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ABSTRACT
We investigated whether forensic psychiatric inpatients can be distinguished from 
prisoners and healthy controls on the basis of their performance on cognitive tasks 
measuring cognitive flexibility (with a reversal learning task) and inhibition (with a 
stop signal task). Forensic psychiatric inpatients were expected to perform worse 
compared to prisoners. This study was based on pre-existing data from N = 241 
males (119 forensic psychiatric inpatients, 57 prisoners and 65 healthy controls). We 
fitted logistic generalized linear models to group membership data using outcome 
measures from a stop signal task and a reversal learning task to examine whether 
deficiencies in inhibition and cognitive flexibility predict membership of the group 
of forensic psychiatric inpatients. Neurocognitive measures of cognitive flexibility, 
but not inhibition, had predictive value for group membership. This suggests that 
the capacity for cognitive flexibility may help differentiate between forensic sub-
populations and healthy controls. Furthermore, our results highlighted substantial 
heterogeneity in cognitive performance in inhibition and cognitive flexibility within 
different offender groups. This study indicates that forensic subpopulations can be 
adequately differentiated based on neurocognitive measures of cognitive flexibility. 
In a broad sense, this study is an example of how neurocognitive approaches can 
contribute to refining diagnosis in forensic psychiatry.
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Introduction

The emphasis in general psychiatry is currently undergoing a shift away from 
a single descriptive view at the syndrome level, and towards an integrative view 
that incorporates biological and cognitive information at the symptom level 
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(Owen, 2014). The premise is that insights into the neurocognitive correlates of 
symptoms help unearth their mechanistic underpinnings and will ultimately 
allow for direct treatment at those latent levels (Brazil et al., 2018; Schwartz 
et al., 2013). The transdiagnostic thinking that underlies this development is 
already present in forensic psychiatry (Martell, 1992; Schultz, 2010), as risk 
factors are embedded in general transdiagnostic concepts. However, the exten-
sion of this thinking to incorporate neurocognitive factors is relatively new 
(Buckholtz & Meyer-Lindenberg, 2012).

The transdiagnostic view offers many advantages for forensic psychiatry 
because individual forensic psychiatric inpatients exhibit many similarities 
at the behavioral level but can differ greatly in their underlying cognitive, 
neurobiological and personality disturbance (Spaans, Molendijk, de Beurs, 
Rinne, & Spinhoven, 2016). One promising transdiagnostic approach stems 
from the application of tools and knowledge from cognitive neuroscience 
in forensic psychiatry, which has led to a shift in research focus towards 
understanding the cognitive and neurobiological mechanisms that underlie 
antisocial behavior (Blair, 2013; Brazil et al., 2018). An increasing number of 
studies suggest that deficiencies in neuropsychological processes play an 
important role in the development and persistence of delinquent, antiso-
cial and violent behavior (e.g., Fishbein et al., 2009; Kogel de, 2008).

Despite these promising results, there is a lack of studies examining 
whether measurements of neuropsychological functioning can help distin-
guish forensic psychiatric inpatients from other delinquent populations. 
Distinguishing forensic psychiatric inpatients from other prisoner popula-
tions is crucial for daily practice, because it can help identify underlying 
neurocognitive problems and devise effective treatment targeted at defi-
ciencies at these underlying levels. Forensic psychiatric inpatients comprise 
individuals who have committed serious offenses and are characterized by 
diminished accountability at the time of the offense. Understanding neu-
ropsychological capacities of offender groups can help design more effec-
tive treatments and reduce recidivism, as well as inform rehabilitation 
programs and risk and release decisions (Shumlich, Reid, Hancock, & 
Hoaken, 2018). In general, a deeper understanding of the antisocial beha-
vior of individuals from any prisoner group is useful as this behavior causes 
substantial harm to society (Gielen & Akkermans, 2018).

It has been proposed that antisocial and criminal behaviors can be induced 
by deficiencies in specific executive functions (EFs) (Portnoy et al., 2013). EF 
encompasses higher-order cognitive functions – such as behavioral adjust-
ment and inhibition, which facilitate goal-directed behavior and promote 
self-control (Hofmann et al., 2012). Comprehensive meta-analyses have 
demonstrated robust associations between antisocial behavior and deficien-
cies in EF, as indicated by performance errors in neuropsychological measures 
of response behavioral adjustment and inhibition (Morgan & Lilienfeld, 2000; 
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Ogilvie et al., 2011). Specifically, deficiencies in response inhibition and 
behavioral regulation appear to be consistently related to crime, delinquency, 
physical aggression and behavioral maladjustment (Morgan & Lilienfeld, 
2000). Correspondingly, it has been suggested that well-developed 
EFs serve as a protective factor against antisocial and criminal behavior 
(Portnoy et al., 2013). In addition to criminality, the most common diagnoses 
among forensic psychiatric inpatients, i.e., schizophrenia and other psychotic 
disorders (Goossens et al., 2019), are associated with executive dysfunctions 
(Barch, 2005).

In this paper, we focus on two specific aspects of EF: Inhibition and 
cognitive flexibility. Inhibition can be defined as the ability to suppress 
inappropriate actions (Van Toor et al., 2010). Whether or not an individual 
engages in antisocial and criminal behavior depends to an important extent 
on their capacity to inhibit behavior, and inhibition deficiencies are consid-
ered important drivers of antisocial behavior in forensic groups (Kerr, 1997). 
Evidence from a study conducted in Dutch prisons suggests that inhibition 
deficiencies differ between violent and non-violent offenders, and are pre-
dictive of treatment outcomes during detention (Meijers et al., 2017). 
Moreover, prisoners with inhibition deficiencies have been shown to make 
less progress in detention programs and are more likely to stop treatment 
prematurely (Fishbein et al., 2009). Yet, there is little research considering 
a possible lack of inhibition as a dysfunctional neuropsychological dimension 
in forensic psychiatric inpatients. There is one prior study comparing forensic 
psychiatric inpatients and prisoners on inhibition (Shumlich et al., 2019). 
Based on two tasks that measured inhibition, this study found that, a higher 
fraction of forensic psychiatric inpatients performed worse than correctional 
offenders without a mental disorder.

Inhibition often helps individuals to flexibly adjust their behavior towards 
their goals in an ever-changing environment, and inhibition deficiencies 
often lead to behavior that is no longer necessary or appropriate 
(Verbruggen & Logan, 2008). Behavioral adjustment to such dynamic envir-
onments can be studied experimentally using ‘reversal learning’ tasks, in 
which participants are prompted to adjust their behavior after an unexpected 
punishment or reward by inhibiting previously learned contingencies (Cools 
et al., 2006; Frank et al., 2004). Many patients in forensic psychiatric settings 
exhibit maladaptive behavior in such tasks and have difficulties with reversal 
learning (I. Brazil et al., 2013; De Brito et al., 2013; Gregory et al., 2015). These 
results are in line with the results of other studies that found difficulties in 
using information about negative outcomes to change behavior across many 
subpopulations of antisocial adults (Brazil et al., 2009; I. Brazil et al., 2013; 
Budhani et al., 2006; M. A. Dargis et al., 2017; De Brito et al., 2013; Dillien, 
Goethals, Sabbe, & Brazil, 2018; Gregory et al., 2015; Newman, Patterson, & 
Kosson, 1987; Von Borries, Bulten, & Verkes, 2015). This kind of perseveration 
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of behavior likely reflects a form of deficient cognitive flexibility, in which an 
individual is unable to inhibit previously rewarded behavior that no longer 
yields positive outcomes.

Different groups of offenders show different types of deficiencies in cog-
nitive flexibility and inhibition, both on the behavioral (I. Brazil et al., 2013; De 
Brito et al., 2013; Budhani et al., 2006) and on the neurobiological levels (e.g., 
Gregory et al., 2015). For example, results from an fMRI study suggest that 
antisocial offenders with and without psychopathy differ in how the brain 
processes information after a change in contingencies has taken place 
(Gregory et al., 2015). However, this research has predominantly focused on 
comparing offenders with and without psychopathy, and it remains unclear 
whether deficiencies in cognitive flexibility and inhibition are characteristic of 
offenders in general or differ between forensic psychiatric inpatients and 
prisoners. Shumlich et al. (2019) suggest that forensic psychiatric inpatients 
have a decreased inhibition compared to offenders without a mental disor-
der. It remains unclear whether the level of deficiency in cognitive flexibility 
and inhibition can differentiate between forensic psychiatric inpatients and 
prisoners due to the presence of psychopathology. By definition, forensic 
psychiatric inpatients engaged in criminal behavior and have a mental dis-
order (at least at the time they committed the crime they were sentenced for). 
Mental disorders are robustly associated with deficiencies in flexibility 
(M. A. Dargis et al., 2017) and inhibition (Nigg, 2016).

The aim of this explorative study is to investigate whether forensic psychia-
tric inpatients can be distinguished from prisoners and healthy controls on the 
basis of their performance on cognitive tasks measuring cognitive flexibility 
and inhibition. Based on the literature, we predicted that both offender groups 
would perform worse than non-offender controls. In addition, we examined 
whether there is a difference between the offender groups with respect to 
cognitive flexibility and inhibition. Because forensic psychiatric inpatients by 
definition have a mental disorder – or at least had a mental disorder at the time 
of committing the crime they were convicted for – and mental disorders are 
associated with executive dysfunction, we expected decreased cognitive flex-
ibility and inhibition in forensic psychiatric inpatients compared to prisoners.

Methods

Participants

The current study was based on pre-existing data from 120 male forensic 
psychiatric inpatients, 60 male prisoners and 66 male healthy non-offender 
controls (Von Borries et al., 2015). Forensic psychiatric inpatients were recruited 
in the Pompekliniek and Oldenkotte, two forensic psychiatric hospitals, or ‘TBS- 
clinics1’, in the Netherlands. Data on the prisoners were collected at Vught 
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Penitentiary Institution, the Netherlands. The sample (N = 241) consisted of 119 
‘TBS’-patients or forensic psychiatric inpatients (Mage = 38.9, SD = 9.2), 57 prison-
ers (Mage = 31.2, SD = 8.5) and 65 healthy controls (Mage = 36.3, SD = 11.8; see 
statistical design for the procedure and the Supplement for details).

TBS is a treatment measure in Dutch criminal law that is generally imposed 
in combination with a prison sentence. Judges can impose TBS on a suspect for 
a crime that is punishable by at least four years of imprisonment. A key 
condition for imposing TBS is that the suspect suffered from a mental disorder 
at the time of the offense. Convicts can start receiving treatment in a TBS 
hospital after serving at least one-third of their sentence. In contrast to a prison 
sentence, which covers a broad spectrum of crimes ranging from severe crimes 
to minor offenses, TBS offenders have generally committed a more serious 
crime. In addition, unlike prisoners, severe psychopathology had been diag-
nosed in all TBS patients. The TBS status can be prolonged until the risk of 
reoffending is deemed to have reduced to acceptable levels due to successful 
treatment and risk management. In Dutch criminal law, the court imposes TBS, 
a prison sentence or a combination of both. This decision is taken by the court 
on the basis of a number of criteria: a serious offense (punishable with at least 
4 years in prison), diminished accountability at the time of the offense due to 
a ‘deficient development or morbid disorder’, such as a personality disorder, 
psychosis or an intellectual disability, and a high probability of recidivism. TBS 
offenders meet at least these three criteria, and prisoners generally do not.

For the recruitment of the forensic psychiatric patients, clinicians were 
asked whether selected patients meeting the inclusion criteria could be 
contacted for the study. If so, these patients were provided with information 
about the study and asked whether they would like to participate. If the 
patient agreed to participate, three meetings of two hours each were planned 
to conduct the experiment. Within the meeting, a break was planned and 
participants could indicate whether they needed additional breaks. Prisoners 
were recruited in a similar manner by contacting staff members beforehand. 
Controls were recruited directly within the forensic clinic among staff mem-
bers and other citizens of Nijmegen and its surroundings. For control, 
a subset of tasks was administered, which took about four hours in total. 
Therefore, data collection in controls was done within one session including 
three short breaks. Controls had no education level higher than Higher 
Vocational Education (in Dutch: HBO) and no criminal history.

Data collection procedures

The test battery was administered in a fixed order, testing sessions never took 
longer than 2 hours . The entire test battery was collected within 2 weeks. 
During the sessions, the researcher remained in the room with the subject to 
answer any questions, but without having a direct view of the answers to be 
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given by the subject. The tasks were performed on an HP Compaq 6735s 
Notebook PC with a 15.4-inch display. Responses were recorded using either 
a keyboard, joystick or mouse. Participants received a financial compensation 
for participation. Anonymization was achieved by giving each subject 
a numerical code. All information and test data were stored under this code 
on an external, password-protected hard drive. Only the principal investigator 
has access to a file in which the subject number is linked to their name. There 
were some missing data because some offenders quit the task in the middle 
of a session.

The study was conducted in accordance with the principles of the 
Declaration of Helsinki (Medical Association (WMA) & World Medical 
Association (WMA), 2009) and in accordance with the Medical Research 
Involving Human participants

Act (WMO). The written information about the study was handed out to 
prospective participants prior to the start. Prospective participants had 
a week to consider whether or not to take part, and to give informed consent. 
The pre-existing study (‘Automatic Neurocognitive Assessment in forensic 
contexts’; CMO case number: 2008/248, ABR number: NL24614.091.08) was 
approved by the Research Ethics Committee, CMO region Arnhem-Nijmegen, 
The Netherlands, and is part of a large study regarding the underlying 
neurocognitive mechanisms of criminal behavior (Von Borries et al., 2015).

Instruments

We used tasks from the Forensic Mental Information Processing and 
Neuropsychological Diagnostic System (ForMINDS; Von Borries et al., 2015) to 
measure participants’ capacities for cognitive flexibility and inhibition. 
ForMINDS was developed by the Pompestichting in collaboration with the 
Utrecht University and Radboud University, and consisted of both question-
naires and computerized cognitive tasks that participants completed on their 
own. In this study, we used the reversal learning task to measure participants’ 
capacity for cognitive flexibility (Cools et al., 2006), and the stop signal task to 
measure capacity for inhibition (Logan & Cowan, 1984; Verbruggen et al., 2008).

Reversal learning task

The reversal learning task can be used to determine the extent to which an 
individual is able to learn about, and adjust to, changes in stimulus-outcome 
contingencies. This task measures whether a person can adjust their behavior 
after an unexpected punishment or after an unexpected reward. Because of 
the use of stimulus-outcome learning (instead of stimulus-response learning) 
in combination with the reversal aspect of this task (for example, stimulus A is 
first followed by expected punishment and later by unexpected reward, while 
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for stimulus B the opposite applies), cognitive flexibility can be measured 
after both an unexpected punishment and an unexpected reward have 
occurred (Cools et al., 2006).

The task included a series of stimuli followed by unexpected rewards or 
unexpected punishments (counterbalanced across participants), each con-
taining a practice block, and two experimental blocks. The practice block was 
followed by a reversal stage after the participant had reached the initial 
learning criterion of 10 correct trials. The task was terminated if this criterion 
was not met within 80 trials. There were 2 blocks, with 120 trials per block, so 
that each subject performed 4 blocks and 480 trials. A schematic of sample 
trail-sequences for each condition is shown in Figure S1.

Participants had to imagine they were the manager of a casino watching 
along with a card game via a camera in their office. This card game consisted 
of only two cards: the joker and the ace of spades. The participant required to 
predict whether, based on previous results, the imaginary player would win 
or lose drawing a card. The winning card changed from time to time (the 
‘reversal’ event) and this change depended on the predictions of the partici-
pant: after achieving the learning criterion of 5–9 consecutive correct 
responses, a reversal of the contingencies followed and the card previously 
yielding a reward started to lead to punishment (and vice versa; Von Borries 
et al., 2015). Participants gave their responses with the left- and right-cursor 
keys. Participants had to select the left button if he predicted that the 
imaginary player would lose and select the right button when he predicted 
that the player would win. Participants had no influence over the outcome; 
the feedback given after the participants had predicted whether a win or 
a loss would follow did not relate to the correctness of the prediction but 
merely indicated whether the card was winning or losing.

In this study, we characterize a participant’s capacity for cognitive flex-
ibility with two performance measures: (a) as the proportion/mean number of 
switch errors per stage (= the number of switch errors divided by the number 
of stages) and (b) the number of stages (number of 5–9 consecutive correct 
trials) reached in the experimental blocks (the more stages the learning 
criterion was met for, the more adaptive the participant’s behavior Cools 
et al., 2006).

Stop signal task

Response inhibition was measured with the stop signal task (Logan & Cowan, 
1984; Verbruggen et al., 2008). Participants were instructed to press the left- 
cursor key when the arrow on their computer screen pointed left and press 
the right-cursor key when the arrow pointed right as quickly as possible, but 
inhibit their response when they see a STOP-signal and heard a sound (of 
a bell) just after the appearance of the arrow on the screen (Figure S2).
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The task consisted of 120 GO trials during which participants had to press 
a key with the left- or right-index finger, and of 120 Stop trials in which 
participants had to withhold from responding. In Stop trials, a visual and 
acoustic STOP-signal was presented shortly after the Go-stimulus, and parti-
cipants had to suppress their tendency to respond (Figure S2; Logan & 
Cowan, 1984). The Go-stimuli were presented sequentially in the center of 
the screen for 750 ms against a gray background.

Outcome measures for GO and STOP trials per block were the average 
reaction times and the corresponding standard deviations, the percentage of 
choice errors and omissions in GO trials, and the percentage of correct 
inhibitions in STOP trials (Von Borries et al., 2015).

Since there is no observable endpoint for the response inhibition to be 
completed, a model for estimating the finishing point of the stop process was 
used to characterize our two performance measures for a participant’s capa-
city for inhibition: (i) reaction times (in ms) to the stop signal averaged across 
all trials and (ii) the number of inhibition errors (Logan et al., 1984).

Statistical design

We sought to find out whether cognitive flexibility and inhibition measures 
predicted group membership (‘prisoners’ vs. ‘TBS’ vs. ‘healthy controls’). The 
predictive value means that the measure is significantly related to group 
membership, in other words that groups differ significantly on that measure. 
To this end, we fitted logistic generalized linear models (GLMs) with pairwise 
group comparisons to group membership data (0 = prisoners; 1 = TBS; 
2 = healthy controls) using outcome measures from the stop signal task 
(mean reaction time and number of errors) and the reversal learning task 
(number of switch errors and number of stages). Our a priori predictions for 
the performance on each of the measures were directional (TBS < prisoners < 
healthy controls). We therefore used one-tailed tests to examine group 
differences. Note that in the results section, reported confidence intervals of 
odds ratios are two-sided, while p-values are based on one-sided tests. This 
means that when effects are small, the 95% CI of odds ratios may include 1, 
while the p-value is lower than 0.05. We also included the demographic 
variables ‘age’, ‘IQ’ and ‘education level’ as predictors, each of which is 
known to influence neurocognitive functioning and may therefore partly 
explain group differences (Stern, 2006). IQ was measured with the Dutch 
Adult Reading Test (Schmand et al., 1991). We used the Dutch Verhage scale 
to classify the level of education (Verhage, 1964).

We performed the following outlier removal procedure: outliers were 
excluded when scores had a deviation of more than 2 standard deviations 
(Van Selst & Jolicoeur, 1994). This procedure led to the exclusion of 4 parti-
cipants (1 forensic psychiatric inpatient and 3 prisoners). We then ran logistic 
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generalized linear models (GLMs) fitted to group membership (TBS, prisoner 
or healthy controls) for each of the predictors separately (see Tables S3-S6 in 
Supplementary Information). Tables S3-S6 present statistical analyses based 
on logistic regressions with ‘group membership’ as dependent variable. For 
ease of exposition, each model contrasts two groups. We did not fit a model 
using all predictors simultaneously due to missingness of data (see Table S1), 
and the multicollinearity between the outcome measures on the reversal 
learning task (number of stages and mean number/proportion of switch 
errors per stage; see Table S2).

Results

Here, we summarize the distributions of the neurocognitive measures of 
participants’ capacities for cognitive flexibility (from the reversal learning 
task) and inhibition (from the stop signal task). For both offender groups 
and healthy controls, we evaluate the predictive value of each of these 
measures using logistic GLMs with pairwise group comparisons fitted to 
group membership (‘TBS’ vs. ‘prisoners’ vs. ‘healthy controls’).

Figure 1 shows the distribution of the four outcome variables of our study 
broken down by comparison group. In the reversal learning task on the number 
of stages, relative to healthy controls, we observe worse performance among the 
offender groups, especially in the group of forensic psychiatric inpatients 
(Figure 1A). In line with our hypothesis, healthy controls (M = 26.86, s = 13.01) 
achieved more stages than prisoners (M = 22.41, s = 12.38), and prisoners reached 
more stages than forensic psychiatric inpatients (M = 17.64, s = 15.11). GLMs fitted 
to pairs of groups confirmed that healthy controls completed significantly more 
stadia than forensic psychiatric inpatients (β = −0.045, p = 0.001, OR = 0.961 (95% 
CI:.932, .992)) and prisoners (β = −0.028, p = 0.047, OR = 0.963 (95% CI:.939, .999); 
see Table S3 for details). However, the predictive value of the number of com-
pleted stages disappeared after controlling for demographics (see Table S3). Also, 
the GLM indicated a significant difference between the offender groups on the 
number of completed stages (GLM: β = −0.024, p = 0.028, OR = 1.006 (95% CI:.979, 
1.034); see Table S3). Importantly, after controlling for demographics, the model 
indicates that forensic psychiatric inpatients completed significantly fewer stages 
than prisoners did (GLM: β = −0.047, p = 0.005, OR = 1.048 (95% CI:1.012, 1.085)).

In the reversal learning task, forensic psychiatric inpatients made, on aver-
age, more switch errors per stage (M = 0.56, s = 0.93) in comparison to prisoners 
(M = 0.43, s = 0.82) and controls (M = 0.25, s = 0.35; Figure 1B). GLMs revealed 
significant differences between forensic psychiatric inpatients and controls 
(GLM: β = 0.789, p = 0.037, OR = 2.201 (95% CI:.931, 5.207)), but there was no 
significant difference when controlling for demographics (see Table S4). The 
GLM indicated no significant differences between the offender groups on the 
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proportion/mean number of switch errors per stage (see Table S4). However, 
after controlling for demographics there was a significant difference between 
the offender groups (GLM: β = 1.481, p = 0.038, OR = 0.227 (95% CI:.044, 1.163)).

Taken together, these results indicate that cognitive flexibility, as mea-
sured by the number of completed stages and the proportion/mean number 
of switch errors per stage in the reversal learning task, has predictive value in 
distinguishing the offender populations from controls and between forensic 
subpopulations. For both forensic psychiatric inpatients and prisoners and 
healthy controls, we observed a wide distribution of completed stages and 
switching errors in the reversal learning task, suggesting strong within-group 
heterogeneity in the ability to adjust to changing circumstances.

The stop signal task did not reveal significant neurocognitive predictors for 
membership of the offender group or healthy controls. Mean response times 
in this task did not predict group membership (Figure 1C, Table S1 and S5). 
The number of errors did not significantly predict group membership either 
(see, Figure 1D; Table S1; Table S6).

These results indicate that inhibition, as measured by response time and 
number of errors in the stop signal task, had no predictive value for distin-
guishing between forensic psychiatric inpatients, prisoners and healthy con-
trols. Again, all groups showed a wide distribution of outcome variables, 
suggesting strong within-group heterogeneity in their ability to adjust to 
changing circumstances.

ksaTlangiS-potSksaTgninraeLlasreveR

A. Stages completed C. Mean response time (ms)B. Proportion switch errors D. Number of errors 

Figure 1. Distributions of neurocognitive measurements of capacities for cognitive 
flexibility and inhibition across forensic psychiatric inpatients (FPI), prisoners and 
healthy controls. Plots (A-D) show distributions of individual measures broken down 
by group (FPI= blue, prisoners = yellow, healthy controls = purple). Dots represent 
individual participants; boxplots show interquartile ranges with medians in thick lines. 
Squares and whiskers show means ± 1 SEM. See Table S1 for descriptive statistics.
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Analysis of demographic variables indicated that the forensic psychiatric 
inpatients were slightly older than the prisoners, but the offender groups 
were similar on other potentially relevant demographic variables (IQ and 
education level; see Table S1).

Discussion

In the present study, we evaluated the predictive power of cognitive flex-
ibility and inhibition for distinguishing forensic psychiatric inpatients from 
prisoners and healthy controls. Our results indicated more reversal learning 
problems in offenders compared to non-offenders. Also, our findings 
revealed that our neurocognitive measures of cognitive flexibility (in 
a reversal learning task), but not inhibition (in a stop signal task), had 
predictive value for group membership. Therefore, our results provide sup-
port for our directional hypothesis (FPI < prisoners < healthy controls) regard-
ing cognitive flexibility but do not support our hypotheses regarding 
inhibition.

The predictive power of our outcome measures in the reversal learning 
task (see, Figure 1 and Tables S3-S4) supports our hypothesis of decreased 
cognitive flexibility in forensic psychiatric inpatients compared to prisoners. 
Therefore, our findings suggest that deficiencies in cognitive flexibility sig-
nificantly predict group membership and that reversal learning tasks may also 
help differentiate between forensic subpopulations. This is in line with the 
study by M. A. Dargis et al. (2017), which indicated that mental disorders are 
robustly associated with deficiencies in cognitive flexibility. We acknowledge 
that the predictive power of our neurocognitive measures is relatively weak 
(see Tables S3-S6); age, education and IQ seem to have higher predictive 
power in most cases, which was not unexpected (Selby, Airy-Eggertsen, & 
Laver, 1997). In the reversal learning task, healthy controls progressed 
through significantly more stages than forensic psychiatric inpatients. Our 
results suggest that forensic psychiatric inpatients and prisoners show more 
reversal learning problems in comparison to healthy controls. Also, forensic 
psychiatric inpatients and prisoners had a smaller number of completed 
stages and a higher proportion of switch errors per stage compared to 
healthy controls. However, there was no significant effect after controlling 
for demographics on both measures. Taken together, these results suggest 
that neurocognitive measures of cognitive flexibility may not help distinguish 
offenders from non-offenders (see Tables S3-4).

The present findings indicate that the inhibition measures obtained with 
the stop signal task may not be adequate for differentiating among offender 
populations. We predicted diminished inhibition in offender groups com-
pared to healthy controls and in forensic psychiatric inpatients compared to 
prisoners, because of the association between mental disorders and 
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executive dysfunction. Our hypotheses were not supported; the outcome 
measures indexing inhibition did not appear to be significant neurocognitive 
predictors for membership in the offender group or healthy controls.

Our results showed a substantial amount of heterogeneity within each 
group: some forensic psychiatric inpatients had well-developed inhibition 
capacities, while some prisoners had major inhibition deficiencies. Such find-
ings suggest that the group means of the outcome variables are not repre-
sentative of individuals within the groups because there is a wide 
distribution. The broad distribution causes an interesting pattern in the 
data; group differences are caused by demographics or arise mainly due to 
different proportions of participants who perform extremely poorly. This may 
explain why our findings do not converge with those of a recent study 
reporting that forensic psychiatric inpatients displayed poor behavioral inhi-
bition compared to correctional offenders (without a mental disorder; 
Shumlich et al., 2019). This difference may stem from the fact that Shumlich 
et al. (2019) compared group frequencies of individuals with versus without 
EF impairments (relying on cut-off levels rather than exploiting all measured 
variations in performance). Our results for the stop signal task suggest that 
offender groups do not differ from each other on the measures of inhibition, 
but also highlight a large amount of individual variability with regard to 
inhibition (see, Figure 1 and S1 and Tables S5-6). The heterogeneity in our 
results highlights the importance of developing tailored treatment interven-
tions for each individual case. In addition, it is possible that real differences 
between the offender groups are partly masked by differences in the envir-
onments in which they were detained. TBS patients are exposed to 
a relatively less deprived environment compared to regular prison, and the 
treatment offered in forensic psychiatric clinics may have a positive influence 
on inhibitory control. This might partly explain why no differences in inhibi-
tion were found between the offender groups. It is possible that this positive 
effect may be smaller for regular prisoners, as Meijers et al. (2018) found that 
three months of imprisonment in an impoverished environment can lead to 
reduced self-control.

One limitation of the present study is that we only tested differences 
between groups on a small set of neurocognitive measures. It is advisable 
to use a broader test battery to measure cognitive flexibility and inhibition in 
the future. In the larger ForMINDS study, it was not assessed whether perfor-
mance on the neuropsychological tests employed reflects offenders’ true 
level of neurocognitive functioning, or if performance was impacted by the 
patients’ directed efforts to over-engage in the tasks. So, we have to acknowl-
edge the potential impact of performance validity on the accuracy of the test 
scores. Also, there is growing evidence suggesting that reaction times and 
accuracy measures obtained using a stop signal task can only scratch the 
surface when it comes to estimating inhibition capacity (Bissett & Logan, 
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2011). Thus, for a more complete picture of inhibitory capacities, our outcome 
measures should ideally be complemented by alternative and informative 
data processing (Bisset & Logan, 2012a, 2012b).

Moreover, motivational processes may also contribute to antisocial 
behavior in addition to cognitive flexibility and inhibition. This aspect 
was not included in the used tasks but might be of value for distinguish-
ing forensic psychiatric patients from prisoners. A questionnaire that 
measures motivational drives is the Behavioral Inhibition System/ 
Behavioral Activation System (BIS/BAS) Scale. The BIS/BAS scale is a 20- 
item self-report questionnaire that contains four scales that measure 
behavioral activation or inhibition (Carver & White, 1994). The BIS scale 
assesses sensitivity to punishment and the BAS scales reflect three inter-
related types of behavioral activation (drive, fun seeking and reward 
responsiveness). Hoppenbrouwers et al. (2015) found a positive link 
between antisocial behavior and the Behavioral Activation System (BAS) 
in offenders: Impulsive and stimulation-seeking motivational behavior 
was linked with BAS activation. Indeed, excessive BAS activation has 
frequently been linked to impulsivity (i.e., Wallace et al., 2009) and 
aggression (Wingrove & Bond, 1998). Moreover, a recent study 
(Molleman et al., 2021) showed that the BIS/BAS self-report questionnaire 
seemed to dissociate between forensic psychiatric inpatients and prison-
ers. One next step would be to examine if the BIS/BAS also captured part 
of the group differences in the likelihood of recidivism or treatment 
responsivity (Molleman et al., 2021).

Another issue is that we had no access to potentially important informa-
tion from the prisoner group, like the prevalence of psychopathology and the 
type and severity of the offenses. As these factors are known to be negatively 
associated with capacities for cognitive flexibility and inhibition, including 
them could have helped explain why we did not find differences between the 
groups on all our outcome measures and why the groups varied so much 
internally on our main outcome measures. It is possible that the large amount 
of heterogeneity is related to diagnostic status and/or charge-specific factors. 
It is likely that neurocognitive function differs by diagnosis. For future 
research, it would be interesting to understand whether the within-group 
heterogeneity among forensic psychiatric inpatients might be associated 
with different personality disorders and/or other psychiatric diagnoses, as 
well as prescribed psychotropic medication. Identifying such associations 
might be valuable in understanding and treating forensic psychiatric inpati-
ents in jurisdictions outside of the Netherlands.

Yet another limitation is that we do not know whether the participants 
used psychotropic medication during measurements of the inhibition tasks 
used. This can make the group differences appear smaller on these tasks, and 
it is plausible that the reported findings are largely explained by this 
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confounding factor. Psychotropic medication can make forensic psychiatric 
inpatients less impulsive. There are also different types of psychotropic 
medication that have different effects on neurocognitive functioning. 
Future studies should investigate the effects of different types of psychotro-
pic medication on neurocognitive functioning in forensic psychiatric 
inpatients.

Another limitation in our study, is the lack of a fourth group consisting of 
non-forensic psychiatric patients. Future research should compare the foren-
sic psychiatric population with a civil psychiatric population in order to 
identify unique executive dysfunction in individuals with mental disorders 
who commit crime. Indeed, absent a psychiatric comparison group, our data 
do not rule out the possibility that any observed neuropsychological differ-
ences resulted from the specific underlying psychiatric limitations and not the 
forensic characteristics of these (psychiatric) participants. For future research, 
it is important to include a non-offender psychiatric comparison group to 
establish whether there are differences in neurocognitive performance when 
compared with the two offender groups. The results of such a study might 
help identify risk factors for mentally ill people at risk of committing severe 
crimes.

Despite having matched the groups on age and sex, we acknowledge that 
sampling bias could partly explain the group differences found. For example, 
we had some missing data due to participants quitting the task in the middle 
of a session. This could be related to a sampling bias because these missing 
data were from the offender groups. As a result, the offenders’ inhibition 
capacity and cognitive flexibility may have been overestimated, because the 
most inhibited offenders may not have been included in the sample. It should 
also be kept in mind that some of our null-findings could be related to the 
size of the included samples, as some effects may require even larger sample 
sizes to be detected reliably.

Nevertheless, our results suggest that inhibition and behavior regulation 
deficiencies are present to various degrees in both the forensic psychiatric 
patients and prisoners. It is important to investigate whether neurocognitive 
functions predict real-world outcome measures, such as recidivism or violent 
incidents, in follow-up studies.

In sum, neurocognitive measures of participants’ cognitive flexibility had 
significant predictive power for distinguishing forensic psychiatric inpatients 
from prisoners and differentiate offenders from non-offenders. Moreover, our 
study highlighted that there is a large amount of heterogeneity in cognitive 
performance when it comes to cognitive flexibility and inhibition within differ-
ent offender groups. The presence of such a large amount of heterogeneity 
suggests that it may be important to consider variations in neurocognitive 
characteristics in order to develop tailored interventions for each individual 
(Baskin-Sommers & Brazil, 2022; Baskin-Sommers et al., 2015; Brazil et al., 2018).
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Note

1 TBS or ‘terbeschikkingstelling’ means ‘disposal to be treated on behalf of the 
state’. In the Netherlands, one can be admitted to a TBS-clinic through an 
entrustment act when a person commits a serious offense that is likely to be 
the result of his mental disorder. Therefore, the offender is not liable (or has 
diminished responsibility) for this crime.
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