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Abstract 

Background: Studies on the association between cognitive dysfunction and criminality have shown 

that individuals in prison, particularly repeat offenders and those convicted of violent crimes, tend 

to exhibit difficulties in cognitive, social, and emotional functioning. The objective of this study was 

to evaluate and characterize the executive functioning of incarcerated individuals based on the 

severity of criminal behavior through the type of crime committed, number of previous arrests, and 

duration of the sentence imposed, while also seeking to understand the impact of incarceration on 

cognitive functioning. Methods: The sample consisted of 50 participants at various stages of their 

sentences, who had been convicted of violent and non-violent crimes. Neuropsychological 

assessments were conducted using cognitive screening tests and tests directed to assess executive 

functions and decision making. Results: Significant effects were found mainly for sentence duration, 

which corresponded to the severity of the crime, suggesting a differentiation of subgroups based on 

cognitive abilities or impairments. Conclusions: These findings may support a relationship between 

criminal behavior and poorer cognitive ability, executive functioning and decision making. However, 

these effects were not consistent across cognitive domains nor when comparisons were done 

according to the type of crime (violent vs. non-violent) which highlight the need for further research 

under this topic. 

Keywords: executive functions; criminal behavior; incarceration; crime; neuropsychological 

assessment 

 

1. Introduction 

In 2022, Portugal had a total of 12.383 convicted individuals, out of which 9.913 were serving 

prison sentences. Crimes against people accounted for the highest number of convictions resulting in 

imprisonment, with 3.063 people, followed by crimes against property with 2.394 people (DGRSP, 

2022). According to data from the Organization for Economic Cooperation and Development (OECD, 

2020), as of May 2020, Portugal ranked 15th in terms of imprisonment rates. The country had 124 

imprisoned individuals per 100.000 inhabitants. 

Crime represents not only a threat to security but also imposes a substantial financial burden on 

society across various dimensions, including social, economic, legal, and political aspects (Cruz et al., 

2020). Specifically, it incurs significant costs for funding prisons, law enforcement, and security 

systems (Burgess, 2020). Globally, the prison population has surpassed 10 million, with an 

approximate 20% increase since the year 2000. This rise could be attributed to criminal recidivism 
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(Balafoutas et al., 2020), which ranges from 35% to 67% in several countries (Meijers et al., 2015). 

Although defining what constitutes criminal recidivism poses certain difficulties, it can generally be 

understood as a relapse into criminal behavior that may result in a new conviction and/or 

imprisonment. Contrary to the recorded global crime rates, it seems that the rate of criminal 

recidivism has not decreased in recent years (Fazel & Wolf, 2015). 

The concept of crime can be defined as "the intentional practice of an act considered socially 

harmful or dangerous and specifically defined, prohibited, and punishable under criminal law" (Edge 

et al., 2020, p. 1). Criminal behavior is a complex phenomenon, both in a social and clinical context 

and presents a constant challenge in society. It requires an integrative and multidisciplinary approach 

based on the heterogeneity of criminal acts and individual' behavior (Broomhall, 2005; Cruz et al., 

2020; Reddy et al., 2018; Sullivan, 2019). Factors such as emotional stress, low socioeconomic status, 

educational and cultural background, peer groups, living in socially disadvantaged contexts, 

substance use, physical and sexual abuse, prenatal complications, parental dynamics, genetic 

predisposition, and brain damage can serve as predictors of aggressive and violent behavior (Braga 

et al., 2017; Broomhall, 2005; Brower, 2001; Cruz et al., 2020; Derzon, 2010; Stanley & Goddard, 2004).  

Antisocial behavior is analyzed based on clinical and legal concepts. The clinical perspective 

involves the use of diagnostic criteria defined in the DSM-5 (APA, 2014), which categorizes the 

behavior under personality disorders. The overall manifestation of this disorder includes contempt 

and violation of others' rights, irresponsible behavior, lack of respect for others, inappropriate 

behavior that is difficult to control, and an inability to conform and adapt to social norms. Typically, 

it begins in childhood and persists into adulthood (APA, 2014; Morgan & Lilienfeld, 2000; Ogilvie et 

al., 2011). On the other hand, the legal perspective examines criminality and delinquency as unlawful 

actions that may result in imprisonment (Morgan & Lilienfeld, 2000; Ogilvie et al., 2011). 

Executive functions which comprise a set of higher-order cognitive functioning seem to play a 

major role in engaging in antisocial, aggressive, and/or violent behavior (Altikriti, 2020; Morgan & 

Lilienfeld, 2000; Ogilvie et al., 2011). Executive dysfunction, commonly associated with damage to 

the frontal lobes, is characterized by maladaptive and inappropriate behavior, along with personality 

changes (Morgan & Lilienfeld, 2000; Ogilvie et al., 2011). It is also associated with committing 

aggressive acts (Altikriti, 2020; Morgan & Lilienfeld, 2000; Ogilvie et al., 2011; Seruca & Silva, 2016; 

Shumlich et al., 2019).  

Executive functioning has been associated with the frontal lobes, specifically the pre-frontal and 

subcortical areas. These regions are involved in regulating behavior through processes such as 

planning, self-monitoring, problem-solving, response inhibition, strategy development and 

implementation, and working memory (Ardila, 2013; Márquez et al., 2013). These cognitive processes 

contribute to the resolution of complex problems and are influenced by both external and internal 

factors (Tirapu-Ustárroz et al., 2012; Verdejo & Bechara, 2010). Based on the multidimensional 

construct model, a theory was developed that divides executive functions into hot and cold processes, 

based on the premise that these functions vary depending on the motivational meaning of a situation 

(Zelazo & Carlson, 2012). Although executive functions operate together in a coordinated system, 

they can be distinguished between purely cognitive processes (i.e., cold), which are associated with 

non-affective and abstract situations, and more intuitive processes linked to situations with emotional 

and affective meaning (i.e., hot) (Zelazo & Carlson, 2012). From a neuroanatomical point of view, cold 

processes are associated with the lateral pre-frontal cortex, while hot processes are associated with 

the orbitofrontal cortex (Zelazo & Carlson, 2012). Cold executive functions tend to involve inhibitory 

control, working memory, cognitive flexibility, planning, and attentional processes (De Brito et al., 

2013). Hot executive functions, on the other hand, include delayed gratification and affective 

decision-making (De Brito et al., 2013; Kuin et al., 2019; Tsermentseli & Poland, 2016). Additionally, 

the literature shows that individuals with lesions in the orbitofrontal cortex generally exhibit deficits 

in measures that assess hot executive functions (e.g., Iowa Gambling Task), but their performance is 

not compromised in measures that assess cold executive functions (e.g., Wisconsin Card Sorting Test) 

(Zelazo & Carlson, 2012). 
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Taking this approach to executive functions into account, the important role they play in 

understanding violent and aggressive behavior becomes evident, as they are responsible for directing 

behavior, assisting in decision-making, and inhibiting inappropriate responses or actions (Ogilvie et 

al., 2011). The relationship between executive functions and crime is well established, as deficits in 

brain functioning, particularly in the frontal and pre-frontal regions, are associated with violent and 

criminal behavior (e.g., Kuin et al., 2019; Reddy et al., 2018). These deficits contribute to difficulties in 

regulating and controlling behavior (Miyake et al., 2000; Reddy et al., 2018). 

Generally, individuals with violent and aggressive behavior are characterized by immaturity 

and impulsivity. They tend to have deficits in social and cognitive skills, such as problem-solving 

ability, effectively interpreting social cues, flexibility in adapting to norms, empathetic behavior 

towards others, poor judgment in situations, difficulties in planning and decision-making, and 

difficulties in inhibiting inappropriate responses (Bergeron & Valliant, 2001; Chandler, 1973; Slaby & 

Guerra, 1988). When evaluated, they tend to score lower on tests of executive processes, particularly 

those assessing inhibitory control (Cruz et al., 2020; Hancock et al., 2010; Meijers et al., 2017; Wallinius 

et al., 2019). 

An important factor in individuals with violent and aggressive behavior is their ability or 

inability to make decisions, often guided by impulsivity and, consequently, leading to less 

appropriate or disadvantageous choices (Kuin et al., 2019; Yechiam et al., 2008). There is evidence 

that the tendency to take greater risks in decision-making is positively related to aggressive and 

impulsive behaviors, particularly in emotionally activating situations (Kuin et al., 2019; Yechiam et 

al., 2008). This phenomenon can be explained by the somatic marker hypothesis (Bechara, 2005), 

which proposes that decision-making can be based on long-term outcomes using cognitive and 

emotional processes. According to the author, the ability to make decisions depends on neuronal 

substrates that regulate homeostasis, emotions, and feelings. The ventromedial pre-frontal cortex and 

the amygdala are involved in this process, triggering somatic states (i.e., a collection of stored 

affective and emotional responses that influence actions and decisions). The amygdala responds to 

environmental events, while the ventromedial pre-frontal cortex does so through memories, 

knowledge, and cognition. The final result, whether positive or negative, depends on the decision 

based on the immediate and future perspectives of an option, which can trigger various affective 

responses (Bechara, 2005). 

Furthermore, the literature shows a relationship between executive dysfunctions and 

manifestations of criminal behavior, such as recidivism. Although it remains unclear whether 

executive deficits are more severe in repeat offenders (e.g., Seruca & Silva, 2015), Ross and Hoaken 

(2011), for example, demonstrated that recidivist individuals show lower performance in executive 

measures compared to first time inmates. Meijers et al. (2015) stated that executive dysfunction, along 

with difficulty in self-regulation, can lead to an increased rate of recidivism. Therefore, the question 

arises as to whether executive dysfunctions are the direct cause of repeated criminal behavior over 

time or whether the prison environment also contributes to an exacerbation of these deficits and, 

consequently, a greater risk of recidivism (Meijers et al., 2018). 

Based on the relationship between executive functions and crime, this study aims to evaluate 

and characterize the executive functioning of a group of inmates sentenced for different types of 

crime. Specifically, it seeks to understand the potential influence of factors such as the criminal 

background, the type of crime, and the duration of sentence imposed as indices of the severity of 

criminal behavior on neurocognitive functioning, but also to explore whether there are differences 

among participants in decision making through measures assessing hot executive functions 

(performance on the Iowa Gambling Task) and cold executive functions (performance on the 

Wisconsin Card Sorting Test and Wechsler Adult Intelligence Scale). Additionally, it also seeks to 

understand the impact of incarceration on neurocognitive functioning by examining the effect of the 

length of imprisonment. Therefore, we have hypothesized that a longer duration of sentences (H1) 

and length of imprisonment (H2) would be associated with poorer executive functioning.  
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From a scientific standpoint, this study is expected to contribute to a better understanding of the 

neurocognitive profile of incarcerated individuals and whether impairments in executive functions 

are associated with the severity and continuity of criminal behavior. 

2. Materials and Methods 

2.1. Participants 

The sample consisted of 30 male individuals in prison. Only individuals without a formal 

diagnosis of psychopathology and with at least a completed first cycle of basic education were 

included (i.e., four years of formal education). The participants had an average age of 29.13 years (SD 

= 6.19) and the majority (46.7%) had incomplete education at the second cycle level (i.e., six years of 

formal education). They were serving effective prison sentences in a prison located in the Lisbon 

metropolitan area. Out of the total participants, 22 were serving their first effective prison sentence, 

while the remaining eight were repeat offenders. In terms of the types of crime, five participants were 

incarcerated for non-violent crimes (e.g., theft; drug traffic), while the remaining 25 were incarcerated 

for violent crimes (e.g., murder; robbery). Furthermore, out of these participants, 17 were primary 

offenders involved in violent crimes, and five were involved in non-violent crimes. Only eight 

participants were both repeat offenders and involved in violent crimes. Regarding the participants' 

criminal history, recidivism was determined through self-reporting, considering whether they had 

previously complied with another measure, whether it involved deprivation of liberty or not. Twenty 

participants (66.7%) reported having used psychoactive substances. The duration of the sentences 

ranged from 42 to 366 months, with an average of 173.40 months (SD = 83.11). The participants had 

been incarcerated on average for 92.53 months (SD = 50.92), with a minimum of 11 months and a 

maximum of 180 months. The interval data for Duration of Sentence Imposed and Length of 

Imprisonment were converted to binary variables based on the median value in months (Duration of 

Sentence Imposed, Mdn = 180 months; Length of Imprisonment, Mdn = 94.50 months). Detailed 

information on the sociodemographic characteristics of the sample is provided in Table 1. 

Table 1. Sociodemographic characteristics of the sample. 

Sociodemographic variables n % 

Education   

First cycle 2 6.7 

Second cycle 7 23.3 

Incomplete second cycle 14 46.7 

High school 4 13.3 

Incomplete High school 3 10 

Marital Status    

Single 28 93.3 

Married 1 3.3 

Free union 1 3.3 

Profession   

Restoration 6 20 

Construction 7 23.3 

Professional futsal 2 6.7 

Student 4 13.3 

Other categories 5 16.7 

No job identification 6 20 

Reason for imprisonment   
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Murder 9 30 

Attempted murder 2 6.7 

Theft 2 6.7 

Robbery 4 13.3 

Drug dealing 2 6.7 

Kidnapping 1 3.3 

More than a type of crime 10 33.3 

Type of crime recoded   

Violent 25 83.4 

Non-Violent 5 16.7 

Criminal background   

Repeat 8 26.7 

First offender 22 73.3 

Substance use   

Yes  20 66.7 

No  10 33.3 

Duration of Sentence Imposed   

Below Mdn (<= 180 months) 18 60 

Above Mdn (> 180 months) 12 40 

Length of Imprisonment   

Below Mdn (<= 94.5 months) 15 50 

Above Mdn (> 94.5 months) 15 50 

2.2. Measures 

Sociodemographic Questionnaire - The sociodemographic questionnaire aims to collect 

information regarding age, gender, education, marital status, profession before imprisonment, length 

of sentence assigned, reason for the sentence, years of sentence already served, criminal record, 

substance use, and clinical history. 

Montreal Cognitive Assessment (MoCA) (Nasreddine et al., 2005; Portuguese version by Simões 

et al., 2014) is a brief screening tool for mild cognitive impairment. This test consists of eleven tasks 

that assess cognitive domains such as executive functions, visuospatial capacity, memory, attention, 

concentration, working memory, language, and spatial and temporal orientation. The administration 

time is approximately 10 to 15 minutes, and the maximum score is 30 points (Freitas et al., 2011). 

Digit Span - The Wechsler Adult Intelligence Scale III (WAIS-III) (Wechsler, 1991; Portuguese 

version by Wechsler, 2008) allows evaluation of the capacity for recall, immediate repetition, and 

working memory. It consists of two tasks: one for repeating digits in direct order and another for 

repeating digits in reverse order. Each item has two trials that are scored from 0 to 2 points. The total 

score is 30 points, which corresponds to the sum of the direct order digits task (16 points) and the 

reverse order digits task (14 points) (Wechsler, 2008). 

Wisconsin Card Sorting Test (WCST) (Heaton et al., 1993; normative data available from 

Faustino et al., 2020) is a test that assesses cognitive flexibility. The test consists of four stimulus cards 

and 128 response cards represented by different shapes, colors, and numbers. The objective is to 

match each response card to one of the stimulus cards, alternating between the three classification 

categories (i.e., color, shape, and number). During the test, the classification principles are not 

revealed to the participant; they are only told if their answer is right or wrong. The results of the test 

are translated into percentiles based on the raw score of the classification indexes. The test 

administration time varies between 20 and 30 minutes (Heaton et al., 2005). 
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Frontal Assessment Battery (FAB) (Dubois et al., 2000; Portuguese version by Lima et al., 2008) 

is a brief battery of neuropsychological assessment focused on frontal functions and executive 

functioning. This test consists of six subtests that assess abstract thinking, mental flexibility, motor 

programming, sensitivity to interference, inhibitory control, and environmental autonomy. Each 

subtest is scored between 0 and 3 points, with a total score of 18 points. The test administration time 

is approximately 10 minutes (Dubois et al., 2000). 

Iowa Gambling Task (IGT) (Bechara et al., 1994) is a computerized test that evaluates decision-

making capacity based on real-life situations, specifically the anticipation of risk in long-term 

decision-making. The IGT consists of four decks of cards (A, B, C, and D), each with different 

characteristics in terms of losses and/or gains during the task. The objective is to reach the end of the 

task with a positive balance, avoiding significant losses. The participant chooses a card from one of 

the four possible decks over 100 moves. Decks vary in terms of rewards and punishments, with some 

being more advantageous than others. The test results are obtained by subtracting the sum of all 

advantageous choices (decks C+D) from the sum of all risky choices (decks A+B) (Bechara et al., 1994). 

2.3. Procedures 

This study is part of a broader project called "Neurocognitive Assessment of the Prison 

Population," with data collected between 2017 and 2018 in a prison facility in the metropolitan area 

of Lisbon, Portugal. After obtaining ethical clearance from the Committee on Ethics and Deontology 

of Scientific Research at the School of Psychology and Life Sciences of Lusófona University (CEDIC) 

and authorization from the General Directorate for Reinsertion and Prison Services (DGRSP), the data 

collection process took place with a guarantee of anonymity and confidentiality. The participants 

signed an informed consent form, and it was clarified that participation did not involve any physical 

or psychological risks. 

To assess the cognitive profile, five neuropsychological assessment measures were applied in 

two one-hour sessions. In the first session, the socio-demographic questionnaire, the MoCA test, the 

digit span test, and the WCST were administered. For the WCST, only four indices were analyzed: 

Perseverative Errors, Perseverative Answers, Number of Categories Completed, and Successful 

Trials to Complete the 1st Category. These indices are considered the most suitable in the literature 

for evaluating abilities such as problem-solving, planning, and cognitive flexibility (e.g., Angrilli et 

al., 2013; Kelly et al., 2002; Ross & Hoaken, 2011; Sreenivasan et al., 2008; Veneziano & Veneziano, 

2004). 

In the second session, the FAB and IGT tests were administered. In addition to analyzing the 

decks of cards (Deck A, Deck B, Deck C, and Deck D) selected by the participants, which indicate the 

number of times each deck (advantageous or disadvantageous) was chosen, data related to the blocks 

(Net1, Net2, Net3, Net4, and Net5) were considered to evaluate the participants' performance and 

learning progression in each block. The total value (Net_Total) variable was also used to assess the 

participants' overall performance in the task (Areias et al., 2013). Furthermore, a survey was 

conducted to gather sociodemographic data. Information regarding sentence duration and length of 

imprisonment was collected from the individual records. The neurocognitive assessment was 

conducted individually in a room, guaranteeing the conditions of privacy and confidentiality. A 

trained student enrolled in the Neuropsychology Master’s program conducted the assessments. The 

entire procedure of neurocognitive assessment lasted two one-hour sessions. 

2.4. Statistical Analysis 

The data were entered into IBM SPSS Statistics software (Version 23) for statistical analysis. 

Descriptive statistics methods were used to characterize the sample, while inferential statistics 

methods were employed to test the study's objectives using ANOVAs. The Shapiro-Wilk test was 

used to determine the normal distribution of the sample, considering the sample size (n = 30). 

Although some of the tested variables violated the assumptions of normality (e.g., MoCA and WCST), 

parametric procedures were still used to test differences between levels of the independent variables 
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against the dependent variables related to neurocognitive performance. ANOVAs were chosen due 

to the results not differing from the non-parametric alternative procedures. Since parametric tests are 

generally more robust, they were preferred for reporting purposes. 

The independent variables were related to criminal behavior, namely the Duration of Sentence 

Imposed, and the Length of Imprisonment. The dependent variables were related to neurocognitive 

performance of executive functions and decision-making. The alpha level for the statistical 

procedures was set at .05. 

3. Results 

3.1. Descriptive Statistics for Neurocognitive Variables 

The first aim was to describe the variables related to neurocognitive functioning using mean 

scores, standard deviation, and lower and upper levels for a 95% confidence level. The mean scores 

indicate that overall cognitive function measured with (MoCA, Digit Span, WCST, FAB and IGT) is 

lower than the mean score of a normative sample. However, these scores fall within two standard 

deviations of the normative scores, suggesting no significant deviations from the normative data. The 

same applies to the WCST, for which normative data for the Portuguese population is available. In 

the WCST, we utilized approximate age and education levels from our sample. Table 2 provides a 

summary of the descriptive statistics for the five measures used to assess participants' executive 

functioning. 

Table 2. Mean and Standard Deviation of Neuropsychological Assessment Tests. 

Tests M SD 95% CI 

MoCA 23.70 4.01 22.20, 25.20 

FAB 16 1.28 15.52, 16.48 

Digit Span  16.67 3.18 11.48, 13.86 

Wisconsin Card Sorting Test    

Perseverative Errors 16.77 9.55 13.20, 20.33 

Perseverative Answers 18.50 10.99 14.30, 22.61 

Number of Categories Completed 4.57 1.94 3.84, 5.29 

Tests to Complete the 1st Category 25.50 30.21 14.22, 36.78 

Iowa Gambling Task    

Net_Total -8.67 5.61 -20.51, 3.18 

Net_1 -1.56 .83 -3.31, .20 

Net_2 -1.11 1.65 -4.59, 2.37 

Net_3 -1.11 1.16 -3.58, 1.35 

Net_4 -2 1.67 -5.53, 1.53 

Net_5 -2.89 1.99 -7.10, 1.32 

Deck_A 22.72 1.30 19.96, 25.48 

Deck_B 31.61 2.47 26.40, 36.82 

Deck_C 20.17 1.39 17.22, 23.11 

Deck_D 25.50 2.58 20.04, 30.96 

 Advantageous Decks (C+D) 45.67 11.91 30.75, 51.58 

 Disadvantageous Decks (A+B) 54.33 11.91 48.41, 60.25 
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3.2. Decision-Making in the Iowa Gambling Task 

The IGT was analyzed according to Net (performance in 20 card bins) and Deck (number of 

choices of each card deck). This analysis was conducted using repeated measures ANOVA to 

compare performance based on Net and Deck. The initial ANOVA for Net, which had five levels, did 

not reveal statistically significant differences across the levels of this variable (i.e., each set of 20 card 

picks). 

However, the same analysis conducted on Deck, which had four levels, showed a main effect 

(F(3, 51) = 4.405; p < .01), indicating a significant difference in the number of card picks from each 

deck. Post-hoc analysis with Bonferroni adjustment indicated that Deck B was chosen significantly 

more often than Deck A and Deck C (p < .05). Figure 1 illustrates the number of cards picked for decks 

A, B, C, and D, where decks A and B were disadvantageous decks, and decks C and D were 

advantageous decks. 

 

Figure 1. Mean number of decks selected in the Iowa Gambling Task. 

3.3. Association Between Criminal Behavior, Education and Age 

Before testing the objectives, an exploratory analysis was conducted to determine whether the 

independent variables, such as Duration of Sentence Imposed (below/above Mdn) as a proxy for the 

severity of criminal behavior, and Length of Imprisonment (below/above Mdn), could be influenced 

by factors such as age or education. A Chi-square association test was performed to examine the 

associations between years of formal education and the independent variables. The results indicated 

no significant associations (all p-values > .05). However, when considering age, t-tests revealed 

differences for Duration of Sentence Imposed (t(28) = 3.909, p < .001) and Length of Imprisonment 

(t(28) = -4.359, p < .001), suggesting that individuals with longer sentences and longer imprisonment 

times tend to have a higher mean age. To account for the potential covariance between age and the 

independent variables, age was controlled in subsequent analyses. Table 3 presents the means and 

standard deviations for each subgroup, specifically focusing on the age variable. 

Table 3. Mean age by Duration of sentence and Length of imprisonment. 

  Age 

  M SD 

Duration of sentence Below Mdn 26.17 3.65 

 Above Mdn 33.58 6.65 

Length of imprisonment Below Mdn 25.27 3.37 

 Above Mdn 33 5.98 
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3.4. Differences in Criminal Behavior Related to Sentence Duration and Executive Functions 

This analysis was conducted to test whether the severity of criminal behavior, as indicated by 

the duration of the sentence imposed, had an impact on executive functioning, as evaluated through 

the FAB and WCST. We also examined whether the length of imprisonment affected decision-

making, as evaluated through the IGT. The analysis utilized MANCOVA to test these effects on the 

underlying dimensions of the FAB and WCST, and a mixed repeated measures ANCOVA for the 

IGT, controlling for age effects. 

Regarding the FAB, the MANCOVA included the six dimensions (abstract thinking, mental 

flexibility, motor programming, sensitivity to interference, inhibitory control, and environmental 

autonomy) and the duration of the sentence imposed (below/above median) as fixed effects, with age 

included as a covariate. The analysis revealed a significant multivariate effect (F(5, 23) = Wilks' 

Lambda = 0.475; F = 5.092; p < 0.001). This effect was further examined through between-subjects 

univariate tests, which indicated better results in executive functions in the group with the lower 

duration of the sentence imposed for mental flexibility (F(1, 27) = 7.218; p < 0.05) and sensitivity to 

interference (F(1, 27) = 6.998; p < 0.05), as depicted in Table 4. 

Table 4. FAB scores according to the duration of sentence. 

  M Lower 95% CI Upper 95% CI 

Similarities Below Mdn 1.932 1.505 2.358 
 Above Mdn 1.769 1.224 2.315 

Fluency/Flexibility Below Mdn 2.784 2.409 3.159 

 Above Mdn 1.907 1.427 2.388 

Motor series Below Mdn 3.03 2.835 3.225 

 Above Mdn 2.789 2.539 3.038 

Conflicting instructions Below Mdn 3.064 2.849 3.278 

 Above Mdn 2.571 2.297 2.845 

Go-no-go Below Mdn 2.925 2.760 3.090 

 Above Mdn 2.862 2.651 3.074 

Prehension behavior Below Mdn 3 3 3 

 Above Mdn 3 3 3 

The same analysis was performed on the WCST to assess whether this test exhibited differences 

based on the duration of the sentence imposed while controlling for age effects. However, the 

MANCOVA did not demonstrate a multivariate effect or univariate effects on the dimensions of the 

WCST (all p's > 0.05). Table 5 illustrates the mean scores in each domain of the WCST. 

Table 5. WCST according to the duration of sentence. 

  M Lower 95% CI Upper 95% CI 

N of trials Below Mdn 104.315 94.277 114.352 

 Above Mdn 113.778 100.938 126.618 

Total errors Below Mdn 32.306 22.17 42.442 

 Above Mdn 36.874 23.908 49.840 

Perseverative responses Below Mdn 16.955 11.44 22.47 

 Above Mdn 20.817 13.763 27.872 

Perserverative errors Below Mdn 15.261 10.554 19.968 

 Above Mdn 19.025 13.004 25.046 

Non-perseverative errors Below Mdn 17.043 11.041 23.044 

 Above Mdn 17.936 10.259 25.613 

Conceptual level responses Below Mdn 63.318 55.535 71.102 

 Above Mdn 63.022 53.066 72.979 

N of categories completed Below Mdn 4.636 3.691 5.580 
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 Above Mdn 4.463 3.255 5.672 

N trials to complete 1st cat Below Mdn 20.411 4.957 35.866 

 Above Mdn 33.133 13.364 52.902 

Failure to maintain set Below Mdn 1.411 0.785 2.038 

 Above Mdn 1.383 0.582 2.185 

3.5. Differences in Criminal Behavior Related to Imprisonment Duration and Decision-Making 

In the Iowa Gambling Task (IGT), two separate mixed repeated measures ANOVA tests were 

conducted to examine the impact of Length of Imprisonment on decision-making. The variables 

analyzed were Net and Deck. 

For the Net variable, the ANOVA included the within-subjects factor Net with 5 levels (Net1 vs. 

Net2 vs. Net3 vs. Net4 vs. Net5). Length of Imprisonment was considered a fixed factor, and age was 

included as a covariate. However, this ANOVA did not yield any significant results for either the 

main effects and the interaction effects between variables. 

Regarding the Deck variable, the ANOVA involved the within-subjects factor Deck with 4 levels 

(Deck A vs. Deck B vs. Deck C vs. Deck D). Similar to the Net variable analysis, Length of 

Imprisonment was treated as a fixed factor, and age was used as a covariate. This analysis revealed 

a trend toward significance for the interaction between Deck and Length of Imprisonment (F(3, 45) = 

2.268; p = 0.093). Subsequent analysis of simple main effects indicated that individuals with less 

imprisonment time showed a higher number of cards picked for deck B compared to decks A and C 

revealing poorer decision-making ability in these individuals (see Figure 2). 

 

Figure 2. Iowa Gambling Task for length of imprisonment. 

4. Discussion 

Executive dysfunction is considered one of the main predictors of criminal behavior. Generally, 

individuals in a situation of seclusion demonstrate deficits in cognitive, social, and emotional skills 

(Altikriti, 2020; Ogilvie et al., 2011) and executive functioning (Seruca & Silva, 2016). This pattern of 

deficits has been previously associated with the severity of criminal behavior (Ross & Hoaken, 2011; 

Valliant et al., 2003). 

This study aimed to evaluate and characterize the cognitive functioning of imprisoned 

individuals, according to the severity of criminal behavior. In our study, we have used the duration 

of sentence imposed as a proxy measure of the severity of criminal behavior. Therefore, it was 

hypothesized that individuals with longer sentences associated, and more violent crimes would have 

greater executive deficits, as well as take greater risks in decision-making, compared to individuals 

with more reduced sentences and less violent crimes.  
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To explore whether the prison environment impacts executive functions (Meijers et al., 2018) we 

have chosen to study the effect of the length of imprisonment duration in executive functions and 

decision-making. It was also hypothesized that individuals with longer periods of imprisonment 

would have greater executive deficits, as well as poorer decision-making because of the prison 

environment characterized as impoverished and sedentary (Meijers et al., 2015).  

The results were first explored to test the relationship between age and education with the 

independent variables. Numerous other factors can contribute to this decline, such as substance use, 

mental disorders or low educational levels (Combalbert & Pennequin, 2020; Meijers et al., 2017; Ross 

& Hoaken, 2011; Tuominen et al., 2017; Verhülsdonk et al., 2021). In our study, we only found an 

association with age. Given that age was shown to be associated with both sentence imposed and 

imprisonment period and given that age also explains neurocognitive functioning, we have 

controlled age in these analyses. Individuals with longer sentences or those with longer periods of 

imprisonment were older. Therefore, age was controlled in all statistical procedures.  

The results from global cognitive functioning and executive functions performance did not 

suggest marked impairments in individuals in prison. The results demonstrate that, from a global 

point of view, the performance of those individuals is not below the normative data for each of the 

tests related to global cognitive functioning and executive functions.  

Previous studies have found that offenders who perpetrate violent crimes or repeat offenders 

tend to have greater difficulties at the level of executive functions, given their greater cognitive 

rigidity; this is because they may have greater difficulties in terms of learning new behavioral rules, 

as well as in the use of external references, to plan, monitor, regulate and adapt their behavior to new 

situations (Barbosa & Monteiro, 2008). In our study, we have found this for individuals with longer 

sentences imposed. We found an effect of the sentence imposed in executive functions, and 

specifically, on mental flexibility and sensitivity to interference. Mental flexibility and sensitivity to 

interference are core domains of executive functions that may have significant impacts on monitoring 

behavior and self-regulation (Hofmann et al., 2012). These results are partially aligned with prior 

literature revealing that offenders perform worse on measures of mental flexibility and planning than 

non-offenders (Seruca & Silva, 2016); the authors also found a stronger correlation between sensitivity 

resistance and anger. These results are also aligned with our data suggesting that sensitivity to 

interference may be a marker of executive dysfunction in inmate population. 

Despite these findings, no effects were found in the WCST. The absence of results is intriguing. 

The WCST is a measure of set-shifting, a domain of executive functions (Diamond, 2013) that relates 

to mental flexibility. According to Funahashi (2001), the ability to shift attention to a given stimulus 

and keep it in working memory is necessary to perform the WCST test, and this ability may be related 

to the inhibition of behavioral responses to inappropriate stimuli. It is possible that the deficits of the 

inmate population with higher severity sentences were mostly captured by verbal fluency instead of 

the performance in the set-shifting measures of cognitive flexibility as the WCST.  

As mentioned, working memory is equally important and necessary in the WCST test, as it 

allows, together with the attentional shift between stimuli, the modification of behaviors. This 

cognitive domain concerns the ability to temporarily store and process relevant information during 

the execution of a task (Funahashi, 2001). Therefore, it enables the resolution of problems and the 

directing of behaviors towards certain objectives, through access to previously acquired learning and 

the acquisition of new ones (Funahashi, 2001). At the level of working memory, we also did not find 

effects of the sentence imposed. Probably the deficits found in the literature on working memory (e.g., 

Sánchez de Ribera et al., 2021) need to be confirmed in other tasks as n-back tasks, as they 

simultaneously require maintenance and manipulation of information (Gajewski et al., 2018). 

The prison context can also lead to a decrease in cognitive abilities in older individuals, even 

proposing a greater risk of developing neurodegenerative diseases such as dementia. This is because 

it is a context considered to promote a sedentary lifestyle, with little social interaction and low 

cognitive stimulation (Combalbert & Pennequin, 2020; Meijers et al., 2017; Verhülsdonk et al., 2021). 

For example, the literature has shown that brain processes involved in self-regulation (i.e., self-
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control and planning) and attention are reduced after three months of confinement, suggesting that 

this difficulty may lead to a higher risk of recidivism (Ligthart et al., 2019; Meijers et al., 2018). 

We have used the length of the imprisonment period to study whether staying in a prison 

context would impact executive functions and decision-making. Within the Criminal Records group, 

about the results obtained in the IGT, there was some inconsistency in the pattern of behavior adopted 

throughout the task. Although, in general, the choice of disadvantageous decks was made mainly by 

the subgroup of repeat offenders, it was found that one of the disadvantageous decks (Deck A) was 

chosen more by the subset of primary offenders. This inconsistency may have resulted from a lack of 

motivation on the part of the participants in performing the task, which may have led to random 

responses, or it may be associated with some difficulty in maintaining the memory of the rules of the 

game, although they initially perceived them. On the other hand, in the Types of Crime group, the 

results are consistent in all the variables analyzed in the IGT in relation to the subgroup of individuals 

considered non-violent, thus indicating a greater tendency to choose disadvantageous decks and, 

consequently, a more significant risk in decision-making. When this subgroup was analyzed, it was 

found that the four participants considered non-violent were also in primary seclusion (also, the 

reduced number of participants in the sub-group make the current results to be discussed with 

caution). However, this information is in line with what has already been reported, in which primary 

offenders tend to have greater deficits in deferring gratification (Seruca & Silva, 2015). However, 

other studies point to opposite results. For example, in a systematic review of impulsive control 

among individuals in seclusion, there was a pronounced deficit in the control of impulsivity in 

decision-making, particularly in individuals considered violent, exhibiting greater difficulties in 

delaying gratification and in the ability to inhibit inappropriate and impulsive responses. Moreover, 

these difficulties can also be predictors of criminal recidivism (Vedelago et al., 2019)." 

Perhaps, a more structured environment with physical activity may help to improve pre-frontal 

functioning and decision-making. Other factors might compromise decision-making, such as 

substance use which was tested but revealed no effect on the independent variables. Nevertheless, it 

should be noted that six of the eight participants in the subgroup of repeat offenders had a history of 

substance use. However, due to the unbalance between this variable and the small sample size, this 

effect was not tested in the neuropsychological data. 

As for the limitations, the main was the small sample size, which makes it impossible to 

understand whether there are significant differences between the groups, concerning cognitive 

functioning, or whether these results are dependent on other variables. For example, the sample 

comprised recidivists and primary offenders, and violent and non-violent individuals, however, 

primary offenders were also more violent, so the results may be inconsistent with the hypothesis. On 

the other hand, to understand whether the executive functions exert an effect, mediator or moderator 

analysis should be run on the variables of length of imprisonment and degree of severity of criminal 

acts. Another issue that would be interesting to see clarified concerns the results found in the FAB, 

more precisely in the inhibitory control task, within the Criminal Record group, because individuals 

in situations of recidivism presented superior performances compared to primary individuals.  

It would have been important to assess inhibitory skills using the Stroop test. One of the factors 

that can also explain lower performance in complex neuropsychological tasks is intelligence (Ross & 

Hoaken, 2011), thus, in future studies, it would be important to use measures that allow evaluating 

and controlling the impact of intelligence on cognitive decline. Alongside, the use of a more 

comprehensive battery of tests, consisting not only of tests that assess cold executive functions but 

also hot ones, at the same time with complementary tests of brain functioning, would be helpful. 

From a neuroanatomical point of view, these functions are associated with different brain areas, 

although they operate together in a coordinated system (Zelazo & Carlson, 2012). Finally, it would 

be important to understand the predominant pattern of aggressiveness in the sample, whether it is a 

reactive type of aggression that is manifested by impulsivity, or an instrumental type of aggression 

that is characterized by premeditated and planned behaviors, considering that the two demonstrate 

distinct associations with different cognitive deficits (Broomhall, 2005). 
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Understanding the cognitive functioning of individuals in prison, specifically the deficits they 

present, is vital for their monitoring and rehabilitation, especially in cases of criminal recidivism (Ross 

& Hoaken, 2011). Moreover, this analysis must include an integrative and multidisciplinary 

approach, as several factors contribute to cognitive and executive impairment and the involvement 

of these individuals with the justice system (Sullivan, 2019). 
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