals, where an effect was significant if
the confidence intervals did not include 0.

All meta-analyses were conducted using random-effects models as
there was likely to be heterogeneity due to the broad inclusion criteria.
Heterogeneity of variance among studies was identified by Cochran's Q
test for heterogeneity (Cochran, 1954) and its magnitude was assessed
using the I statistic, which describes the percentage of variance due to
among-study factors. Although there is no universal rule of thumb for
the interpretation of heterogeneity, Higgins, Thompson, Deeks, and
Altman (2003), suggest that tentative values of low, moderate and high
heterogeneity correspond to P scores of 25 %, 50 % and 75 % respec-
tively. When the presence of heterogeneity was identified by the Q test
(p <0.05), additional analyses were conducted to identify the source of
heterogeneity by identifying outliers and studies influencing the pooled
effect and heterogeneity using the influence function (Viechtbauer &
Cheung, 2010) in the metafor programme in R (Viechtbauer, 2010) and
subsequently performing sensitivity analyses (Green, 2011). According
to Green (2011), it is best to run the analysis with and without potential
outlying/influencing studies, reporting results for both (sensitivity
analysis), however, it is rarely informative to produce forest plots for
each, thus, forest plots were only created for all studies included and not
to reflect the removal of outlying/influencing studies. Further, Green
(2011) advised that the exclusion of studies after sensitivity analysis is
likely to introduce bias, therefore, no studies were excluded on this
basis. Where studies were removed but effects remained similar to the
original, results were considered robust, whereas if the effects differed,
results were interpreted with caution (Aromataris & Munn, 2018).

Publication bias was measured when there were k > 10 studies for a
domain, by generating funnel plots and running a regression test for
funnel plot asymmetry where the model is a weighted regression with
multiplicative dispersion and the predictor is the standard error (Green,
2011). Models with a p-value <.05 suggest the presence of publication
bias. The trim.fill.rma function in the metafor programme in R was used
to estimate the number of missing studies and the true effect if the
missing studies were included in the original analysis (Viechtbauer,
2010).

For between-group studies, data were presented in a variety of
manners, including means and standard deviations, t-tests, and
ANOVAS. As a central interest was looking at the differences between
the groups, all data were transformed into Cohen's d for comparison,
using an effect size calculator provided by the Campbell Collaboration
(Wilson, n.d.). The following quantitative descriptors are used to define
effect ranges for Cohen's d and g small (0.20); medium (0.50); large
(0.80) (Cohen, 1988). In studies which examined prediction or associ-
ation of violence, data were presented as correlations, odds ratios,
means and standard deviations, and area under the curve (AUC). Given
the observational nature of most studies, all data were transformed into
correlation coefficients for comparison. When data were presented as a
correlation, they were not transformed, when data were presented as
odds ratios, an online effect size calculator using excel was utilized and
data were transformed into d using methods from Borenstein, Hedges,
Higgins, and Rothstein (2009), and then transformed from d to r using
the method of Rosenthal (1994). If they were reported as means or an
AUC score, they were transformed into d using methods from Ruscio
(2008) and then from d to r using Rosenthal (1994). The following
qualitative descriptors are used to define effect ranges: minimal (<
0.10); small (0.10-0.29); medium (0.30-0.49); large (0.50-0.69); very
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large (0.70+) (Cohen, 1988). Meta-analyses were conducted using
ZCOR in metaphor as the measure in models, which allowed for raw
correlations to be transformed into Fisher's Z-scores, and then trans-
formed back into correlations for interpretation (Viechtbauer, 2010).

4. Results
4.1. Study selection

A total of 24,601 papers were identified through the initial searches.
Following the removal of duplicates, 11, 280 papers were removed
based on their title or abstracts demonstrating no relevance to this re-
view, and 491 full-text papers were screened using the above criteria;
primary reasons for exclusion for the remaining papers are reported in
Fig. 1. Forty-two studies met the inclusion criteria; 39 were included in
the meta-analyses, and of the remaining three papers, one did not pro-
vide sufficient information to calculate an effect, and two reported on
cognitive domains which did not have enough individual papers to
include in a meta-analysis. There was 96 % agreement (Kappa = 0.83, p
< .001) on the inclusion and exclusion of papers between the primary
and secondary reviewers. All discrepancies were discussed and resolved.

The meta-analytic results section of this review is broken into two
parts. Part one will examine cognitive domains which differentiate vi-
olent and non-violent populations, and part two will highlight cognitive
correlates of violence. In addition to this, as FSIQ is a composite score,
the analysis of it was not reported as a main finding in this review, but
rather, individual measures and index scores were reported. However,
individual studies that fit the inclusion criteria, but only measured FSIQ
were not excluded and are reviewed in an exploratory analysis before
the discussion.

Aggression and Violent Behavior 74 (2024) 101887

5. Cognitive differences between violent and non-violent
offenders

5.1. Study characteristics

Of the 42 included papers, there were 22 that met inclusion criteria
for the comparison of violent and non-violent offenders. Characteristics
of the included studies are presented in Table 1. Six of the papers were
unpublished theses, and the remaining 16 were peer-reviewed. The
publication or submission dates ranged from 1978 to 2019, where nearly
half (45 %) were published from 2000 onwards. Fourteen (64 %) studies
examined samples from the United States, and the remaining samples
were from Canada, China, Germany, and the Netherlands. A total of
1657 violent offenders were included in this analysis. Violent group
sample sizes ranged from 20 to 343 participants, where the majority (81
%) had n <100, with an average sample size of n = 75. There was a total
of 1433 non-violent offenders, with sample sizes ranging from 14 to 369,
and an average sample size of n = 65. Participants' age ranged from 10 to
61 years old with mean age reported in only seven papers (violent and
non-violent), where the average age of the violent offenders was 25.99
(SD = 7.74), and the non-violent offenders was 27.53 (SD = 8.71). Six
studies reported the mean age of both groups combined, making the
overall mean age of all violent and non-violent offenders 24.26 (SD =
8.56). Women made up approximately 5 % of the participants for both
violent and non-violent offenders, 12 studies had all male samples, six
included a small number of women, and four did not report this. The
majority of studies measured cognitive abilities using behavioural or
performance measures (72 %), 19 % used self-report measures, and one
study used a combination of self-report and behavioural measures.

5.2. Methodological quality

The results of the quality assessments showed that 18 (81 %) papers
were considered to be of ‘fair’ quality, one was ‘good’ quality, and three
were ‘low quality’. A second rater assessed a random 25 % of the papers,
and there was a 100 % agreement (Kappa = 1.00, p = .01) on the quality

Records excluded

(k = 11,280)

Full-text articles excluded, with
reasons
(k =449)
*Non-English: (k =5)

«No violent outcome: (k = 75)
*No cognitive variables: (k = 176)
«Unsuitable control group: (k =23)
*Non-forensic sample: (k = 54)
«Sample not all violent: (k = 66)
«Compares two or more violent
groups: (k =23)

*Not quantitative: (k = 13)

Correlates of violence: (k = 18)
Included in both sections (k = 1)

«Poorfunclear definition of
violence: (k=7)
*Non-contact violence: (k = 7)

—
Records identified through Additional records identified
= database searching through other sources
£ (k=14,562) (k=39)
=
Duplicates removed
(k =2,830)
v
=
= Records screened
3 (k=11,771) -
%
_ :
Full-text articles assessed
for eligibility
N (k=491)
]
=
Studies included in
Review
— (k =42)
< l
;j Studies included in meta-analyses:
= (k=39)
Group comparisons: (k = 20)

Studics not included in meta-
analyses: (k = 3)

Fig. 1. PRISMA flow chart.
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Table 1
Characteristics of between-group studies.
Study Sample size Study characteristics QA Cognitive variables assessed
Reference Violent Non  Country Setting Violence
Bock & Hosser, 2014 343 369 Germany Prison Armed robbery, manslaughter, murder, and 1Q, empathy
bodily injury
Brimigion (2014)? 23 112 USA Resident Murder, forcible rape, robbery, assault e 1Q
youth centre
Bryant, Scott, Golden, & 55 55 USA Prison Assaultive crimes against persons Individual EF
Tori, 1984
Busch, Zagar, Hughes, 71 71 USA Juvenile Convicted of homicide A 1Q, individual EF
Arbit, and Bussell detention
(1990)
Chan & Chui, 2012 34 75 China Probation Robbery, serious assaults, wounding ek Impulsivity
Cornell and Wilson 72 77 USA Prison Convicted of homicide; serious assault 1Q
(1992)
Duwors, 19982 32 15 USA Prison Incarcerated for a violent offence ek Impulsivity
Edwards, Scott, Yarvis, 43 40 USA Prison Conviction of spouse abuse ke Impulsivity
Paizis, & Panizzon,
2003
Feichtinger (2007)? 42 56 USA Prison Assault, use of weapons, sexual assault, ks 1Q, individual EF
murder, manslaughter, and impaired driving
causing harm or death
Goldstein & Higgins- 66 112 USA Prison Past conviction of violent crime & chargesofa ~ ***** Empathy
D’allessandro, 2001 violent crime
Greenfield & Valliant, 20 19 Canada Prison Violent offenders (against person) 1Q, planning
2007
Gretton (1998)? 107 50 Canada Youth court/ Murder, manslaughter, attempted murder, 1Q
inpatient assault, sexual crimes, robbery, kidnapping,
possession of a weapon, and arson
Hays, Solway, & 25 39 USA Juvenile Committing one or more murder el 1Q
Schreiner, 1978 court/
probation
Kennedy, Burnett, & 64 31 USA Juvenile court At least one violent arrest ekl Language, inhibition
Edmonds, 2011
Kuin, Masthoff, Munafo, 71 14 Netherlands ~ Prison Convictions for assault and battery, ki 1Q, cognitive flexibility, drawing
& Penton-Voak, 2017 manslaughter, murder, sex offences or arson conclusions
with risk for persons.
Meijers, Harte, Meynen, 85 45 Netherlands  Prison Murder, arson, rape, and serious violence 1Q, planning, WM, response
& Cuijpers, 2017 memory, RI, set shifting, attention,
risk taking, decision making
Rimmer, 19987 20 20 USA Youth Assault, aggravated assault, attempted EF, verbal learning, problem
detention murder, and/or murder solving
Tarter, Hegedus, 31 28 USA Juvenile court  Inflicting personal injury of a nonsexual ke 1Q, EF, memory, language, learning
Alterman, & Katz- nature.
Garris, 1983
Ullman (1989)? 42 29 USA Prison History of two or more assaultive charges; ek CF, expressive, speech, language,
murder, manslaughter, forcible sexual assault, visuospatial abilities, memory
assault, kidnapping and robbery.
Umbach, Leonard, 114 71 USA Prison Violent offences ekt Risky decision making, IQ
Luciana, Ling, &
Laitner, 2019
Umbrasas, 2018 61 18 USA Military Violent offences (murder and rape) 1Q, PRI, VCI
prison
Zhou et al., 2014 236 87 China Juvenile Convicted of homicide, assault, rape, robbery, Impulsivity
detention and affray.

Note. IQ = intelligence; EF = executive functions; WM = working memory; VCI = verbal comprehension index; PRI = perceptual reasoning index; RI = response
inhibition; CF = cognitive flexibility; QA = Quality Assessment (using NOS); ? Indicates a doctoral thesis; ® study not included in meta-analyses.

of the included papers. As the NOS utilises stars as the scoring system,
qualitative descriptors were utilized to categorize papers for ease of
interpretation and explanation (e.g., high quality = 8-7 stars; fair
quality = 6-5 stars; low quality = 4-3 stars; unacceptable quality = < 2
stars). The most common items missing from papers were an adequate
description of the sampling strategy, representativeness of the sample
and controlling for confounding variables. All discrepancies between the
two raters were discussed, and an agreement was reached for all.

5.3. Meta-analysis of between-group studies

For each domain, a positive pooled effect size denotes poorer per-
formance of violent offenders relative to non-violent offenders. The
presence of heterogeneity was explored further when there were suffi-
cient papers to do so, and only one domain had a sufficient number of

papers to measure publication bias. Results are reported below for each
domain. Forest plots presenting pooled effect sizes and heterogeneity for
significant pooled effect sizes are shown in Fig. 2 for all domains.

5.4. Verbal comprehension

Violent offenders presented significantly lower scores on measures of
verbal comprehension, with a small effect size, relative to non-violent
offenders (k = 7; violent n = 347; non-violent n = 344). There was
heterogeneity within this group of papers which was explored further by
identifying outliers and subsequently performing sensitivity analyses
(Green, 2011). Analyses revealed that there were no statistical outliers
or influential studies, thus three studies which did not use WAIS or
Wechsler Intelligence Scales for Children (WISC) scales to measure
verbal comprehension were removed (e.g., Bryant, Scott, Golden and
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Study %Weight g [95% CI]
Uliman, 1989 — 13.76% -0.32[-0.80,0.16]
Tarteretal., 1983 —_— 13.13% 0.03[-0.48,0.54]
Buschetal, 1990 '—F 16.49% 0.13[-0.20, 0.46]
Umbrasas, 2018 F—-—< 12.80% 0.35[-0.18,0.88]
Brimigion, 2014 —— 14.14% 060([0.14,1.06]
Kennedy et al., 2011 —— 1437% 0.77[0.33,1.21]
Verbal Bryant et al, 1984 — 15.31% 0.84[0.45,1.23]
Comprehension “ :
RE Model (Q (6) = 21.42, p = 0.001; I = 72%) — 100.00% 0.35[0.04, 0.66]
Umbrasas, 2018 e 16.74% 0.13[-0.40, 0.66)]
Busch et al., 1990 e 43.05% 0.24[-0.09,0.57]
Tarter etal., 1983 ——— 17.47% 0.27[0.24,0.78]
. Brimigion, 2014 [ m— 22.74% 0.40[-0.05,0.85]
Reasoning
RE Model (Q (3) = 0.62, p = 0.89; I = 0%) - 100.00% 0.26[0.05, 0.48]
Tarter et al, 1983 e 15.78% -0.19[-0.70, 0.32]
Meijers et al., 2017 - 2059% 0.25[-0.13,0.63]
Rimmer, 1999 e 1263% 0.25[-0.37,0.87)
Uliman, 1989 . 16.92% 0.36[-0.12, 0.84]
Kuin et al,, 2017 ——e— 13.89% 0.37[-0.20, 0.94]
. Bryant et al., 1984 — 20.19% 0.83[0.44,1.22
Attention ) ° [ ]
RE Model (Q (5) = 10.56, p = 0.06; I” = 52%) e 100.00% 0.33[0.05,0.62]
Chan & Chui, 2012 R 20.66% 0.19[-0.21, 0.60]
Zhouetal, 2014 = 5225% 0.30[0.05, 0.56]
Edwards et al,, 2003 [ S 18.13% 0.31[-0.12, 0.74]
Duwors, 1998 e 897% 0.33[-0.28, 0.95]
Impulsivity
RE Model (Q (3) = 0.24, p = 0.97; I = 0%) - 100.00% 0.28[0.10,0.47]
Rimmer, 1999 B — 22.32% 0.42[-0.21,1.05]
. Uliman, 1989 — 3257% 0.88[0.38, 1.38]
Expressive
Speech Bryant et al., 1984 —. 4510% 1.05[0.65, 1.45]
RE Model (Q (2) = 2.77, p = 0.24; I = 22%) —— 100.00% 0.85[0.53,1.18]
[ T T T T T T 1

2 15

Fig. 2. Forest plots for between-group studies with significant effects.
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15802
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Note. Positive effect sizes reflect poorer performance of violent offenders on measures; RE = Random Effects Model; Q = Cochran's Q test for heterogeneity; g = effect
size; CI = 95 % confidence interval of effect size g; I = proportion of dispersion due to variability between studies.

Tori, 1984; Kennedy, Burnett and Edmonds, 2011; Ullman, 1989),
resulting in a large decrease in heterogeneity (I = 17 %). The effect size
decreased and remained significant (k = 4; n violent = 186; n non-vio-
lent = 229; g = 0.26, 95 % CI [0.02, 0.50]).

Examination of the forest plot revealed that the only three studies (e.
g., Brimigion, 2014; Bryant, Scott, Golden and Tori, 1984; Kennedy,
Burnett and Edmonds, 2011) with significant effect sizes had little or no
exclusion criteria for participants in comparison to the remaining pa-
pers, which may have artificially inflated their findings. For example, a
proportion of Bryant, Scott, Golden and Tori, 1984’s sample had
learning disabilities, which may have added to the effect size. In contrast
to this, the smallest effect size in the expected direction was reported by
Tarter, Hegedus, Alterman and Katz-Garris, 1983 who excluded

individuals with psychosis, brain trauma, and abnormal brain scans,
which may explain the small effect sizes reported in their study, as brain
injuries, such as traumatic brain injuries (TBI) have been linked to
cognitive difficulties (Ponsford, Draper, & Schonberger, 2008), and have
an overlapping relationship with mental illness and increased aggression
(Brown, O’Rourke, & Schwannauer, 2019). This finding suggests that
the pooled effect may be convoluted by extraneous variables, which
once controlled for, may result in a non-significant finding.

Reasoning

Four included studies with n = 186 violent offenders and n = 229
non-violent offenders measured reasoning, revealing a significant, small
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effect size and no heterogeneity. All included studies assessed reasoning
using a Wechsler scale, and despite the significant pooled effect size, no
individual studies demonstrated a significant effect. Moreover, the
confidence intervals are wide suggesting uncertainty in the true effect.

5.5. Attention

Attention scores were reported in six studies (n violent = 299; n non-
violent = 187), resulting in a small, significant effect size in the expected
direction, however, heterogeneity was evident. Although heterogeneity
was likely due to attention being analysed as a single construct in this
review, as there was not enough data to look at the different types
separately (e.g., sustained, selective, auditory), contributors to hetero-
geneity were investigated. The removal of two statistical outliers (e.g.,
Bryant, Scott, Golden and Tori, 1984; Tarter, Hegedus, Alterman and
Katz-Garris, 1983) decreased heterogeneity F#=0 %), and the differ-
ence between the performance of violent and non-violent offenders on
measures of attention remained significant (k = 4; n violent = 213; n
non-violent = 104; g = 0.30, 95 % CI [0.05, 0.54]), and only decreased
slightly, indicating that the true effect is likely within this range. How-
ever, Bryant, Scott, Golden and Tori, 1984 was the only paper to
contribute a large, significant effect size to this analysis, and it was much
larger than the remaining papers (g = 0.83); additionally, the effect size
for Tarter, Hegedus, Alterman and Katz-Garris, 1983 was trending in the
opposite direction, both of which may be the result of differing inclu-
sion/exclusion criteria as discussed above. Taking these findings in
conjunction with the significant heterogeneity observed before the
removal of outliers, and the spread of the 95 % confidence intervals,
more research is required to determine the true between-group effect for
attention.

5.6. Impulsivity

Violent offenders had significantly higher scores on measures of
impulsivity indicating greater impairment (e.g., poorer performance)
relative to non-violent offenders (k = 4; n violent = 117; n non-violent =
104), and the data were homogenous, revealing a small effect size. Only
Zhou et al., 2014 found a significant effect, however, the only notable
differences between this and the other studies were the inclusion of
juvenile participants aged 15 to 17 years, and the magnitude of differ-
ence in sample size between those in the violent group (n = 236) and
those in the non-violent group (n = 87). Comparatively, the remaining
studies under this domain had sample sizes ranging from n = 32 to 43 in
violent groups, and n = 15 to 75 in the non-violent group, thus, the
violent offending group in the Zhou et al., 2014 had more than double
the sample size than the other three studies had combined, which
increased the likelihood of finding a significant effect. Three out of the
four studies in this domain used the Barrett Impulsivity Scale (BIS-11) to
measure impulsivity in prisoners resulting in effects of similar magni-
tude, ranging from d = 0.30-0.33, whereas the fourth study measured
impulsivity in probationers with the Impulsiveness Scale- Short Form
and found a much smaller effect size (d = 0.19).

5.7. Expressive speech

Violent offenders performed significantly poorer on measures of
expressive speech (k = 3; violent n = 117; non-violent n = 104),
resulting in a large effect size and no significant heterogeneity. Both
Ullman (1989) and Bryant, Scott, Golden and Tori, 1984 contributed
significant, large effects to the forest plot (g = 0.88, g = 1.05, respec-
tively), whereas Rimmer, 1998 found a much smaller, non-significant
effect (§ = 0.42). Notably, both Ullman and Bryant employed the
Luria Nebraska Neuropsychological Battery (LNNB) to measure
expressive speech, whereas Rimmer, 1998 employed the Learning-
Verbal Scale, which may explain the difference in magnitude in effect
sizes.

Aggression and Violent Behavior 74 (2024) 101887
5.8. Non-significant findings

No significant differences were found between violent and non-
violent offenders on measures of memory, examined as a construct, as
there was not enough data to look at the different types separately (e.g.,
long/short-term, verbal, episodic, semantic; k = 4; violent n = 132; non-
violent n =126, g = 0.21, 95 % CI [—0.05, 0.47]), working memory (k =
5; violent n = 264; non-violent n = 309, g = 0.35, 95 % CI [-0.03,
0.73]), processing speed (k = 4; violent n = 196; non-violent n = 225, g
= 0.20, 95 % CI [—0.02, 0.42]), response inhibition (k = 3; violent n =
186; non-violent n = 128, g = 0.20, 95 % CI [—0.03, 0.44]), cognitive
flexibility (k = 4; violent n = 184; non-violentn = 166, g=0.19, 95 % CI
[—0.02, 0.41]), planning (k = 6; violent n = 264; non-violent n = 235, g
= 0.12, [-0.11, 0.36]), and motor skills (k = 4; violent n = 157; non-
violent n = 154, g = 0.18, 95 % CI [—0.78, 0.41]).

6. Exploratory analysis
6.1. Intelligence

As stated in the introduction, intelligence is often reported as a
composite score giving little insight into the specific abilities which
contribute to the score, and thus it was not part of the main analyses in
this review. However, there have been debates on whether intelligence
is a protective or risk factor for violence. For example, historical studies
suggested that low IQ was related to conduct disorder and antisocial
behaviours and postulated that this may in part be due to associated
cognitive impairments Moffitt (1993), and Maguin and Loeber (1996)
also agreed that low IQ played a part in offending behavior and stated
that antisocial behavior is often accompanied by academic problems.
More recent research has conceptualised high intelligence as a protec-
tive factor against violence, suggesting that it can help to override
problems often seen in aggressive individuals, such as compensating for
having a disadvantaged background in education and job attainment
(Damian, Su, Shanahan, Trautwein, & Roberts, 2015; see Ttofi et al.,
2016 for a review).

As aresult of these suppositions, studies that reported information on
the intelligence of offenders were further investigated. Intelligence was
examined in k = 13 studies (violent n = 971, non-violent n = 918) and
produced a small significant effect size (g = 0.15, 95 % CI [0.02, 0.271])
with 25 % between study heterogeneity. However, after controlling for
publication bias, the trim-and-fill analysis estimated that three studies
were missing, resulting in a small, non-significant effect (g = 0.09, 95 %
CI [—0.04, 0.22]) (the funnel plot can be found in Appendix B). Under
the intelligence domain, only two papers reported significant differences
between groups with moderate effect sizes (e.g., Brimigion, 2014, g =
0.54, 95 % CI [0.09, 0.99] and Hays, Solway and Schreiner, 1978, g =
0.53, 95 % CI [0.02, 1.04]), both assessing intelligence with a Wechsler
scale, however the remaining six studies that also used a Wechsler scale
found small, non-significant effects (e.g., g = —0.15 to 0.44). Studies that
implemented other measures to assess intelligence, including the Test of
Non-Verbal Intelligence in prisoners (e.g., Greenfield and Valliant,
2007, g = 0.44, 95 % CI [—0.20, 1.08]), Ravens Standard Progressive
Matrices in prisoners and juveniles in a detention center (e.g., Kuin,
Masthoff, Munafo and Penton-Voak, 2017, g = 0.07, 95 % CI [—0.50,
0.65]; Rimmer, 1998, g = 0.06, 95 % CI [-0.09, 0.21]), and the Vienna
Matrices Test in prisoners (e.g., Bock and Hosser, 2014, g = 0.06, 95 %
CI [—0.56, 0.68]) failed to significantly differentiate the groups. Further
investigation into the two significant effect sizes revealed again that
broad or non-specific inclusion/exclusion criteria for samples in indi-
vidual studies may artificially inflate effect sizes, for example, the Hays,
Solway and Schreiner, 1978 study compared juvenile murderers to
status offenders, operationalised as non-violent offences that only ju-
veniles would be charged for, such as truancy, which may have created a
more marked distinction between the violent and non-violent samples
than found in similar studies, and, as previously mentioned, the lack of
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exclusion criteria implemented in Brimigion (2014)’s study, may have
inflated their individual effect sizes. When FSIQ was disaggregated into
verbal IQ and performance IQ, neither produced significant pooled ef-
fect sizes. These findings support the notion that the assessment of dis-
aggregated cognitive functions may be necessary in this population,
however, the magnitude of the effect sizes suggests that the intellectual
abilities between violent and non-violent offenders is of a negligible
magnitude, even in the presence of broader inclusion criteria.

7. Cognitive correlates of violent offending
7.1. Characteristics of studies

There were 21 studies that fit the inclusion criteria for identifying the
association between cognitive abilities or impairments (e.g., poorer
performance on measures) and violence. Characteristics of the 21 indi-
vidual studies are presented in Table 2. The publication or submission
date of included papers ranged from 1992 to 2018, where over half (76
%) were published from 2008 onwards. Two of the included studies
were unpublished theses, and the remaining 19 were published, peer
reviewed papers. Four (19 %) of the included studies examined samples
from the United States, and the remaining samples were from the United
Kingdom, the Netherlands, Canada, Ireland, New Zealand, Kosovo,
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Finland, and Germany. These studies provided a total of 2377 offenders
for inclusion in this synthesis. Sample sizes ranged from 41 to 409, with
the average sample size being approximately n = 113. Within the
included studies, the age ranged from 15 years old to 74 years old, only
17 papers reported mean ages, where the average age of the offenders
was 35.95 (SD = 6.93). Most participants were men, with women
making up approximately 7 % of offenders. The majority of studies
followed a prospective design (55 %), and the remaining studies fol-
lowed a correlational (25 %) or retrospective design (20 %). Types of
measures used in this section varied, 40 % of studies used a behavioural
or performance measure to ascertain cognitive functioning, 35 % used
self-report measures, 15 % used risk assessments, and 10 % used a
clinical rating scale.

7.2. Methodological quality

The results of the quality assessments showed that 14 were consid-
ered to be of ‘fair’ quality, two were ‘good’ quality, and five were ‘low
quality’. The most common reasons for lower quality assessments were
not justifying sample size, the use of retrospective and cross-sectional
designs, and not reporting number of loss to follow-up or participation
rates. A second rater assessed a random 25 % of the papers, and there
was a 100 % agreement (Kappa = 1.00, p = .02) on the quality of the

Table 2
Characteristics of correlation and prediction studies.
Study Sample Study characteristics QA Cognitive domains assessed
Reference size Country Setting Violence measure
Abidin et al. (2013) 100 Ireland Forensic hospital Actual, attempted, threatened harm to others Fair Impulsivity, insight, attn.
Alja-Klein, O'Rourke, 60 USA Forensic hospital Violence Assessment Scale Low Insight
Goldstein, and Malaspina
(2007)
Bass and Nussbaum, 2010% 45 Canada Forensic patients Frequency of seclusions Low Decision making
Beggs and Grace, 2008 216 New Prison Violent recidivism Fair 1Q
Zealand
Belfrage, Fransson and 41 Sweden Prison Institutional violence Fair Impulsivity, insight
Strand, 2000
Brugman et al., 2016% 69 Netherlands Forensic patients MOAS (rated for separate levels of severity) Fair Attn. bias, emotion recognition, RI
Coid, Kallis, Doyle, Shaw 409 UK Med. secure MacArthur Community Violence Scale Good  Insight, impulsivity
and Ullrich, 2015 Prisoners/
community
De Vogel and De Ruiter, 127 Netherlands Forensic hospital Physical violence Fair Insight, impulsivity
2006
Dejong, Virkkunen and 248 Finland Court referred Violent recidivism Low 1Q
Linnoila, 1992
Edwards, Scott, Yarvis, 44 USA Prison CTS severe physical Male Violence Low Impulsivity
Paizis and Panizzon, 2003
Fullam and Dolan, 2008 82 England Med/high forensic Clear instigator, co-aggressor, and if the Fair 1Q
Hospitals incident involved physical aggression to staff,
patients, property.
Howard, Khalifa and 100 England High secure Violent Index of modified version of GRS Fair Premeditation, urgency, SS,
Duggan, 2014 hospitals perseveration
Lodewijks, Doreleijers, de 66 Netherlands Juvenile Physical violence against persons (incident Fair Risk taking/impulsivity, empathy
Ruiter and Borum, 2008 corrections files)
McDermott, Edens, 108 USA State hospital Inpatient physical aggression Fair Impulsivity
Quanbeck, Busse and
Scott, 2008
McKee, 2004* 111 UK Forensic patients Violent convictions Low Impulsivity
Moulden (2009)* 122 Canada Prison Self-reported aggression questionnaire Low Empathy
Nazmie, Nebi, Zylfije and 65 Kosovo High secure Inpatient violent behavior/violent recidivism Fair 1Q, CF, PS, visual attention
Bekim, 2013 forensic
Nigel et al., 2018 158 Germany Forensic patients Violent offences with penal consequences Fair Empathy
O'Reilly et al., 2015 89 Ireland Forensic hospital Clear instigator or co-aggressor, and if the Good  Attn., PS, WM, social cognition,
incident involved harm to staff or other reasoning, visual & verbal learning
patients.
Smith, Edens and 73 USA Forensic hospital Inpatient aggression Fair Self-centred impulsivity
McDermott, 2013
Tonnaer, Cima and Arntz, 44 Netherlands Forensic psych. Self- reported Reactive-Proactive Aggression Fair Impulsivity, WM, SS, RI, divided &
2016 Centre Questionnaire flexible Attn.

Note. The table presents characteristics of included studies; *indicates a thesis; *study not included in meta-analyses; IQ = intelligence; RI = response inhibition; WM =
working memory; QA = Quality Assessment (using NIH tool); Med. = Medium; Attn. = attention; CF = Cognitive flexibility; SS = Sensation seeking; Psych. = psy-
chiatric; MOAS = Modified Overt Aggression Scale; CTS = Conflict Tactics Scale; GRS = Gunn Robertson Scale.
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included papers.

Meta-Analysis of Correlation and Prediction Studies.

Forest plots for the significant pooled effect sizes and heterogeneity
are shown in Fig. 3 for all domains.

7.3. Impulsivity

Impulsivity was significantly associated with violent outcomes (k =
11, n = 1, 221) producing a small, significant correlation and no sig-
nificant heterogeneity. The trim-and-fill analysis evidenced publication
bias, and estimated that there were four missing studies, suggesting the
true effect after controlling for this is, r = 0.22, 95 % CI [0.14, 0.28], P
= 38 % (the funnel plot can be found in Appendix B). Examination of the
two studies that had non-significant effect sizes (e.g., McDermott, Edens,
Quanbeck, Busse and Scott, 2008; Smith, Edens and McDermott, 2013)
revealed that both studies defined their outcome the same (e.g., physical
aggression), and operationalised it using the same coding scheme, which
may have also contributed to their non-significant findings, as it was
specific to one behavior. The study with the largest effect (e.g., Belfrage,
Fransson and Strand, 2000), had the smallest sample out of the papers,
used the HCR-20 as a measure of impulsivity, and defined their outcome
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as institutional violence, operationalised as assault of staff or other pris-
oners, severe damage to prison cells, and severe threats to staff, an
operationalisation that is much broader than that employed by the
McDermott et al. and Smith et al. studies, which likely contributed to the
significant finding.

Post-hoc exploratory analyses were performed to investigate the use
of risk assessments as a measure of impulsivity relative to behavioural
and self-report measures. Interestingly, the use of risk assessments alone
produced a moderate effect (r = 0.31, 95 % CI [0.21, 0.61]), but with
moderate heterogeneity (IZ = 53.8 %), and when this was further broken
down to examine the HCR-20 on its own (e.g., independent of other risk
assessments), it produced a small effect (r = 0.29, 95 % CI [0.16, 0.42]),
with moderate heterogeneity P = 62 %). However, when self-report (e.
g., BIS-11, UPPS Impulsivity Scale, Psychopathic Personality Inventory),
clinician rated (e.g., Positive and Negative Symptoms Scale [PANSS]),
and behavioural measures (e.g., Matching Familiar Figures Test, and
Wisconsin Card Sorting Test-Perseverative Errors) were examined
together, they produced a small effect size (r = 0.24, 95 % CI [0.16,
0.31]) with no heterogeneity. Although it is unknown what information
was used to complete the risk assessments, these findings suggest that
clinical judgement results in significant heterogeneity, compared to

Study %Weight r [95% CI]
McDermott et al, 2008 __._‘ 10.08% 0.11[-0.08, 0.29]
Smith etal,, 2013 ,__.% 747% 0.15[-0.08,0.37]
Coidetal, 2015 e 20.97% 0.16[0.06, 0.25]
McKee, 2004 e 10.28% 0.23[0.05,0.40]
De Vogel and De Ruiter, 2006 I 1129% 0.29[0.12,0.44]
Abidinetal, 2013 P 9.46% 0.33[0.14,0.50]
Edwards etal, 2003 P 471% 0.33[0.04,0.58]
Howard et al., 2014 —— 9.53% 0.36[0.18,0.52]
Lodewijks et al., 2008 P 6.87% 0.36[0.13,0.55]
Tonnaer etal., 2016 P 482% 0.38[0.09, 0.61]
Impulsivity Belfrage et al., 2000 —_— 451% 046[0.18,067]
RE Model (Q (10)=13.25,p=0.21; \2:28%) g 100.00% 0.26[0.19,0.33]
Abidinetal,, 2013 »—I—< 33.92% -0.22[-0.40,-0.02]
O'Reilly et al., 2015 % 30.07% -0.13[-0.33, 0.08]
Tonnaer etal., 2016 —-——« 14.34% -0.10[-0.39, 0.20]
Nazmie et al., 2013 >—'—< 2168% 0.01[-0.23, 0.25]
Attention
RE Model A o 100.00% -0.13[-0.24,-0.01]
(Q(3)=2.10,p = 0.55,I° = 0%) i
Alia-Klein et al., 2007 —_ 789% -0.37[-0.57,-0.13]
De Vogel and De Ruiter, 2006 —— 1717% -0.27[-0.42,-0.10]
Coid etal, 2015 —— 56.23% -0.25[-0.34,-0.16]
Insight Belfrage et al, 2000 —_— 5.26% -0.20[-0.48, 0.11]
Abidinetal., 2013 *-—-' 13.43% -0.18[-0.36, 0.02)
RE Model ) - 100.00% -025[-0.32,-0.18]
(Q(4)=167,p=0.79,F = 0%) i
[ T T T T T 1
06 04 02 0 02 04 06

Fig. 3. Forest plots for correlates of violence.

Correlation Coefficient

Note. Negative effect sizes reflect poor performance on measures, except for impulsivity, as higher impulsivity scores indicate increased impairment (e.g., poorer
performance); r = correlation coefficient; 95%CI = 95 % confidence interval; Q = Cochran's Q test for heterogeneity; I? = Percent of heterogeneity between studies,

RE = Random Effects Model.
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other measures of impulsivity.
7.4. Attention

For violent offenders, poorer performance on measures of attention
were significantly correlated with violence, and data were homogenous
(k = 4; n = 298). Of note, the effect size reflects attention as a single
construct, as there were insufficient data to analyse types of attention
separately. Of the studies that examined attention, the only one to
contribute a small, significant effect (e.g., Abidin et al., 2013, Fig. 3),
also had the largest sample size and used the PANSS to measure the
domain, which is not a valid measure of attention, but is based on a
clinician's rating from a structured interview. All the studies under this
domain included mentally ill offenders, and three out of the four studies
measured the outcome prospectively (Tonnaer, Cima and Arntz, 2016
employed a correlational design). Moreover, the two studies with the
smallest effects (e.g., Nazmie, Nebi, Zylfije and Bekim, 2013; Tonnaer,
Cima and Arntz, 2016), were the only studies under this domain to have
specific exclusion criteria. For example, the Nazmie, Nebi, Zylfije and
Bekim, 2013 study excluded any patients with a history of organic brain
syndrome, head injury, and intellectual disabilities, and similarly,
Tonnaer, Cima and Arntz, 2016 excluded patients with psychotic dis-
orders, and those with an IQ score lower than 80, whereas the patients in
the other studies had diagnoses of schizophrenia spectrum disorders,
other psychotic disorders, and intellectual disabilities. As it is well
known that schizophrenia and psychotic illness are often characterised
by cognitive impairments (Sheffield, Karcher, & Barch, 2018), it is likely
that controlling for these factors decreased the overall effect that
cognitive impairments had on violent outcomes, like the findings in the
between-group studies.

Insight

Decreased insight in violent offenders was significantly associated
with increased violence as evidenced by the random effects model (k =
5; n = 734). Insight typically involves three parts, “an awareness of
having an illness, an attribution of recognisable symptoms of that illness
and an appreciation for the need of treatment” (Ekinci & Ekinci, 2013, p.
116). Insight was however examined as a single construct as there were
insufficient data to consider dimensions separately, or to conduct sub-
group analyses. The forest plot showed that two studies did not find a
significant effect, Belfrage, Fransson and Strand, 2000, which was the
only study under this domain to recruit prisoners, and Abidin et al.
(2013), though they used risk assessments and the PANSS to measure the
construct. Interestingly, the largest effect was found by Alia-Klein et al.
(2007), which was the only study to use a measure designed to assess
insight specifically (e.g., the Scale to Assess Unawareness of Mental
Disorder [SUMD]), however, the quality of the paper was rated as low,
as the outcome was collected retrospectively.

7.5. Non-significant findings

No significant correlation was found between empathy scores of vi-
olent offenders and violent outcomes (k = 3; n = 346,r = —0.15, 95 % CI
[—0.33, 0.05]). There are two main types of empathy, affective and
cognitive, however, this analysis was conducted combining empathy
into a single construct which likely contributed to the presence of sig-
nificant heterogeneity. Likewise, no significant effects were found be-
tween measures of cognitive flexibility and violence (k =3,n=185,r=
—0.08, 95 % CI [-0.22, 0.07]).

8. Exploratory analyses
8.1. Prospective studies

An additional analysis was performed to examine the association
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between cognitive functioning and violence in studies which used a
prospective design. There were only enough studies to examine this in
impulsivity, attention, and insight, all of which revealed significant
findings. Small effect sizes were found for impulsivity with only 21 %
heterogeneity (k = 6, n = 882; r = 0.27, 95 % CI [0.20, 0.25]), attention
(k =4,n=254,r=-0.16, 95 % CI [—0.28, —0.03], P=17 %), and
insight (k = 4, n = 633, r = —0.17, 95 % CI [—0.26, —0.07], ¥ = 0 %). In
this review, studies which tested participants at baseline and followed
them up prospectively were rated to be of better quality relative to those
which used a retrospective or correlational design, however, they still
only produced small effect sizes. Also noteworthy is, of the six pro-
spective studies under impulsivity, only one used a measure specifically
designed to assess impulsivity (McDermott, Edens, Quanbeck, Busse and
Scott, 2008), while the other studies used risk assessments or clinical
rating scales. This was also the case for insight, whereby all the papers
used risk assessments or a clinical rating scale to measure the domain.

8.2. Intelligence

Intelligence was also explored in this portion of the review in k = 5
studies (n = 611) and resulted in a small significant effect (r= —0.14, 95
% CI [-0.25, —0.02]), and moderate heterogeneity (% = 54 %). After
the removal of an outlier (Howard, Khalifa and Duggan, 2014, the only
correlational study), heterogeneity decreased to 0 % and increased the
effect size (k =4, n =511;r = —0.18, 95 % CI [-0.25, —0.10]). All the
papers measured intelligence with a Wechsler Scale, however, only
three papers found small, significant effects (e.g., Fullam and Dolan,
2008, r = —0.32, 95 % CI [—0.50, —0.11]; Dejong, Virkkunen and Lin-
noila, 1992, r = —0.17, 95 % CI [-0.29, —0.05]; and Beggs and Grace,
2008, r = —0.14, 95 % CI [-0.27, —0.01]). There were not enough
papers in part two of this review to examine subscales of FSIQ. Like
intelligence in the between-group studies, the effect sizes here are
negligible, and the wide confidence intervals suggest uncertainty in the
true effect size.

9. Discussion
9.1. Cognitive differences between violent and non-violent offenders

Of the 12 cognitive domains that were analysed, effect sizes ranged
from small to large, and five had significant pooled effects in the
hypothesised direction showing that, within these studies, the violent
offenders had significantly poorer performances on neuropsychological
measures when compared to non-violent offenders. Notably, of these the
only significant domains found to be homogenous without further break
down included reasoning, impulsivity, and expressive speech, suggest-
ing robust findings. Sensitivity analyses revealed homogenous findings
on the remaining domains after removing outliers, however, these
findings should be interpreted cautiously.

The findings in this portion of the review suggest that the magnitude
of effect sizes is related to methodological variations, including how
participants are defined. For example, Bryant, Scott, Golden and Tori,
1984 was the only study to consistently contribute a significant indi-
vidual effect to the meta-analyses, and the effect was often much larger
compared to those provided by other studies, which may be the result of
not excluding participants with conditions that may exacerbate
impaired performances on cognitive measures, such as the presence of
learning disabilities (e.g., the proportion of each group with a learning
disability in Bryant, Scott, Golden and Tori, 1984: violent group = 31 %,
non-violent group = 24 %). This was further evidenced when comparing
the five papers in this section of the review that had significant effects,
where the Bryant, Scott, Golden and Tori, 1984, Kennedy, Burnett and
Edmonds, 2011, and Brimigion (2014) studies boasted moderate to large
significant effects and had minimal or no exclusion criteria, whereas the
papers by Ullman (1989) and Tarter, Hegedus, Alterman and Katz-
Garris, 1983 had somewhat smaller effects on certain domains, but
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stricter exclusion criteria. While this finding builds upon previous
research implying that the co-occurrence of risk factors for cognitive
impairments such as substance use, psychosis, and head injuries, may
worsen cognitive impairments (e.g., Allen, Goldstein, & Aldarondo,
1999; Fujii, Ahmed, & Hishinuma, 2004; Sachdev, Smith, & Cathcart,
2001), broad inclusion criteria and the failure to control for extraneous
variables may contribute to artificially inflated effect sizes, thus
complicating interpretation and future research. However, the variance
in the effect sizes, and the small magnitude observed in studies with
more stringently defined exclusion criteria, may imply that assessment
of cognitive abilities in relation to violence risk is only necessary for
offenders with risk factors for cognitive impairment, rather than all vi-
olent offenders.

Overall, the variability observed in effect sizes, and the ability for
some measures to differentiate similar populations and not others,
demonstrates the heterogeneity that is likely to be found in cognitive
impairments, both within and between the groups, as well as the various
methodologies implemented within the included studies. Thus, to gain a
better understanding of the measures and cognitive abilities that
differentiate violent from non-violent offenders, there is a need for high-
quality studies that can be replicated using the same neuropsychological
measures, in similar samples to those included in this review, though
with more specific inclusion/exclusion criteria. Given that several of the
studies did not produce meaningful effects, it is hypothesised that the
wide range of neuropsychological measures used in the individual
studies may have buried the true effects, and contributed, at least
partially, to the variability in magnitude of the effect sizes. Therefore,
attempting to replicate initial findings may allow for a greater under-
standing of the neuropsychological measures that are useful for differ-
entiating violent from non-violent offenders, and likewise, may aid in
developing a more focused list of measures for researchers to use in this
context to decrease heterogeneity. Last, while it was the not the focus of
the current review, it may be beneficial to further specify comparison
groups out with violent and non-violent, particularly when examining
offenders with severe mental illness. For example, comparing in-
dividuals with the same mental illness, but one group without a history
of violence, may have the potential to identify whether poor perfor-
mance on a cognitive measure is due to symptoms of mental illness or if
individuals with a violent history have a different neuropsychological
profile altogether.

9.2. Cognitive correlates of violent offending

The five cognitive domains that were analysed revealed small effects
ranging from r = —0.25 to 0.26, with three being significant in the
hypothesised direction suggesting that increased cognitive impairment
(as evidenced by poor performance on measures) on certain domains is
correlated with increased violence. Notably, the only significant do-
mains found to be homogenous without further break down included
impulsivity, attention, and insight, suggesting robust findings.

Findings from this portion of the review suggest that the magnitude
of effect sizes are related to the operationalisation of the outcome and
the measure employed in the individual studies. For example, as pre-
viously stated, Belfrage, Fransson and Strand, 2000 provided the largest
effect for impulsivity using the HCR-20, however, in comparison to some
of the other papers (e.g., McDermott, Edens, Quanbeck, Busse and Scott,
2008; Smith, Edens and McDermott, 2013), Belfrage, Fransson and
Strand, 2000 employed a much broader operationalisation for their
outcome. This finding demonstrates one of the issues in this type of
research, where specifically defined outcomes (e.g., physical aggression)
found no significant effects, and a broadly defined one did (e.g., insti-
tutional violence, including severe assault, threats, or property damage).
While the main focus of this review was on physical aggression and
violence, broad operationalisations were often difficult to disregard, and
are considered a limitation in this review. Moreover, it should be
highlighted that findings from studies which implement broad
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operationalisations of outcomes may be misleading as they lack speci-
ficity and further contribute to the uncertainty observed in risk assess-
ment research, adding little to the understanding of risk factors for
physical violence, specifically. Additionally, like the between-group
studies, the results from the attention domain re-emphasised the possi-
bility for an additive effect, as studies which excluded participants with
certain characteristics (e.g., psychosis, low IQ, and head injury) found
smaller effects relative to those which included participants with a
diagnosis of schizophrenia and other psychotic illnesses.

Findings from the post-hoc analyses under the impulsivity domain
suggest that the use of risk assessments and clinical judgement to mea-
sure impulsivity produces a slightly larger correlation to violent out-
comes relative to behavioural, self-report, and clinical measures,
however, the use of clinical judgement presents greater heterogeneity
than impulsivity measures. Therefore, the use of valid neuropsycho-
logical and clinical measures to assess the neuropsychological risk fac-
tors on risk measures, such as impulsivity, may reduce heterogeneity
and increase accuracy. This notion was further evidenced under the
insight domain where Alia-Klein et al. (2007) reported the largest effect
and was the only study to use a measure specifically designed to measure
insight (e.g., SUMD).

Finally, the analysis of prospective studies suggests that neuropsy-
chological domains found to be significantly associated with violent
outcomes (e.g., impulsivity, attention, and insight), would individually
add approximately 3-7 % incremental variance to contemporary risk
assessments, though impulsivity and insight are already included in
certain risk measures. As it is unclear whether the risk assessment rat-
ings of these domains were based on scores from valid neuropsycho-
logical assessments, it cannot be concluded that the assessment of
cognitive abilities do not add substantial incremental validity to risk
assessments based on these findings alone. In order to move this field of
research forward, transparent, high quality, replicable studies using the
same neuropsychological measures in various forensic samples, pro-
spectively, is crucial. Thus, like the conclusions Ogilvie et al. (2011)
drew based on their review findings, due to the heterogeneity in effect
sizes resulting from variations in methodologies, the true value of effect
sizes for these domains cannot be confidently estimated at this time.
However, given the large proportion of small effect sizes and wide
confidence intervals, it is postulated that many of the reviewed cognitive
abilities may not be meaningful additions to violence risk assessments,
though, more quality research is needed.

9.3. Limitations

Congruent with similar reviews, heterogeneity of the meta-analytic
data remains the primary limitation of this review. As a result of
potentially poor differentiation of violent and non-violent samples,
conceptual overlap in cognitive measures and differing definitions of
violent outcomes, it remains difficult to confidently interpret the do-
mains which robustly differentiate violent and non-violent groups. The
narrow inclusion criteria utilized in part two sought to address these
concerns by ensuring the inclusion of only studies measuring actual
violence (although this was often difficult to decipher), but this may in
turn have limited the overall generalisability of these results. Likewise,
as violent behavior is heterogeneous, subtypes of violence, such as
impulsive and instrumental, differ in their origins, mechanisms, and
management (Volavka, 1999). Thus, when sufficient data are available,
the examination of subgroups within violent populations will assist in
ascertaining information on specific risk factors for each group, perhaps
decreasing the overall heterogeneity and lending to more tailored
treatment programs and increased accuracy of risk assessments.
Furthermore, along with validated cognitive assessments, violence risk
assessments were also included in this review as a measure of cognitive
abilities. Although these measures are widely used, they are often scored
using clinical judgement, rather than structured assessment.
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9.4. Considerations for clinical utility

Neuropsychological functioning is often not considered in relation to
assessing violence risk and according to the findings of this and past
reviews (e.g., Reinharth et al., 2014), this is an area that is in need of
further examination. Based on their own review findings, Reinharth
et al. (2014) recommended the use of behavioural cognitive measures to
assess cognitive functioning (and clinical rating scales to measure
insight), as well as the addition of global cognitive measures or proxy
measures to risk assessments for aggression in individuals with psy-
chosis. However, based on the findings from the current review, more
robust studies are needed before this can be implemented into practice.
Albeit the results of this and past reviews (e.g., Lilienfeld, 2000; Ogilvie
etal., 2011; Sedgwick et al., 2017) evidence that cognitive impairments
are not only manifested in populations with schizophrenia and other
psychoses, but also in prisoners and court referred individuals with and
without major mental illness, although they may be more pronounced in
individuals with schizophrenia (Sedgwick et al., 2017), and those with
TBI. Such populations traditionally have less access to cognitive as-
sessments, but there is potential for this dearth to be addressed through
the increasing availability of software measures allowing self-
completion. Acknowledgement of the different cognitive profiles of
certain populations may aid in the treatment and management of these
individuals, and should be considered in formulations of risk.

9.5. Recommendations for future research

Due to the multidimensional underlying structure of many neuro-
psychological measures, with several different cognitive abilities inter-
acting to explain one given performance (Duggan & Garcia-Barrera,
2015; Karr et al., 2018), and their reputation for task impurity, it is
recommended that efforts are made to reach a consensus in the field on
which cognitive measures are the most robust in measuring cognitive
risk factors for violence. It is further recommended that a consensus be
reached on the cognitive domains which are most important to violence
risk. As it currently stands, the wide variety of differential cognitive
measures, and the use of one assessment to measure several different
functions has inhibited the ability for findings to be replicated and easily
synthesised. Future research should focus on employing valid and reli-
able measures of dissociable cognitive functions, not rated using clinical
judgement, and these should be clinically available rather than designed
for research practice only, to aid in application. Individual studies
should focus on stating the exact cognitive functions they have set out to
measure, thoroughly and specifically operationalising violence, and
employing prospective designs to increase the accuracy of results.
Further examination of the magnitude of impairments or poor perfor-
mance on measures observed in violent offenders with historical risk
factors for cognitive impairment relative to violent offenders without
these risk factors may serve as a valuable steppingstone to gaining a

Appendix A. Example of search from PsycInfo
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better understanding of these populations. Finally, the continued use of
systematic reviews and meta-analyses in this, and related areas, will
allow researchers to more closely critically assess studies of poor quality,
thus further addressing the outlined issues, and moving the field
forward.

10. Conclusion

The current review investigated the cognitive impairments which
differentiate violent and non-violent offenders, as well as those associ-
ated with violent outcomes. In comparison to non-violent offenders,
violent offenders had significantly poorer performance on measures of
reasoning and impulsivity, with small effect sizes, and expressive
speech, which boasted the largest effect size. Domains which signifi-
cantly and homogenously correlated with violence were impulsivity,
attention, and insight, all with small effect sizes. However, based on
these findings, it cannot be concluded that valid and reliable measures of
disaggregated cognitive functions will significantly improve the pre-
dictive accuracy of contemporary risk assessments, though it is postu-
lated that they may not have utility in this way based on the
overwhelming proportion of small effect sizes. The findings of this re-
view highlight the need for more high quality, replicable studies using
valid and reliable measures of dissociable cognitive functions before a
conclusive decision can be made on whether the addition of cognitive
functions will add value to violence risk assessments.
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1. cognitive impairment/or brain damage/or cognitive ability/or dysexecutive syndrome/or intellectual development

disorder/or memory disorders/or thought disturbances/

. “cognitive deficit”.mp.

. neurocognition/or cognitive processes/or neuropsychology/

. “neuropsych* deficit*”.mp.

. executive function/or cognitive control/or set shifting/or task switching/

. attention/
. learning/or memory/
9. learning disorders/
10. emotions/or emotion recognition/
11. exp. social cognition/
12. “facial affect recognition”.mp.

2
3
4
5. head injuries/or brain concussion/or brain damage/or traumatic brain injury/
6
7
8
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13. impulsiveness/or cognitive style/or attention deficit disorder/or attention deficit disorder with hyperactivity/or
behavioural disinhibition/or impulse control disorders/

14. impuls*.mp.

15. “theory of mind”/or cognitive development/or comprehension/or mentalization/or mind/or social perception/

16. exp. intention/

17. neurophysiology/or neurosciences/

18. insight/or personality processes/or intuition/or “perceptiveness (personality)”/

19. exp. THINKING/

20. exp. VOLITION/

21. “cognitive inhibition”.mp.

22. exp. EMPATHY/

23. “affective empathy”.mp.

24, “cognitive empathy”.mp.

25. inhibit*.mp.

26.1or2or3or4or50r6or7or8or9orl0orllorl2orl3orl4orl5or16orl7or18or19 or20 or21 or 22 or 23 or
24 or 25

27. violen*.mp. or exp. Aggressive Behavior/

28. homicide/or behavior disorders/or violent crime/or filicide/or mass murder/or serial homicide/or infanticide/

29. exp. HOSTILITY/

30. violence/or antisocial behavior/or conflict/or domestic violence/or intimate partner violence/or patient violence/or
school violence/or violent crime/or coercion/or dangerousness/or physical abuse/

31. rape/or sexual abuse/

32. child abuse/or child neglect/or emotional abuse/or pedophilia/or physical abuse/or sexual abuse/or verbal abuse/

33. (pedophil* or paedophil*).mp. [mp = title, abstract, heading word, table of contents, key concepts, original title, tests
& measures]

34. abuse.mp.

35. “sex violence”.mp.

36. maltreatment.mp.

37. 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 35 or 36

38. criminals/or perpetrators/or female criminals/or male criminals/or mentally ill offenders/or juvenile delinquency/or
prisoners/

39. offend*.mp.

40. (inmate or convict).mp. [mp = title, abstract, heading word, table of contents, key concepts, original title, tests &
measures]

41. exp. Sex Offences/

42. “sex offender”.mp.

43. rapist.mp.

44. 38 or 39 or 40 or 41 or 42 or 43

45. mental disorders/or personality disorders/or exp. psychosis/or exp. schizoaffective disorder/

46. “mental* ill*”.mp.

47. forensic psychiatry/or psychiatry/or forensic psychology/

48. psychiatric hospitals/or psychiatric units/or sanatoriums/

49. “state hospital”.mp.

50. “secure hospital”.mp.

51. exp. SCHIZOPHRENIA/

52. “first episode psychosis”.mp.

53. antisocial personality disorder/or autism spectrum disorders/or psychopathy/

54. exp. Bipolar Disorder/

55. 45 or 46 or 47 or 48 or 49 or 50 or 51 or 52 or 53 or 54

56. exp. Risk Factors/

57. contributor*.mp.

58. predict*.mp.

59. exp. RECIDIVISM/

60. relapse.mp.

61. re-offend*.mp.

62. 56 or 57 or 58 or 59 or 60 or 61

63. 26 or 55

64. 37 and 44 and 62 and 63

Appendix B. Trim-and-fill funnel plots

Trim-and-fill funnel plot for intelligence.
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Trim-and-fill funnel plot for intelligence
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Note. Open circles on the left represent missing studies.

Appendix C. Table of measures used in included studies

Domain Measure Study
Intelligence Wechsler Intelligence Scales Beggs and Grace, 2008; Brimigion, 2014; Busch et al., 1990; Cornell & Wilson, 1992; Dejong,
Virkkunen and Linnoila, 1992; Feichtinger, 2007; Fullam and Dolan, 2008; Gretton, 1998; Hays,
Solway and Schreiner, 1978; Howard, Khalifa and Duggan, 2014; Meijers, Harte, Meynen and
Cuijpers, 2017; Nazmie, Nebi, Zylfije and Bekim, 2013; Tarter, Hegedus, Alterman and Katz-
Garris, 1983; Umbrasas, 2018
Test of Non-Verbal Intelligence Greenfield and Valliant, 2007
Vienna Matrices Test Bock and Hosser, 2014
Raven Standard Progressive Matrices Kuin, Masthoff, Munafo and Penton-Voak, 2017; Rimmer, 1998
Verbal Wechsler Intelligence Scales Brimigion, 2014; Busch et al., 1990; Fullam and Dolan, 2008; Tarter, Hegedus, Alterman and
Comprehension Katz-Garris, 1983; Umbrasas, 2018
Luria Nebraska Neuropsychological Battery Bryant, Scott, Golden and Tori, 1984
Token Test Ullman, 1989
Peabody Picture Vocabulary Kennedy, Burnett and Edmonds, 2011
Memory Luria Nebraska Neuropsychological Battery Bryant, Scott, Golden and Tori, 1984
Memory Scale- Neuropsychological Impairment Score Rimmer, 1998
Wechsler Memory Scales Tarter, Hegedus, Alterman and Katz-Garris, 1983
California Verbal Learning Test (long delay recall) Feichtinger, 2007
Working Memory Luria Nebraska Neuropsychological Battery Bryant, Scott, Golden and Tori, 1984

Wechsler Intelligence Scales

Brimigion, 2014; Busch et al., 1990; Tarter, Hegedus, Alterman and Katz-Garris, 1983

(continued on next page)
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Domain

Measure

Study

Processing Speed

Reasoning

Response

Inhibition

Impulsivity

VIQ

Performance IQ

Attention

Insight

Empathy

Cognitive

Flexibility

Motor Skills

Planning

Expressive Speech

MATRICS Cognitive Consensus Battery
Cambridge Automated Neuropsychological
Test Battery- Spatial Working Memory Task

Wechsler Adult Intelligence Scales
MATRICS Cognitive Consensus Battery
Trail Making Test B/A

Wechsler Intelligence Scales
MATRICS Cognitive Consensus Battery
Colour-Word interference

Stop Probability Tasks
BACS inhibition subtest
Stop Signal Task- CANTAB

BIS-11

Impulsiveness Scale- Short Form
HCR-20

UPPS Impulsivity Scale

Psychopathic Personality Inventory

BIS-11/Balloon Analogue Task/17 Venturesomeness
Scale

Structured Assessment of Violence Risk in Youth

Wechsler Intelligence Scales

Wide Range Achievement Test-3
Wechsler Adult Intelligence Scales

Luria Nebraska Neuropsychological Battery
MATRICS Cognitive Consensus Battery
Neuropsychological Impairment Scale
Positive and Negative Syndrome Scale

Test of Attentional Performance

Trail Making Test- A

Detroit Test of Learning Aptitude
Choice-Reaction Time Task

HCR-20

Positive and Negative Syndrome Scale
Scale to Assess Unawareness in Mental Disorder in
Schizophrenia

Empathy Skills Questionnaire, Empathy Measure-Adult
Version, Child Molester Empathy Measure
Interpersonal Reactivity Index

Structured Assessment of Violence Risk in Youth
Interpersonal Reactivity Index

Trail Making Test B

Wisconsin Card Sorting Test

Test of Attentional Performance

DKEFS trails and sorting

CANTAB

Luria Nebraska Neuropsychological Battery
Bender Visual Motor Gestalt Test

Finger Tapping, Purdue Pegboard, Star Tracing

Stockings of Cambridge

Picture Arrangement

Means End Problem Solving Procedure
DKEFS Tower Test

Porteus Maze

Luria Nebraska Neuropsychological Battery
Learning-Verbal Scale

O'Reilly et al., 2015
Meijers, Harte, Meynen and Cuijpers, 2017

Brimigion, 2014; Busch et al., 1990; Tarter, Hegedus, Alterman and Katz-Garris, 1983
O'Reilly et al., 2015
Kuin, Masthoff, Munafo and Penton-Voak, 2017

Brimigion, 2014; Busch et al., 1990; Fullam and Dolan, 2008; Tarter, Hegedus, Alterman and
Katz-Garris, 1983; Umbrasas, 2018
O'Reilly et al., 2015

Feichtinger, 2007

Fullam and Dolan, 2008
Kennedy, Burnett and Edmonds, 2011
Meijers, Harte, Meynen and Cuijpers, 2017

Duwors, 1998; Edwards, Scott, Yarvis, Paizis and Panizzon, 2003; McDermott, Edens,
Quanbeck, Busse and Scott, 2008; McKee, 2004; Zhou et al., 2014

Chan and Chui, 2012

Abidin et al., 2013; Belfrage, Fransson and Strand, 2000; Coid, Kallis, Doyle, Shaw and Ullrich,
2015; De Vogel and De Ruiter, 2006

Howard, Khalifa and Duggan, 2014

Smith, Edens and McDermott, 2013

Tonnaer, Cima and Arntz, 2016

Lodewijks, Doreleijers, de Ruiter and Borum, 2008

Busch et al., 1990; Cornell & Wilson, 1992; Feichtinger, 2007; Gretton, 1998; Hays, Solway and
Schreiner, 1978; Nazmie, Nebi, Zylfije and Bekim, 2013; Tarter, Hegedus, Alterman and Katz-
Garris, 1983

Umbach, Leonard, Luciana, Ling and Laitner, 2019

Cornell & Wilson, 1992; Feichtinger, 2007; Gretton, 1998; Hays, Solway and Schreiner, 1978;
Tarter, Hegedus, Alterman and Katz-Garris, 1983

Ullman, 1989; Bryant, Scott, Golden and Tori, 1984

O'Reilly et al., 2015

Rimmer, 1998

Abidin et al., 2013

Tonnaer, Cima and Arntz, 2016

Kuin, Masthoff, Munafo and Penton-Voak, 2017; Nazmie, Nebi, Zylfije and Bekim, 2013
Tarter, Hegedus, Alterman and Katz-Garris, 1983

Meijers, Harte, Meynen and Cuijpers, 2017

Belfrage, Fransson and Strand, 2000; De Vogel and De Ruiter, 2006; Abidin et al., 2013; Coid,
Kallis, Doyle, Shaw and Ullrich, 2015

Abidin et al., 2013

Alia-Klein et al., 2007

Moulden, 2009

Nigel et al., 2018
Lodewijks, Doreleijers, de Ruiter and Borum, 2008
Goldstein and Higgins-D'allessandro, 2001

Nazmie, Nebi, Zylfije and Bekim, 2013; Rimmer, 1998

Ullman, 1989

Tonnaer, Cima and Arntz, 2016

Feichtinger, 2007

Fullam and Dolan, 2008; Meijers, Harte, Meynen and Cuijpers, 2017
Bryant, Scott, Golden and Tori, 1984

Busch et al., 1990

Tarter, Hegedus, Alterman and Katz-Garris, 1983

Fullam and Dolan, 2008; Meijers, Harte, Meynen and Cuijpers, 2017
Busch et al., 1990; Tarter, Hegedus, Alterman and Katz-Garris, 1983
Rimmer, 1998

Feichtinger, 2007

Greenfield and Valliant, 2007

Bryant, Scott, Golden and Tori, 1984; Ullman, 1989
Rimmer, 1998
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