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Supplementary Discussion 
 
 
 

S1. A second control group of incarcerated subjects with no terrorist background was 
assessed with the moral judgment task. This sample included 13 men who were convicted 
of murder and began serving their sentence between five and eight years prior to testing 
(mean = 6.07, SD = 1.33). These subjects were paired in age (F (2, 142) = .26, p = .76, η2 = 
.003) and years of formal education (F (2, 142) = 1.81, p = .16, η2 = .003) with the terrorists 
and the control groups. 
 
S2.A mixed-effects 3 (group: terrorist vs. non-criminal controls vs. incarcerated controls) x 
2 (intention: neutral vs. negative) x 2 (outcome: neutral vs. negative) ANOVA crossing 
groups and conditions revealed that all groups judged actions with neutral intentions and 
neutral outcomes as more permissible than actions with negative intentions and negative 
outcomes [main effects of intention (F (2, 142) = 413.68, p < .01, η2 = .74) and outcome (F 
(2,142) = 222.21, p < .01, η2 = 0.61)]. Furthermore, all groups judged accidental harm as 
more permissible than intentional harm [intention-by-outcome interaction (F (1, 142) = 
33.82, p < .01, η2 = .19)].  
 
In addition, a significant three-way interaction was detected among intention, outcome, and 
group (F (2, 142) = 4.57, p < .01, η2 = .07). A post-hoc analysis (Tukey HSD, MS = .66, df 
= 235.7) revealed that terrorists judged accidental harm as less permissible than non-
criminals controls (p < .01) and incarcerated controls (p < .01). Moreover, terrorist judged 
attempted harm as more permissible than non-criminals (p < .01) and incarcerated controls 
(p < .01). There were no significant differences between terrorists and non-criminals (p = 
.29) or between terrorists and incarcerated controls (p = .99) in judgments of non-harm. No 
differences were observed for successful attempt to harm between terrorists and non-
criminals (p = .70) or between terrorists and incarcerated controls (p = .99) (see 
Supplementary Figure 1). 
 
S3. The terrorists’ outcome-based moral judgment pattern resembles that observed in young 
children. Although, children can correctly differentiate intentional from accidental actions 
since very early ages 1,2, when moral scenarios present conflicting information about the 
outcome of the action and the intention of the agent, their moral judgments are based on the 
former factor rather than the latter 3,4 . 
 
S4. Social sciences theories 13 suggest that ideology and action are sometimes connected, 
but not always.  Many terrorists are not ideologues or deep believers in an extremist 
doctrine. They are drawn to the group and its activities for other reasons. Indeed, people 
with radical ideas and violent justifications rarely engage in terrorism 13. These views 
indicate that there is no direct and unique causal connection between radical ideas and 
violence 13. Therefore, the link between terrorists’ actions and ideology seems too complex 
to be strictly circumscribed to restricted domains. A full treatment of this relation is beyond 
the scope of this work. Further research should investigate whether there is a relationship 
between the strength of terrorists’ ideological convictions and their moral judgment pattern 
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S5. Participants: Participants of the terrorist group included 66 incarcerated paramilitaries 
who participated in a collective demobilization supported by statutory Law 975/05 (Ley de 
Justicia y Paz, Justice and Peace Law) 6. This Law sets forth a system of incentives to tell 
the truth, identify and punish perpetrators, and provide reparations to the victims. However, 
individuals who participated in this study have not been enrolled in any rehabilitation or 
reinsertion program.  
 
S6. Since the time available to assess each individual in prison was very limited, we needed 
to choose a robust but brief tool to assess EFs. The IFS battery proved very adequate in this 
context, as it constitutes a well-validated 7-11 instrument which allows assessing various EFs 
in only a few minutes. Moreover, the IFS possesses better sensitivity and specificity than 
other brief EF tests 9,11. In addition, the IFS has been successfully employed in the 
assessment of clinical 7-11 and non-clinical 12 populations. The IFS primarily taps working 
memory and inhibitory control. In fact, the latter is one executive domains of interest, given 
that previous studies 13-15 have shown an association between inhibitory control and 
aggressive behavior. Finally, the IFS strongly correlates with the performance on classical 
EF tasks 7,9. However, since the IFS does not replace a complete EF assessment, future 
studies in terrorist groups should evaluate this domain through a more comprehensive 
neuropsychological battery. 
 
S7. The moral judgment task has proved sensitive in numerous social groups around the 
world, including Latin-American populations 16,17, which supports the cross-cultural 
validity of the moral scenarios considered here. Moreover, studies using this task in 
neurotypicals of various age groups 16-25 converge in showing that when intention and 
outcome are in conflict, moral judgments are construed by considering both factors (with 
the arguable exception of young children). Construct validity is further supported by a 
validation study conducted with 45 healthy volunteers (19 women, 26 men). Participants 
completed the moral judgment task and a validated moral sensitivity task 17,25-27 evaluating 
various aspects of moral cognition (intentionality comprehension, empathic concern, and 
moral judgment) in the context of intentional and accidental harms. This paradigm 
comprises 25 animated scenarios (11 intentional, 11 accidental, 3 neutral) involving two 
individuals. Each scenario consists of three digital color pictures presented in a successive 
manner to imply motion. The durations of the first, second, and third pictures in each 
animation were 500, 200, and 1000 ms, respectively. The three following types of 
situations were depicted: (1) intentional harm, in which one person deliberately inflicts pain 
on another (e.g., one person purposely steps on someone else’s toe); (2) accidental harm 
(e.g., one person accidentally inflicts pain on another); and (3) control or neutral situations 
involving no harm (e.g., one person hands a flower to another).  
 
Since the protagonists’ faces were not visible, participants were blind to their facial 
emotional reactions. Participants were asked to respond to six questions which evaluated: 
(a) intentionality comprehension (was the action done on purpose?), (b) intention of the 
perpetrator to hurt the victim (how bad was the purpose?), (c) emphatic concern (how sad 
do you feel for the victim?), (d) degree of discomfort (how upset do you feel for what 
happened in the situation?), (e) correctness of the action (how inappropriate was the 
action?), and (f) punishment (how much penalty does this action deserve?). The question 
about intentionality was answered selecting “Yes” or “No”. The other questions were 
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answered using a computer-based visual analogue scale ranging from -9 to 9 –these 
numbers were not visible to participants. We measured accuracy for the intentionality 
question, alongside ratings and raw reaction times for the other questions.  
 
Results of the validation study 
 
The participants’ mean age was 56.06 (SD = 16.24) and they had a mean of 16.66 (SD = 
6.79) years of education. Results of the moral judgment task showed that participants 
judged actions with neutral intentions and neutral outcomes as more permissible than 
actions with negative intentions and negative outcomes [main effects of intention (F (1, 44) 
= 325.27, p < .01, η2 = .88) and outcome (F (1, 44) = 63.41, p < .01, η2 = 0.60)]. 
Furthermore, there was a significant interaction between intention and outcome (F (1, 44) = 
29.01, p < .01, η2 = .40). A post-hoc analysis (Tukey HSD, MS = .48, df = 44) revealed that 
accidental harm was judged as more permissible than intentional harm (p < .01).  
 
In addition, we estimated an overall moral judgment profile by calculating a global moral 
score which included the conditions in which intention and outcome are in conflict (i.e., 
accidental harm and attempted harm). This score was represented by the average of the 
difference between raw scores for accidental and attempted harm and the maximum 
expected rating for each condition (7 and 1, respectively): the higher this global score, the 
more morally deviant the sample’s performance. We explored the relationship between this 
global moral score and the measures of the moral sensitivity task evaluating different 
aspects of intentionality comprehension, empathy, and moral judgment. Supporting the 
validity of the moral judgment task, the global moral score was significantly correlated with 
intentionality comprehension (r = -.57, p < .001) and correctness ratings for intentional 
harm (r = -.55, p < .001) (see Supplementary Figure 2). Thus, performance on the moral 
judgment task correlates with performance on previously validated measures of moral 
sensitivity and moral evaluation17,26,28. 
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Supplementary Figures 
 

 
Supplementary Figure 1. Moral judgments of terrorists, non-criminals, and incarcerated 
controls. Asterisks indicate significant differences. 
 
 
 
 
 
 
 

 
 

Supplementary Figure 2. Relationship between performance on the moral judgment task 
(global moral score) and other measures of moral sensitivity (intentionality comprehension) 
and moral evaluation (correctness ratings).  

 
 
 
 
 

 

© 2017 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.

NATURE HUMAN BEHAVIOUR | DOI: 10.1038/s41562-017-0118 | www.nature.com/nathumbehav	 5

SUPPLEMENTARY INFORMATION

http://dx.doi.org/10.1038/s41562-017-0118


Supplementary References 
 

1 Decety, J., Michalska, K. J. & Kinzler, K. D. The contribution of emotion and 
cognition to moral sensitivity: a neurodevelopmental study. Cereb Cortex 22, 209-
220, doi:10.1093/cercor/bhr111 (2012). 

2 Woodward, A. L. & Sommerville, J. A. Twelve-month-old infants interpret action 
in context. Psychol Sci 11, 73-77 (2000). 

3 Yuill, N. & Perner, J. Intentionality and knowledge in children's judgments of 
actor's responsibility and recipient's emotional reaction. Dev Psychol 24, 358-365 
(1988). 

4 Piaget, J. The Moral Judgment of the Child (Free Press, 1965). 
5 Borum, R. Radicalization into Violent Extremism I: A Review of Social Science 

Theories. Journal of Strategic Security 4, 7-36 (2011). 
6 Laplante, L. & Theidon, K. Transitional justice in times of conflict: Colombia's Ley 

de Justicia y Paz. Michigan Journal of International Law 49, 1-60 (2006). 
7 Bruno, D. et al. Utility of the INECO frontal screening (IFS) in the detection of 

executive dysfunction in patients with relapsing-remitting multiple sclerosis 
(RRMS). Neurol Sci 36, 2035-2041, doi:10.1007/s10072-015-2299-6 (2015). 

8 Baez, S. et al. The utility of IFS (INECO Frontal Screening) for the detection of 
executive dysfunction in adults with bipolar disorder and ADHD. Psychiatry Res 
216, 269-276, doi:10.1016/j.psychres.2014.01.020 (2014). 

9 Gleichgerrcht, E., Roca, M., Manes, F. & Torralva, T. Comparing the clinical 
usefulness of the Institute of Cognitive Neurology (INECO) Frontal Screening (IFS) 
and the Frontal Assessment Battery (FAB) in frontotemporal dementia. J Clin Exp 
Neuropsychol 33, 997-1004, doi:10.1080/13803395.2011.589375 (2011). 

10 Torralva, T., Roca, M., Gleichgerrcht, E., Lopez, P. & Manes, F. INECO Frontal 
Screening (IFS): a brief, sensitive, and specific tool to assess executive functions in 
dementia. J Int Neuropsychol Soc 15, 777-786, doi:10.1017/S1355617709990415 
(2009). 

11 Custodio, N. et al. Evaluation of the INECO Frontal Screening and the Frontal 
Assessment Battery in Peruvian patients with Alzheimer's disease and behavioral 
variant Frontotemporal dementia. J Neurol Sci 5, 25-29, 
doi:http://dx.doi.org/10.1016/j.ensci.2016.11.001 (2016). 

12 Gonzalez-Gadea, M. L. et al. Emotion recognition and cognitive empathy deficits in 
adolescent offenders revealed by context-sensitive tasks. Front Hum Neurosci 8, 
850, doi:10.3389/fnhum.2014.00850 (2014). 

13 Raaijmakers, M. A. et al. Executive functions in preschool children with aggressive 
behavior: impairments in inhibitory control. J Abnorm Child Psychol 36, 1097-
1107, doi:10.1007/s10802-008-9235-7 (2008). 

14 Krakowski, M. et al. Community violence and inpatient assaults: neurobiological 
deficits. J Neuropsychiatry Clin Neurosci 9, 549-555, doi:10.1176/jnp.9.4.549 
(1997). 

15 Blair, R. J. Neurocognitive models of aggression, the antisocial personality 
disorders, and psychopathy. J Neurol Neurosurg Psychiatry 71, 727-731 (2001). 

16 Baez, S. et al. Comparing moral judgments of patients with frontotemporal 
dementia and frontal stroke. JAMA Neurol 71, 1172-1176, 
doi:10.1001/jamaneurol.2014.347 (2014). 

© 2017 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.

NATURE HUMAN BEHAVIOUR | DOI: 10.1038/s41562-017-0118 | www.nature.com/nathumbehav	 6

SUPPLEMENTARY INFORMATION

http://dx.doi.org/10.1038/s41562-017-0118


17 Baez, S. et al. Integration of Intention and Outcome for Moral Judgment in 
Frontotemporal Dementia: Brain Structural Signatures. Neurodegener Dis 16, 206-
217, doi:10.1159/000441918 (2016). 

18 Miller, M. B. et al. Abnormal moral reasoning in complete and partial callosotomy 
patients. Neuropsychologia 48, 2215-2220, 
doi:10.1016/j.neuropsychologia.2010.02.021 (2010). 

19 Moran, J. M. et al. Impaired theory of mind for moral judgment in high-functioning 
autism. Proc Natl Acad Sci U S A 108, 2688-2692, doi:10.1073/pnas.1011734108 
(2011). 

20 Young, L. et al. Damage to ventromedial prefrontal cortex impairs judgment of 
harmful intent. Neuron 65, 845-851, doi:10.1016/j.neuron.2010.03.003 (2010). 

21 Young, L., Camprodon, J. A., Hauser, M., Pascual-Leone, A. & Saxe, R. Disruption 
of the right temporoparietal junction with transcranial magnetic stimulation reduces 
the role of beliefs in moral judgments. Proc Natl Acad Sci U S A 107, 6753-6758, 
doi:10.1073/pnas.0914826107 (2010). 

22 Young, L. & Saxe, R. The neural basis of belief encoding and integration in moral 
judgment. Neuroimage 40, 1912-1920, doi:10.1016/j.neuroimage.2008.01.057 
(2008). 

23 Young, L. & Saxe, R. An FMRI investigation of spontaneous mental state inference 
for moral judgment. J Cogn Neurosci 21, 1396-1405, doi:10.1162/jocn.2009.21137 
(2009). 

24 Young, L., Koenigs, M., Kruepke, M. & Newman, J. P. Psychopathy increases 
perceived moral permissibility of accidents. J Abnorm Psychol 121, 659-667, 
doi:10.1037/a0027489 (2012). 

25 Baez, S. et al. Integrating intention and context: assessing social cognition in adults 
with Asperger syndrome. Front Hum Neurosci 6, 302, 
doi:10.3389/fnhum.2012.00302 (2012). 

26 Baez, S. et al. Primary empathy deficits in frontotemporal dementia. Front Aging 
Neurosci 6, 262, doi:10.3389/fnagi.2014.00262 (2014). 

27 Baez, S. et al. Contextual social cognition impairments in schizophrenia and bipolar 
disorder. PLoS One 8, e57664, doi:10.1371/journal.pone.0057664 (2013). 

28 Escobar, M. J. et al. Brain signatures of moral sensitivity in adolescents with early 
social deprivation. Sci Rep 4, 5354, doi:10.1038/srep05354 (2014). 

 
 

© 2017 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.

NATURE HUMAN BEHAVIOUR | DOI: 10.1038/s41562-017-0118 | www.nature.com/nathumbehav	 7

SUPPLEMENTARY INFORMATION

http://dx.doi.org/10.1038/s41562-017-0118

