
High Testosterone Levels and Sensitivity to Acute Stress
in Perpetrators of Domestic Violence With Low Cognitive
Flexibility and Impairments in Their Emotional Decoding
Process: A Preliminary Study
Ángel Romero‐Martínez1, Marisol Lila2, Patricia Sariñana‐González1, Esperanza González‐Bono1,
and Luis Moya‐Albiol1*

1Psychobiology Department, University of Valencia, Valencia, Spain
2Department of Social Psychology, University of Valencia, Valencia, Spain

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Hormonal and neuropsychological impairment in intimate partner violence (IPV) perpetrators could play a role in domestic
violence. For characterizing whether there is a specific psychobiological response to stress, participants who had previously been
jailed for IPV and controls were compared for testosterone and cortisol levels, tested for 2D:4D ratio (as an indicator of
masculinization), and given several trait questionnaires and neuropsychological tests related to executive functions and theory of
mind. After performing the Trier Social Stress Test (TSST), IPV perpetrators experienced decreases in salivary testosterone (T)
levels, a moderate worsening of mood, slight anxiety, and a salivary cortisol (C) level increase. Moreover, high basal Twas related
with high levels of anger and anxiety andworse mood. However, that basal mood does not significantly alter T levels in response to
stress. Nonetheless, controls experienced smaller changes in T and larger changes in C and psychological mood. With respect to
neuropsychological and cognitive empathic features, IPV perpetrators showed poorer executive performance and emotional
recognition than controls. In addition, deficits in both neuropsychological domains were positively associated. Regarding
emotional empathy, IPV perpetrators showed higher levels of personal distress than controls. The 2D:4D ratio was lower in IPV
perpetrators than in controls. Moreover, only in the former a smaller 2D:4D ratio was related to large increases in T in response
to stress and poor emotional recognition. Together with social aspects involved in IPV, differences in psychobiological variables
and their relationships could play a relevant role in the onset and perpetuation of violent behavior. Aggr. Behav. 9999:1–15, 2013.
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INTRODUCTION

Between 15% and 71% of women from different
populations have been victims of physical or sexual
violence at some point in their lives (WHO, 2011).
Therefore, it is necessary to analyze the aggressors to
help eradicate this kind of violence—while also
developing prevention mechanisms. Many researchers
have studied aggressors and most used a psychological
approach, with little interest in the possible influence of
biological variables (Pinto et al., 2010). Due to the
limited results obtained in psychotherapeutic programs
developed for these individuals, it is worthwhile
exploring a different approach based on biopsychosocial
models (Babcock, Green, & Robie, 2004) that include
psychobiological variables such as hormonal and
neuropsychological parameters. This approach enables
the wider acknowledgment of intimate partner violence
as a complex phenomenon.

One of the most analyzed hormones in violent males is
testosterone (T) (Archer, 2006) as an indicator of the
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activity of the hypothalamic–pituitary–gonadal axis
(HPG). Some violent males, including rapists, alcoholic
aggressors, and anti‐social personality disorder (ASD)
criminals, show higher basal T levels: but the results are
not unanimous (Moya‐Albiol, 2010). The studies men-
tioned used the basal T levels as a feature factor, due to
their high temporal stability (Liening, Stanton, Saini, &
Schultheiss, 2010). Nevertheless, in the same way as with
every hormone, there are fluctuations in levels related to
diverse causes, such as behavior or the environment—and
oscillations may be related to mood swings (Liening &
Josephs, 2010). Additionally, modifications in T levels
may produce mood changes. In this sense, T replacement
treatments increase anger, hostility, and/or irritability (van
Honk & Schutter, 2007).
The mechanism behind the relationship between T and

violent behavior is not totally determined. Nevertheless,
modulatory functions for this hormone have been
conferred in interaction with alcohol or drug use (Soler,
Vinayak, & Quadagno, 2000). These include empathy,
neuropsychological skills (Pinto et al., 2010), experience,
environmental interaction, and/or cortisol (C) levels
(Moya‐Albiol, 2010). Indeed, Cmay work as a modulator
of the effect of T on behavior (Terburg, Morgan, & van‐
Honk, 2009) because T is closely linked to aggressive
behavior only in those participants with low C (Popma
et al., 2007).
The interaction between hormonal parameters is

established as part of a complex system in which
neurocognitive factors must be considered. There may be
some deficits whose interaction with hormonal param-
eters such as T may either facilitate or inhibit violent
behavior. When comparing IPV perpetrators with non‐
violent males, the IPV perpetrator group was more likely
to misidentify signals given by their partners and react in
a hostile and/or violent manner (Babcock, Green, &
Webb, 2008). These detection errors were restricted to
neutral and dislike facial expressions that were usually
interpreted as hostile signals. Errors decoding facial
expressions (which constitute an initial stage of social
information processing) may produce deficits in the
“theory of mind” (ToM). For this reason, hostile biases in
the decoding process, especially in partners, may make it
difficult to understand a partner’s perspective or feelings
(Babcock et al., 2008) and may lead to social inadequacy
and even cause the adoption of inappropriate behavior
that predisposes violent action (Tirapu‐Ustárroz, Pérez‐
Sayes, Erekatxo‐Bilbao, & Pelegrín‐Valero, 2007). The
ToM is similar to the concept of “cognitive empathy,”
although empathy is amulti‐dimensional construct which
also has an affective component that can be analyzedwith
two scales of the interpersonal reactivity index (IRI). One
of these scales assesses feelings of sympathy for the
misfortune of others (empathy or concern), and the other

scale measures interior feelings of unease and discomfort
in reaction to the emotions of others (personal distress).
Additionally, using the IRI, four types of aggressors were
obtained, reflecting reductions in cognitive and/or
affective empathy capacities (Covell, Huss, & Langhin-
richsen‐Rohling, 2007). As shown in several neuropsy-
chiatric disorders such as alexithymia, schizophrenia,
and Asperger syndrome, deficits in cognitive empathy
and/or ToM may be related to greater difficulties in
dealing with emotional and negative interpersonal
situations. For this reason, IPV perpetrators may
experience higher levels of personal distress because
they may misunderstand how they are evaluated by
others (Moriguchi et al., 2007; Rogers, Dziobek,
Hassenstab, Wolf, & Convit, 2007; Smith et al., 2012).
Psychopathic traits are positively related to perspective‐
taking or ToM; and inversely related to affective empathy
(Mullins‐Nelson, Salekin, & Leistico, 2006). T may have
activator effects in the cognitive‐affective system
because high levels hinder emotional facial recognition
(van Honk & Schutter, 2007). So when added to an
emotional recognition deficit, increases in T may notably
reduce the capacity to detect and/or misinterpret affective
stimuli.
Diverse neuropsychological functions also show

certain diminished levels in males charged with domestic
violence. The affection lies in the executive functions,
attention, and verbal abilities (Teichner, Golden, Van
Hasselt, & Peterson, 2001). As far as we are aware, the
relationship between these deficits and the T levels of
men charged with domestic violence has not been
analyzed. These deficits seem to be related with deficits
observed in patients with prefrontal cortex (PFC)
damage—revealing in many cases a high level of
irritability and/or physical aggressiveness (Farmer &
Aman, 2011). However, there is not a solid indication that
enables a statement to be made about cerebral damage in
aggressors in terms of PFC.
High levels of prenatal androgens may be associated

with an excessive masculinization of the central nervous
system (CNS). Masculinization has a relatively stable
anthropometric indicator throughout life which is the ratio
between the length of the index finger and the ring finger,
or the 2D:4D ratio (Manning & Bundred, 2000). Smaller
ratios imply a higher prenatal masculinization (Manning,
Baron‐Cohen, Wheelwright, & Sanders, 2001) that has
been linked to male physical aggression (Bailey &
Hurd, 2005).
As far as we know, no studies have analyzed the

hormonal response to a laboratory stressor in adult males
charged with domestic violence. In other studies, a
conflictive marital discussion was employed as a stressor,
but only psychophysiological variables were analyzed
(Pinto et al., 2010). Stress response might be elicited in a
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laboratory through various tools, such as the trier social
stress test (TSST), which simulates a highly stressful
evaluation scenario (Kirschbaum, Pirke, & Hellhammer,
1993). Studies about the affect under endocrine param-
eters focused on non‐aggressive males in whom C levels
increase while T levels decrease—and mood worsens
(Wolf, 2011).
The main aim of this paper is to confirm whether men

charged with domestic violence show specific features
that differentiate them from the general population, using
several hormonal, cognitive‐affective, and neuropsycho-
logical parameters that stress the T response. For this
purpose, we assume an integrated psychobiological view
that is in consonancewith the workswe are carrying out in
our laboratory (De Andrés‐García et al., 2011; González‐
Bono, De Andrés‐García, & Moya‐Albiol, 2011; Moya‐
Albiol et al., in press). We analyzed the relationship
between hormonal and psychological responses to the
laboratory stressor using psychological and neuropsy-
chological variables—focusing on T and its possible
relationship with psychological response and the feature
variables. We hypothesized that IPV perpetrators would
show higher basal T levels (Soler et al., 2000) and lower C
levels (Moya‐Albiol, 2010) than controls. IPV perpe-
trators would also present cognitive dysfunctions such as
poor cognitive flexibility (Teichner et al., 2001) and poor
recognition of emotions or thoughts (Holtzworth‐Munroe
& Smutzler, 1996), especially for neutral expressions
(Babcock et al., 2008). Finally, we hypothesized that IPV
perpetrators should report lower affective empathy
(Covell et al., 2007) and a masculinized or smaller
2D:4D ratio (Bailey & Hurd, 2005). The 2D:4D ratio
could explain the high levels of sensitivity to T effects
(van Honk et al., 2011) and may predict T changes,
especially in IPV perpetrators. As supported in a previous
study, heightened feelings of anger are related to high T
levels (Herrero, Gadea, Rodríguez‐Alarcón, Espert, &
Salvador, 2010). For this reason, we expect that in both
groups anger feelings will be related with high T levels—
although this relationship could be stronger in IPV
perpetrators than controls due to their violent past.
Additionally, for the reversal relationship between T and
C and its effects on the neuropsychological and empathic
performance, we hypothesized that the neuropsychologi-
cal performance (Wisconsin card sorting test [WCST])
would be positively related with T levels (Muller,
Aleman, de Haan, & van der Schouw, 2005) and
negatively related to C levels (Egeland et al., 2005).
Moreover, emotional recognition (reading the mind in the
eyes) will be negatively related to T levels (van Honk &
Schutter, 2007) and positively related to C levels (Smeets,
Dziobeck, &Wolf, 2009). The analysis of these variables
and their relationships may offer a wider explanation
of the complex phenomenon of domestic violence, and

may delimit differences between categories of IPV
perpetrators.

METHODS

Participants

The final sample was composed of 40 healthy men (19
IPV perpetrators and 21 controls) who participated
voluntarily in the study. IPV perpetrators were recruited
from the community and the psychoeducational treat-
ment programCONTEXTO at the University of Valencia
in Spain where they were serving as mandatory
participants in male abuser programs at the Department
of Social Psychology of the University of Valencia (Lila,
Oliver, Galiana, & Gracia, 2013). The selection criteria
and assessment of candidates have been described in
detail previously (Romero‐Martínez, González‐Bono,
Lila, & Moya‐Albiol, 2013). The average age of the
participants was 37.55 � 1.67 years old; and body mass
index (BMI) 27.37 � 0.55 kg/m2. The inclusion criteria
for controls included: having no organic or mental
illnesses, and having similar anthropometrical and
demographic characteristics to the IPV perpetrators; as
well as not having perpetrated severe violence (defined as
assaulting a partner or other individual outside the home,
or engaging in any severely violent act). Control
individuals were required to provide criminal record
certificates to check that they had no history of violence.
Further, all participants were interviewed by trained
researchers (with extensive experience treating IPV
perpetrators) to assess their mental health. Cohen’s
kappa, used to assess inter‐rater agreement between
qualitative interviewers in the nine psychopathological
dimensions evaluated (the same dimensions as the SCL‐
90‐R), ranged from .67 to .84. Regardless of the objective
SCL‐90‐R results, subjects were considered not to have
any psychopathological signs and symptoms if they
scored less than the mean for their age for each
dimension. Candidates were eligible to participate if
the qualitative interviews and SCL‐90‐R scores con-
firmed they were free of mental illness; three IPV
perpetrators and four controls were excluded because
their results suggested psychological disorders. All
participants were right‐handed and healthy, lived in
Valencia (Spain), and gavewritten informed consent. The
experiment was performed in accordance with the
Helsinki Declaration and approved by the University
of Valencia Ethics Committee.

Procedure

Each subject participated in three sessions that were
carried out at the psychobiology laboratories at the
University of Valencia. In the first session participants
were interviewed in order to identify (and subsequently
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reject) participants who suffered from organic or
psychological diseases. The second session took place
between 4 pm and 7 pm in order to control diurnal
variations of C secretion (Dickmeis, 2009). Participants
were instructed to abstain from eating or brushing their
teeth, as well as caffeine, alcohol, or exercise, and any
drug 2 hr before arriving at the laboratory. All
participants were informed about the fact that they
would provide saliva for hormonal analyses, and that
they would be asked to perform several behavioral tasks.
After arriving at the laboratory participants were
conducted to a room where they signed an informed
consent to participate in the study, and anthropometrical
(height, weight, and 2D:4D digit ratio) and substance
consumption variables (tobacco, drug, alcohol abuse, and
medication) were registered. Before stress exposure
started, two saliva samples for evaluating C and T levels
and three questionnaires for measuring psychological
states (STAI‐T, STAXI, and POMS) were completed.
Participants were then conducted to another noise‐
insulated room with a constant temperature 22 � 1°C
where they carried out an adapted version of the TSST
(Kudielka, Buske‐Kirschbaum, Hellhammer, &
Kirschbaum, 2004). The TSST is a standardized
psychosocial laboratory stressor that consists of prepar-
ing a speech about a specific argument during a brief
preparation period followed by a test period in which
participants deliver a specific argument and then perform
mental arithmetic tasks. In these cases, all participants
had to express their opinion about IPV during 2.5 min—
and interviewers asked a set of related questions during
the final minutes of the participant’s presentation.
Participants then performed an arithmetic task consisting
of subtracting numbers in a constant series, or calculating
simple arithmetical operations such as additions, sub-
tractions, multiplications, and divisions. To increase the
evaluative threat perception, four evaluators of both
genders carried out the TSST and a video camera was
connected during the test (false registration). The whole
procedure included the following periods: baseline,
preparation, anticipatory, task and post‐task; and all the
periods lasted 15 min. Between public speaking task
instructions and the preparation period, two saliva
samples were taken. Furthermore, when the stressor
finished, four saliva samples were collected (þ0, þ15,
þ30, and þ45 min). A second psychological state
measurement was obtained after the psychosocial
stressor, and researchers evaluated the performance
appraisal, perceived stress, and internal and external
attribution. The third laboratory session took place 1 day
after the previous session, and between 10 am and 2 pm to
avoid a fatigue effect due to the working day. In this
session, two neuropsychological tests were administrated,
theWCSTand the reading themind in the eyes (eyes test).

Finally, participants completed a battery of questionnaires
for evaluating psychological trait profiles. Data of C for
two IPV perpetrators was not determined due to
insufficient saliva volume (not enough salivation).
Moreover, three participants reported personal problems
(one IPV and two controls) and could not complete the
eyes test and the WCST.

Appraisal and State Self‐Reports

After the TSST, four questions were assessed to
evaluate task appraisal using a list of four items based on
previous studies (Baggett, Saab, & Carver, 1996; Carrillo
et al., 2001; Moya‐Albiol et al., in press). The first
question refers to satisfaction with performance in the
test. The second concerns self‐appraised performance,
and the third evaluated internal (e.g., personal effort and
physical and technical abilities) and external (e.g., luck)
attribution of the outcome. The final question measured
the degree of stress perceived during the TSST. All of
these questions were answered using a 10‐point Likert‐
type scale.
State anxiety was assessed using the “State‐Trait

Anxiety Inventory” (STAI‐S) (Spielberger, Gorusch,
Lushene, Vagg, & Jacobs, 1983) suitably adapted, which
contains 20 items, ranked on a 4‐point Likert scale. The
reliability coefficient was 0.62.
A Spanish version of the “State‐Trait Anger Expres-

sion Inventory‐2” (STAXI‐2) (Miguel‐Tobal, Casado,
Cano‐Vindel, & Spielberger, 2001) was employed for
measuring state anger. It contained 15 items ranked on a
4‐point Likert scale and distributed into three subscales:
feelings, verbal, and physical expression. To reduce the
number of tests, increase power for effect size, and aid
interpretation within a conceptual framework, state anger
subscales were combined into the single variable
(S‐Ang). Cronbach’s alpha ranged from 0.67 to 0.89.
Mood states were measured using the abbreviated

version of the profile of mood states (POMS) suitably
validated (Fuentes, Balaguer, Meliá, & García‐Merita,
1995). This questionnaire is composed of 29 Likert‐point
items grouped into five subscales (tension, depression,
anger, vigor, and fatigue) with a Cronbach’s alpha higher
than 0.80. All the scales apart from vigor stated negative
mood. A total score was calculated by adding all the
negative scales and subtracting vigor (POMS‐t).

Psychological Trait Profiles

The interpersonal reactivity index (IRI) assesses four
aspects of empathic response (Davis, 1983). We used the
Spanish adaptation (Mestre, Frías, & Samper, 2004),
which includes four subscales (perspective taking,
fantasy, empathic concern, and personal distress) ranked
in a 5‐point Likert scale with reliability coefficients
ranging from 0.56 to 0.70.
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Anger and its expression was measured by an adapted
version (Miguel‐Tobal et al., 2001) of the State‐Trait
Anger Expression Inventory‐2 (STAXI‐2) (Spielberger
et al., 1983). This test is distributed into six subscales:
two for evaluating trait anger (temperament and reaction)
and four for anger expression (anger expression out,
anger expression in, anger control out, and anger control
in). To reduce the number of tests, increase power for
effect size, and aid interpretation within a conceptual
framework, trait anger subscales were combined into a
single variable (T‐Ang). Moreover, a general anger
expression index (AEI) is calculated by adding the scores
of the two expression subscales and subtracting the
scores of the two control scales, and finally adding 36
units to avoid negative scores. The Cronbach’s alpha
ranged from 0.67 to 0.89.

Neuropsychological Measures

The revised version of reading the mind in the eyes
(eyes test) was administered. This task is considered an
advanced theory of mind test that contains 36 black and
white photographs of the eye region of the face of
different actors and actresses. Subjects must attribute the
mental state of the actors. Participants were instructed to
choose which of four words best described what the
person in the photo was thinking or feeling. Scores are
calculated as the total number of correct choices for all 36
photographs (Baron‐Cohen, Wheelwright, Hill, Raste, &
Plumb, 2001).
The revised version of the WCST (Heaton, 1993) was

used to measure cognitive flexibility. Cards must be
sorted until six categories are matched or until all 128
cards are sorted. Cards are matched according to different
criteria such as color, form, and number. After 10
consecutive correct cards are sorted, a new criterion is
instituted without warning.

2D:4D Digit Ratio

The 2D:4D ratio was obtained by taking photocopies
of the palms and fingers of both hands and measuring the
length of the second to the fourth digit from the most
proximal wrinkle in each finger to the tip—using a
calliper for this purpose. The ratio was calculated by
dividing the length of the second by the fourth digit
(Manning et al., 2001).

Hormonal Determination

Saliva was directly collected from the mouth to a glass
tube for T determination using a salivette (Sarstedt,
Rommersdolf, Germany) for C. All saliva samples were
collected in the same order: firstly C, and then T
immediately afterwards. Participants were informed
about the necessity of following the instructions for
saliva sampling in order to obtain valuable data. The

samples were frozen at �20°C until analyzed by
enzimoimmunoassay in the case of T, and radioimmuno-
assay (RIA) in the case of C.
The salivary T (T) appropriate reactive was the “saliva

T Elisa kit” T (Diagnostics BiochemCanada Inc, Canada,
Dorchester, Ontario Canada). Enzimoimmunoassay was
used in its determination. The assay sensitivity was 1 pg/
mL and it was expressed in pmol/L. Good precision was
obtained, with intra and inter‐assay variation coefficients
of 3.98% and 7.98%, respectively.
Salivary C (C) levels were determined by RIA using an

appropriate reactive count‐a‐count C (DPC‐Siemens
Medical Solutions Diagnostics, Bad Nauheim, Germany)
with 0.5 ng/dL sensitivity. All samples were analyzed in
duplicate and the samples of the same subject were
included in the same assay. Although the variation
coefficient necessary for replication was fixed at 8%, the
maximum intra‐ and inter‐assay variation of the
coefficients obtained were 4.3% and 5.2%, respectively.
All the values were expressed in nmol/L.

Data Analysis

It was previously established using the Kolmogorov–
Smirnov statistic (p < .001) that the data was normally
distributed. T‐tests were carried out to check significant
differences between groups (IPVand control men) in age,
BMI, appraisal scores, psychological trait profiles
(STAXI‐2 and IRI), performance in the neuropsycholog-
ical test (WCST and eyes test), and in the 2D:4D ratio.
Effect sizes for the between‐group differences were
calculated using Cohen’s d (Cohen, 1988). Chi square
analyses were performed for alcohol, tobacco, and drugs.
For psychological state responses, repeated‐measures

ANOVAs with “moment” (pre and post) as the within‐
subject factor and “group” as the between‐subject factor
were performed. To analyze T and C responses repeated
ANOVAs were applied, with “moment” (at six levels:
baseline, preparation period, 0, 15, 30, and 45 min after
TSST) as a within‐subject factor, and “group” (IPV and
control) as a between‐subject factor. Greenhouse–
Geisser adjustments for degrees of freedom were
employed. Partial eta squared was reported as a
measurement for effect size. To control for potential
baseline differences in psychological variables, or in the
2D:4D digit ratio, ANCOVAs were carried out using
baseline values, psychological traits, as well as drug, and
tobacco consumption as covariates to see if there were
any differences between the groups. Analysis of the area
under the curve (AUC) enabled a quantification of the
individual’s hormonal response to the stressor to be
calculated according to the widely used trapezoid
formula (Kirschbaum, Kudielka, Gaab, Schommer, &
Hellhammer, 1999; Pruessner, Kirschbaum,Meinlschmidt,
& Hellhammer, 2003; Stalder, Evans, Hucklebridge, &
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Clow, 2011). Partial AUC were performed considering
only the different times before the final measurement. To
achieve this, differences between each of the five hormonal
values (preparation period and 0, 15, 30, and 45 min after
TSST) and the baseline level were added and this resulted
in one AUC.
To show possible psychological manifestations of

hormonal differences/changes that may be indicative of
risk for IPV Pearson or Spearman correlation tests were
performed where appropriate to examine relationships
between. Moreover, a stepwise regression following the
Aiken and West (1991) methodology was used. The
interaction effects between the group and the psycho-
logical state variables for T or C response to stress were
tested. We entered T AUC as a dependent variable, in
Step 1 we entered group as a covariate, in Step 2 we
entered a psychological baseline, and in Step 3 we
entered the interaction between both. The same
procedure was repeated for T baseline, C AUC and C
baseline.
Data analyses were carried out using SPSS 17.0

software (SPSS® Statistics). Statistical significance was
accepted for p values �.05; whereas a tendency to

significance was considered as p values �.08. Average
values in the tables are expressed as mean � SEM.

RESULTS

Participant Characteristics and Psychological
Trait Profiles

Descriptive characteristics and psychological trait
profiles for the IPV and controls are presented in
Table I. Groups did not differ in age or BMI. The IPV
men showed a lower left‐hand 2D:4D digit ratio than the
controls (t ¼ �1.93, p < .06, d ¼ .80), although these
differences were not replicated in the right hand.
Differences in tobacco consumption, alcohol, and drug
abuse (x2(1) ¼ 16.85, p < .05; x2(1) ¼ 7.80, p < .01,
and x2(1) ¼ 4.91, p < .05, respectively) were recorded
with more IPV than control men using these substances.
There were no differences in drug use.
Regarding psychological trait profiles, IPV perpetra-

tors showed lower scores in perspective taking and higher
scores in the IRI personal distress scales (t ¼ �2.10,
p < .05 and t ¼ 2.99, p < .01, respectively) and in
anger control in the STAXI‐2 subscale (t ¼ 2.15,

TABLE I. Mean � SEM of Descriptive Characteristics, and Psychological Trait Profiles for IPV Perpetrators and Controls

IPV men (n ¼ 19) Control (n ¼ 21)

Age (years) 38.00 � 3.13 35.80 � 1.47
BMI (kg/m2) 26.97 � 0.80 27.55 � 0.63
Left 2D:4D ratio (t) 0.96 � 0.04 0.99 � 0.01
Right 2D:4D ratio 0.96 � 0.03 0.96 � 0.04
Stroke Yes 0 (0%) Yes 0 (0%)

No 19 (100%) No 21 (100%)
Diabetes Yes 0 (0%) Yes 0 (0%)

No 19 (100%) No 21 (100%)
Thyroid illnesses Yes 0 (0%) Yes 0 (0%)

No 19 (100%) No 21 (100%)
Smoker� Yes 15 (79%) Yes 3 (14%)

No 4 (21%) No 18 (86%)
Drug abuse�� Yes 6 (32%) Yes 0 (0%)

No 13 (68%) No 21 (100%)
Alcohol abuse� Yes 4 (21%) Yes 0 (0%)

No 15 (79%) No 21 (100%)
Drug Yes 3 (16%) Yes 4 (19%)
Non‐psychiatric No 16 (84%) No 17 (81%)
Anxiolytic Yes 3 (16%) Yes 0 (0%)

No 16 (84%) No 0 (0%)

STAXI‐2 anger expression in 11.00 � 0.70 10.19 � 0.47
STAXI‐2 anger expression out 9.05 � 0.54 9.10 � 0.48
STAXI‐2 anger control in� 17.42 � 1.06 14.24 � 1.03
STAXI‐2 anger control out 18.37 � 0.86 19.48 � 0.92
STAXI‐2 AEI 20.26 � 10.00 21.57 � 8.01
STAXI‐2 T‐Ang 3.82 � 2.09 3.24 � 2.27
IRI perspective taking� 16.00 � 1.00 25.75 � 0.76
IRI empathic concern 24.21 � 0.71 23.05 � 0.61
IRI personal distress�� 16.00 � 0.93 12.50 � 0.70
IRI fantasy 17.58 � 0.92 18.35 � 0.82

�p < .05; ��p < .01 (t), p < .06.
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p < .05) than controls, whose effect sizes were 0.78 and
0.79, respectively.

Neuropsychological Variables

Data from the eyes test and WCST is presented in
Table II. IPV perpetrators obtained a worse performance
in the eyes test than the controls (t ¼ �2.08, p < .05,
d ¼ 0.87). When the eyes test was distributed by gender,
IPV perpetrators obtained lower scores in eye recognition
(t ¼ �3.22, p < .01, d ¼ 1.04), but groups did not
differ in recognition of women’s eyes.When classified by
emotional meaning, IPV perpetrators obtained lower
scores in neutral emotions than the controls (t ¼ �2.31,
p < .05, d ¼ 0.94).
Regarding WCST performance, IPV perpetrators

completed fewer categories (t ¼ �4.92, p < .01,
d ¼ 1.60) and committed more total (t ¼ 4.99,
p < .01, d ¼ 1.62), perseverative (t ¼ 2.63, p < .01,
d ¼ 0.85), percentage of perseverative (t ¼ 2.52,
p < .01, d ¼ 0.82) and non‐perseverative errors
(t ¼ 3.52, p < .01, d ¼ 1.14) and had lower learn‐to‐
learn scores (t ¼ �5.10, p < .01, d ¼ 1.65) than
controls. Additionally, IPV perpetrators used more trials
than control participants (t ¼ 4.43, p < .01, d ¼ 1.44).

Stress Responses
Appraisal scores and psychological state

profiles. IPVperpetrators scored similar appraisal scores
to controls in satisfaction (5.01 � 1.73 and 5.78 � 1.83,
respectively), internal (5.41 � 1.45 and 5.47 � 2.19,
respectively), and external control index (4.58 � 1.45 and
4.52 � 2.19, respectively); but IPV perpetrators perceived
the TSST as less stressful than controls (3.41 � 2.49 and
5.57 � 2.38, respectively; p � .01). For this reason, it was
covariate in the ulterior analysis.

Basal and post‐test psychological state scores are
presented in Table III. For anxiety, a significant effect of
“moment” and “group � moment” interaction was
found (F(1, 38) ¼ 22.01, p < .01, h2

p ¼ 0:37); F(1,
38) ¼ 10.36, p < .01, h2

p ¼ 0:21), respectively). Al-
though both groups increased their states of anxiety after
the task, it was lower in the case of IPV perpetrators. No
additional effects were obtained after including per-
ceived stress, or tobacco consumption and drugs as
covariates.
As in the case of anxiety, the laboratory stressor was

shown to be efficient for eliciting mood alterations, since
the factor “moment” was significant in tension and anger
subscales, as well as in the total score (F(1, 38) ¼ 5.41,
p < .05, h2

p ¼ 0:13; F(1, 38) ¼ 4.01, p < .05, h2
p ¼

0:10; F(1, 38) ¼ 23.99, p < .01, h2
p ¼ 0:39, respective-

ly). Additionally a tendency to significance for the vigor
subscale was found (F(1, 38) ¼ 3.28, p < .08, h2

p ¼
0:08). All participants experienced worse moods after the
task. Moreover, a significant effect for the “group �
moment” interaction was found in the total score
(F(1, 38) ¼ 4.70, p < .05, h2

p ¼ 0:09) and a tendency
to significance in the anger subscale (F(1, 38) ¼ 3.17,
p < .08, h2

p ¼ 0:07). Although both groups increased
their scores in anger and total mood after the task, it was
lower in the case of IPV perpetrators. The same results
were obtained after including the perceived stress or
alcohol, drug, and tobacco consumption during the TSST
as a covariate, although an additional effect for the
“group � moment” interaction was found in the depres-
sion subscale (F(1, 38) ¼ 4.98, p < .05, h2

p ¼ 0:12). In
this case, whereas IPV perpetrators decreased depression
after the TSST, control participants increased their scores
in this subscale.

TABLE II. Mean � SEM of Neuropsychological Variables (Eyes Test and WCST)

IPV men (n ¼ 17) Control men (n ¼ 19)

Eyes test� 21.5 � 1.37 24.89 � 0.88
Eyes test (men eyes)�� 10.44 � 0.66 13.27 � 0.57
Eyes test (women eyes) 11.07 � 0.92 11.63 � 0.49
Eyes test (positive emotions) 4.67 � 0.36 5.11 � 0.45
Eyes test (negative emotions) 7.50 � 0.82 8.63 � 0.39
Eyes test (neutral emotions)� 9.33 � 0.60 11.16 � 0.51
WCST total trials�� 118.28 � 4.45 88.68 � 4.08
WCST correct answer 70.89 � 2.99 70.73 � 2.21
WCST total mistakes�� 48.00 � 5.24 17.89 � 2.15
WCST perseverative mistakes�� 13.78 � 4.37 1.95 � 0.36
WCST non‐perseverative mistakes�� 34.16 � 4.24 16.26 � 2.03
WCST perseverative mistakes (%)�� 16.22 � 5.79 2.05 � 0.47
WCST failure to maintain set 1.57 � 0.34 0.79 � 0.34
WCST trials to complete the first category 14.57 � 1.81 15.05 � 2.17
WCST number of categories�� 3.56 � 0.47 6.00 � 0.00
WCST conceptual level 7.50 � 0.77 6.89 � 0.48
WCST learn to learn�� 3.22 � 0.56 6.00 � 0.00

�p < .05; ��p < .01.
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When analyzing anger, a significant effect for the
“group � moment” interaction in the feeling subscale
was found (F(1, 38) ¼ 7.83, p < .01, h2

p ¼ 0:17) that
decreased in IPV perpetrators and increased in controls.
Furthermore, the factor “group” proved to be significant
in the case of physical expression of anger (F(1,
38) ¼ 4.05, p < .05, h2

p ¼ 0:09), and almost significant
in verbal expression (F(1, 38) ¼ 3.64, p < .06,
h2
p ¼ 0:15) with IPV perpetrators presenting higher

scores in both subscales. No additional effects were
obtained after including perceived stress or alcohol, drug,
and tobacco consumption as covariates.
Hormonal responses. For T, the laboratory

stressor proved to be efficient for eliciting T changes,
since the factor “moment” showed a tendency towards
significance (F(2.86, 108.59) ¼ 2.47, p < .07, h2

p ¼
0:06). After dividing the sample by groups the factor
“moment” was significant for IPV perpetrators and
controls (F(2.40, 43.26) ¼ 2.70, p < .05, h2

p ¼ 0:13; F
(3.03, 60.60) ¼ 2.89, p < .05, h2

p ¼ 0:13, respectively).
Additionally, a tendency towards significance for the
“group � moment” interaction was found; F(2.86,
108.59) ¼ 2.55, p < .06, h2

p ¼ 0:07). Differences be-
tween IPV perpetrators and controls in T baseline values
were not found and so there was no reason to include
covariates. After including perceived stress during the
TSST as a covariate, the interaction reached statistical
significance (F(2.83, 104.79) ¼ 2.68, p < .05, h2

p ¼
0:10). Post‐hoc analyses showed that IPV perpetrators
had higher T levels in speech preparation and post‐task
periods than controls (for both p < .05; Fig. 1). Although
groups did not differ in the total T AUC in both partial
AUCs (from baseline to anticipatory and from baseline to
0 min after the stressor) significant differences between
groupswere foundwhen perceived stress was included as
a covariate (F(1, 40) ¼ 5.16, p < .05, h2

p ¼ 0:12; F(1,
40) ¼ 4.16, p < .05, h2

p ¼ 0:10, respectively). IPV
perpetrators obtained lower T AUC. The same results
were obtained after including alcohol, drugs, and tobacco
consumption as covariates.

In the C case, the laboratory stressor proved to be
efficient in eliciting C changes, but only the “moment”
was significant in controls (F(1.56, 31.28) ¼ 2.65,
p < .05,h2

p ¼ 0:12). No differences were found between
groups in C baseline values and so there was no reason to
introduce covariates. No significant effects in the case of
C levels or the CAUCswere found in any case. Although
not significantly, IPV perpetrators showed a less
pronounced increase in C levels after the task and until
30 min post‐task than the controls (Fig. 2). When C
response was analyzed separately, only in the case of
controls was there a significant decrease in C levels
between baseline and the preparation period (F(1,
20) ¼ 11.47, p < .05, h2

p ¼ 0:29); while an increase
between the preparation period and 15 min post‐task was
found (F(1, 20) ¼ 6.97, p < .05, h2

p ¼ 0:21). The same
results were obtained after including alcohol, drug, and
tobacco consumption as covariates.

Relationships Between Variables
Relationships between WCST, eyes test, IRI,

psychological state scores, and 2D:4D ratio for
all participants. The relationships between the
variables were summarized in Table IV. In addition,
only in the case of IPV perpetrators were the right 2D:4D

TABLE III. Mean � SEM of Psychological States Before and After Task

IPV (n ¼ 19) Control (n ¼ 21)

Before task After task Before task After task

STAI‐S� 18.16 � 1.79 19.84 � 1.58 14.48 � 1.62 23.52 � 2.40
POMS depression 1.68 � 0.71 1.26 � 0.53 0.57 � 0.32 0.71 � 0.29
POMS tension 4.95 � 0.96 5.42 � 0.73 4.57 � 0.75 6.48 � 0.81
POMS(t) anger 1.32 � 0.65 1.37 � 0.69 0.33 � 0.16 1.24 � 0.40
POMS vigor 13.26 � 1.09 12.68 � 1.16 13.48 � 0.76 12.57 � 0.93
POMS fatigue 1.37 � 0.54 1.37 � 0.51 1.38 � 0.36 1.62 � 0.43
POMS� total �3.94 � 2.37 0.68 � 1.39 �6.62 � 1.39 4.09 � 1.09
STAXI‐2�� S‐Ang 5.53 � 0.17 5.31 � 0.69 5.08 � 0.18 5.30 � 0.54

�p < .05; ��p < .01 (t), p < .06.

Fig. 1. T levels for IPV perpetrators and control men.
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ratios negatively correlated to T AUC (r ¼ �.521,
p < .05) and positively to the eyes test (r ¼ .571,
p < .05).
Relationships between WCST, eyes test, IRI

and psychological state scores with T and C
baseline and AUCs for IPV perpetrators and
controls. The relationships between these variables
were summarized in Table V for IPV perpetrators and
controls.
Thus, significant correlations between these variables

were formally tested in hierarchical multiple regressions
separately in order to analyze the existence of specific
relationships between these variables in both groups.
Nonetheless, no significant and specific models for those
interactions were found.
Moreover, alcohol, drug, and tobacco consumption

included as covariates did not show significant effect on
the hierarchical models or predictions.

DISCUSSION

After presenting the TSST, IPV perpetrators experi-
enced decreases in T levels, a moderate worsening of
mood, slight anxiety, and a C level increase. Moreover,
when basal Twas higher, it was relatedwith high levels of
anger and anxiety and worse mood. However, that basal
mood does not significantly alter T levels in response to
stress. Furthermore, only in controls high cognitive
empathy was associated with a better baseline mood and
low anger and anxiety. On the other hand, poor executive
performance was related with poor empathic skills. With
respect to neuropsychological and cognitive empathic
features, IPV perpetrators showed poor executive
performance and emotional recognition. For emotional
empathy, IPV perpetrators showed higher personal
distress than controls. Nonetheless, only in controls
better emotional decoding process was related to better
cognitive empathy. The 2D:4D ratio was lower in IPV
than in controls. In addition, in IPV perpetrators a smaller T
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Fig. 2. C levels for IPV perpetrators and control men.
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2D:4D ratio was related with large increases in T in
response to stress and poor emotional recognition.
The stressor increased anxiety andC levels, diminished

T levels, and produced a worsening of mood in both IPV
and controls. This emphasizes that differences are not due
to a different emotionally charged topic of the TSST. In
addition, controls experiencedmore perceived stress than
IPV perpetrators and this indicates that they were
emotionally involved in the task.
In the general population, the TSST usually induces

decreases in T levels, increases in C levels and anxiety,
and a worsening of mood (Dickerson, Gruenewald, &
Kemedy, 2004; Heinz et al., 2003). However, the
relationship between acute psychosocial stress and
changes in T levels has not been frequently studied.
This diminution is clear in competitive situations or
during physical stress (Schoofs & Wolf, 2011) but not in
other contexts. No studies on this subject have been
carried out on IPV perpetrators. In the present test,
controls and IPV perpetrators showed these modifica-
tions after the TSST.
Our result does not refute the data in the literature that

is mainly based on the analysis of baseline T. Those
males with higher levels of androgens demonstrated
greater increases in anger and aggressive response to
threatening stimuli than non‐violent men (George
et al., 2001; Moya‐Albiol, 2010). Moreover, increases
in T levels and in feelings of anger after an exposition to
an anger‐induction procedure was described in a non‐
violent population (Herrero et al., 2010). Although our
data does not support T differences at baseline, IPV
perpetrators with high levels of anger and anxiety and
worse mood showed high basal T levels. Thus, when
basal Twas higher, a high anger response to stress did not
significantly alter T levels in response to stress. For this
reason, IPV perpetrators could perceive the TSST as
threatening or hostile in itself. This, in turn, could mean
that they adopt a defensive position with smaller T
responses. For that, the negative emotional reactivity of
the IPV perpetrators drives most of the differential
responding to stress.
Changes in T levels and the magnitude of response

were similar as both groups showed a negative response
to acute stress. However, IPV perpetrators experienced
greater decreases in their T levels between the baseline
and preparation period than control participants. This
result may explain their anticipatory response to
psychosocial stress. Moreover, during the preparation
period and 0 min after task, IPV perpetrators showed
greater T levels than controls. Therefore, IPV perpe-
trators and control menmay have the same fluctuations in
T levels—but occurring in different ways. Nevertheless,
it would be necessary to conduct more studies to assess
whether these participants have an abnormal metabolismT
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of T (George et al., 2001), higher T levels (Soler
et al., 2000), or more sensitivity to activation T effects
(Pope et al., 2000). Indeed the 2D:4D ratio could be an
indicator of this and so exposure to high T levels in the
womb could increase the sensitivity to androgen in
adulthood (van Honk et al., 2011) and facilitate physical
aggression in men (Bailey & Hurd, 2005). In IPV
perpetrators, the 2D:4D ratio of the left hand was smaller
than controls. For this reason, our results support
previous research because the 2D:4D ratio of both hands
has been used as index of masculinization (Bull &
Benson, 2006; Romero‐Martínez et al. 2013). Therefore,
IPV perpetrators may have been exposed to high prenatal
T levels (Manning et al., 2001) and may also present an
increased genetic sensitivity (Manning et al., 2003). As
described in clinical populations for the case of men with
fertility problems, the 2D:4D ratio is related to circulating
levels of T (Manning, Scutt, Wilson, & Lewis‐
Jones, 1998). In our study, the 2D:4D ratio predicted
substantial changes in T and poor emotional recognition
only in IPV perpetrators—which may reinforce the
sensitivity to T.
The TSST produced significant increases in C levels in

controls but not in IPV perpetrators. This response is
frequent and has been replicated in many populations,
which could indicate that IPV perpetrators are less
reactive to psychological stress when related to domestic
violence. The slight changes in C levels in IPV
perpetrators in comparison with controls may suggest
hypoactivity of the HPA axis, which has been associated
with aggression and other behavioral problems in violent
participants (Gordis, Granger, Susman, & Trickett, 2006).
These results may be explained by a habituation effect
(Kudielka et al., 2006) due to the fact that IPV perpetrators
reported a low level of perceived stress, anxiety, and a
slight worsening of mood. This issue could be the product
of repeated exposures to psychosocial stressors during
discussions with their partners.
Although it has been suggested that the interaction

between high T and low C may facilitate aggressive
behavior (Carré & Mehta, 2011), in our study T and C
were not directly related. It is therefore important to
consider the interactions between hormonal parameters
and the cognitive system and how these interactions could
predispose to violent behavior (Pinto et al., 2010).
Our data does not support that IPV perpetrators may

have a more hostile temperament. Indeed, they tend to
describe themselves in interviews and questionnaires in a
correct and socially acceptable way (Saunders, 1991).
They also describe themselves as people with high levels
of external control of anger. In our study, IPV
perpetrators showed high levels of control of anger,
possibly because their anger reactions are reduced to the
domestic domain. In addition, it has been hypothesized

that there are different types of offenders according to
their empathetic capacities (Covell et al., 2007). The IPV
perpetrators analyzed in our study have an impaired
capacity to understand the thoughts and emotions of
others (cognitive empathy)—but are able to feel
compassion for others (emotional empathy). Behind
the reduced capacity to understand thoughts and
emotions and predict the behavior of others may lay
deficits in cognitive components involved in empathy
(Tirapu‐Ustárroz et al., 2007). Our results lead us to
believe that the deficit could be in emotional stimuli
decoding, especially in those stimuli with a neutral value.
In this sense, a previous study suggested that a significant
percentage of IPV perpetrators may have these deficits
(Babcock et al., 2008). IPV perpetrators may misunder-
stand and attribute hostile connotations to neutral stimuli
and this increases the likelihood of behaving aggressively
(Holtzworth‐Munroe & Smutzler, 1996) if they believe
that their partners maligned or blamed them. Our study
revealed that IPV perpetrators lacked cognitive empathy
but not emotional empathy. However, the eyes test
(emotional decoding process) was statistically related to
the perspective taking (cognitive empathy) score. That
result, although was found only in controls, reinforced
the importance of the decoding process for the ToM. As
proposed by Covell et al. (2007), this type of IPV
perpetrator may feel remorse after perpetrating violent
acts. This effect and empathic abilities may be modulated
by endogenous T levels. The administration of exoge-
nous T in non‐violent men produced a higher emotional
salience of stimuli associated with such hostility;
increasing the probability of displaying anti‐social
behavior (van Honk & Schutter, 2007). Rises in
endogenous levels resulted in a decrease in empathic
abilities (Hermans, Putman, & van‐Honk, 2006). Hence,
those results were supported by our results as high Twas
related to low empathic abilities. Impairments in empathy
were analyzed separately and the relationship with other
neuropsychological alterations has not yet been studied.
ToM deficits in several diseases such as autism and
Asperger syndrome may occur with deficits in executive
functions (Baron‐Cohen, 2010). Nevertheless, patients
with organic frontal lobe damage presented impairments
in both functions, and both executive and empathic
deficits were relatively independent (Rowel, Bullock,
Polkey, & Morris, 2001) and could coexist without
apparent causal connection. However, our results
supported the hypotheses that both deficits may be
related. Hence, this kind of deficits could difficult the
socialization and reintegration processes of IPV
perpetrators.
Mental flexibility and/or problem‐solving abilities in

terms of WCST revealed that IPV perpetrators may have
a reduced ability to learn from their mistakes and a certain
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degree of mental rigidity, a result that has already been
obtained (Pinto et al., 2010). These potential cognitive
characteristics could explain the persistence of sexist
stereotypes that frequently appear in IPV perpetrators
(Ministry of Interior, Technical General Secretary, 2010).
Behind the relationship between worse WCST perfor-
mance and the increase in physical and verbal hostility
may lay impairments in the PFC that are involved in
anger and frustration regulation (Koenings et al., 2007).
Sexist cognitive schemas combined with potential
empathic deficits could constitute an idiosyncratic
processing system for ambiguous stimuli that induces
violent behavior. However, the activation effects of
androgens on cognition should be considered. Decreases
in endogenous levels of T may underlie impairment of
several cognitive abilities. Nevertheless, studies analyz-
ing this aspect were conducted in men with symptoms
and signs of andropause, and/or endocrine disorders
(Beauchet, 2006). To our knowledge, no studies have
analyzed this relationship in violent adult men. However,
our results did not reveal a direct relationship between T
changes and WCST performance. It seems then that the
relationship is clearer between T and empathy and its
cognitive processes.
Finally, we must point out that alcohol, cocaine, and

marijuana may contribute to the observed differences
between groups. A smaller or masculinized 2D:4D ratio,
such as that of our IPV perpetrators, could be an indicator
of the adoption of reckless behavior, such as alcohol or
other drug abuse (Kornhuber et al., 2011). Despite the
fact that not all men involved in domestic violence use
alcohol or other toxics, a large percentage of men attack
their partners under the effects of these substances (Pinto
et al., 2010). Alcohol consumption has been linked with
both the maintenance and facilitation of domestic
violence (Hines & Douglas, 2011) and could act as an
accelerator of violence (Fals‐Stewart, 2003); or as a
negative reinforcement that mitigates the negative
emotions and so entails the perpetuation of violence
(Simons, Gaher, Jacobs, Meyer, & Johnson‐Jimé-
nez, 2005) given that the perpetrators analyzed in this
study might express remorse after committing a violent
act. The current model for this phenomenon goes by the
name of the Myopic Model (Steele & Josephs, 1990)
which states that alcoholic intoxication worsens attention
capacities and/or information processing. Therefore the
quantity of stimuli the subject is able to process decreases
and this facilitates a violent reaction (Giancola, Duke, &
Ritz, 2011). This means that other cognitive‐affective and
neuropsychological factors, in direct or indirect interac-
tion with T, should be considered in order to offer an
explanation for domestic violence.
One limitation of the study was the small sample size,

and so our study can be considered as a preliminary

approach to the analyzed subject. Although the groups
differed in several variables such as alcohol, drug, and
tobacco consumption, these variables were statistically
controlled. Nevertheless, this research was interesting
enough to offer some valuable results. Future research
may replicate these findings after evaluating a larger
sample of IPV perpetrators. Additionally, other variables
such as immunity or cardiovascular responses should be
included. Our data is relevant and novel as no studies
have previously analyzed the psychological and hor-
monal responses to psychological stress as related to
domestic violence in a laboratory context. It would be
useful to analyze other subsamples of IPV perpetrators as
this would enable a better understanding of a phenome-
non as complex as domestic violence.
In conclusion, this study shows that T could be an

indirect modulator of aggressive behavior through its
effects on the processing of cognitive‐affective informa-
tion. Furthermore, the psychological response might be
better explained by cognitive variables than by fluctua-
tions in hormonal levels in IPV perpetrators. Moreover,
the negative emotional reactivity of IPV perpetrators
drive most of the differential responding to stress. Our
data must be considered together with previous reports
related to mental health that were assessed qualitatively
by trained researchers, the objective reports obtained by
SCL‐90 scores, and the participants’ court records to
assess any history of violence.We suggest that endocrine,
psychological, and neuropsychological specific biases
should be included in the “family‐only” (FO) type, as
proposed by Holtzworth‐Munroe and Stuart (1994), for
individuals whose violent behavior is confined to the
home. IPV perpetrators normally behave in a non‐
aggressive way in non‐domestic contexts. Babcock et al.
(2004) proposed that a biopsychosocial model may
increase our knowledge of violent behavior in IPV
perpetrators. These results could benefit rehabilitation
programs designed for abusers that employ a communi-
tarian and psychotherapeutic perspective focused pri-
marily on changing beliefs, biases, and/or cognitive
distortions of offenders. Hormonal parameters and
neuropsychological variables indicate the need to use
cognitive‐affective functions in impaired rehabilitation
programs, and even raise the possibility of admission
criteria to these programs for participants who may
change or learn new behavioral patterns.
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