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Hud konduktans Rädslobetingning och Psykopatiska Personlighetsdrag 

En Tvilling studie 

Sammanfattning 

Tidigare studier har visat på sambandet mellan oräddhet, psykopati, 

aggressivitet och antisocialt beteende. Denna studie undersökte 

fenotypiska och genetiska relationer mellan komponenter i the skin 

conductance fear conditioning task och i psykopatiska 

personlighetsdrag. Data hämtades från den longitudinella studien; 

Tvillingstudie om riskfaktorer för antisocialt beteende (RFAB) vid 

University of Southern California och data från pågående tillfälle 5 

inkluderades i studien. Resultatet visade på betydelsen av både 

genetiska och icke-gemensamma miljö influenser förklarade variansen 

i obetingad respons. I överensstämmelse med tidigare forskning 

visade resultaten att individer som visade på högre nivåer av 

manipulativt och svekfullt beteende också uppvisade större brister i 

rädslobetingelser. 

 

Nyckelord: Hud konduktans, rädslobetingelser, obetingad respons, 

psykopati, tvillingstudier 

 

Criminology C, Fall 2014. Advisor: Catherine Tuvblad 
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Skin Conductance Fear Conditioning and Psychopathic Personality Traits 

A Twin Study 

Abstract 

Previous studies have shown a relationship among fearlessness, 

psychopathy, aggression and antisocial behavior. This study examined 

the phenotypic and genetic relationships among components of the 

skin conductance fear conditioning task and psychopathic personality 

traits.  Data were retrieved from a longitudinal study; the Twin Study 

of Risk Factor for Antisocial Behavior at the University of Southern 

California. The present study included data from the ongoing Wave 5. 

Results indicated the importance of both genetic and non-shared 

environmental influences in explaining the variance in the 

unconditioned response. Consistent with previous research, the results 

showed that individuals who displayed higher levels of manipulative 

and deceitful traits also showed deficits in fear conditioning.  

 

Keywords: Skin conductance, fear conditioning, unconditioned 

response, psychopathy, twin study 
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Skin Conductance Fear Conditioning and Psychopathic Personality Traits: 

A Twin Study 

  Psychopathic personality is characterized by a constellation of traits including 

interpersonal-affective features (e.g., lack of affect, guilt and emotion) and antisocial 

tendencies (e.g., impulsivity and aggression) (Tuvblad, Bezidjian, Raine & Baker, 2014). 

Previous research has shown that individuals with a limited sense of fear are less likely to be 

associating an antisocial or rule-breaking act with later punishment (Gao, Raine, Venables, 

Dawson & Mednick, 2010).  Related to this is the fact that individuals with psychopathic 

personality traits have been found to experience fear to a lesser extent than individuals 

without psychopathic personality traits (Kubak & Salekin, 2009). This indicates that 

individuals with psychopathic personality traits would show a reduced fear conditioning 

response (Gao et al 2010). The aim of the present study is to examine the phenotypic and 

genetic relationships among components of the skin conductance fear conditioning task and 

psychopathic personality traits.  

Fearlessness and Stimulation Seeking Theories 

 Fearlessness theory posits that individuals who experience decreased arousal also 

experience a reduced level of fear. Studies have shown that children who lack fear may 

develop a reduced social capacity later in life due to their limited ability to avoid punishment 

and are therefore at an increased risk for antisocial behavior (Raine, 2002; van Goozen, 

Snoek, Matthys, van Rossum & van Engeland, 2004). Antisocial behavior is an umbrella term 

that broadly includes rule-breaking behavior, delinquent/criminal behavior, and aggression 

(Tuvblad & Beaver, 2013).  Further, both low resting heart-rate and skin conductance have 

been found to be related to fearlessness, psychopathy and antisocial behavior (Raine, 2002; 

Wilson, & Scarpa, 2012; Portnoy et al, 2014).  Low resting heart-rate and skin conductance 

are linked to the autonomic nervous system which regulates the body’s involuntary responses 
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such as heart-rate, sweat glands and respiratory rate (Totton, 2006; Raine, Venables & 

Williams, 1996). Low activity in the autonomic nervous system will be evident as low skin 

conductance activity and low resting heart-rate, which in turn are linked to antisocial behavior 

(Portnoy et al, 2014; van Bokhoven, Matthys, van Goozen & van Engeland, 2005). Thus, 

individuals with a less sensitive autonomic nervous system lack feelings of shame, guilt and 

fear and are therefore more difficult to socialize. Whereas individuals that have a hyper-

responsive autonomic nervous system are believed to be more anxious and nervous. That is, 

an individual with a more unresponsive autonomic nervous system will be more difficult to 

socialize as this person will experience little shame, fear and guilt. Accordingly, to have a 

hyper-responsive autonomic nervous system would then be a protective factor against 

antisocial behavior (Walsh & Hemmens, 2010). 

 Stimulation seeking theory on the other hand, argues that individuals with low arousal 

is experiencing a physiological discomfort and therefor tries to regulate the level of arousal to 

a normal level or to the absolute maximum. This physiological discomfort is hypothesised to 

result in an individual engaging in risky behaviors (Wilson & Scarpa, 2014). According to 

stimulation-seeking theory, this explains the relationship between stimulation-seeking and 

aggression (Wilson &Sharpa, 2014) as well as the link between stimulation-seeking and 

psychopathy (Salekin, 2002). Thus, individuals with psychopathic personality traits easily get 

bored and that drives them to seek out stimulation events which in turn manifest themselves 

in antisocial behavior (Edens, J. F., Skeem, J. L., Cruise, K. R., & Cauffman, E. 2001). 

Individuals who commit antisocial acts can therefore be seen as stimulation-seeking because 

these acts are conducted in their pursuit for a higher arousal level (Raine, 2002). In summary, 

individuals who have low arousal and lack fear and anxiety, are more likely to engage in risky 

and antisocial behaviors according to fearlessness- and stimulation-seeking theory.   

Skin Conductance during the Fear Conditioning Task  
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 Some individuals are more stimulation-seeking and have lower psychological arousal 

levels and this is a risk for antisocial behavior (Raine, 2002; Tuvblad, et al, 2011). Further, 

skin conductance activity is an autonomic rebound to the stimuli that are available and which 

arise in the human environment (Dawson, Schell & Filion, D. L., 2007). When individuals 

encounter new events that they have never experienced before, the new event will be 

processed and saved in the short-time memory as a template (Öhman, 1979; ref in Tuvblad et 

al, 2011). If a similar event occurs, this event will be compared with previous experiences in 

the short-time memory and since the event will be recognized it will not elicit an increased 

physiological arousal or an orienting response. However, if the event is not consistent with 

previously events in the template it will lead to an increase in the arousal and an orienting 

response will occur (Tuvblad et al, 2011). 

There are many factors that could influence skin conductance activity. For instance 

fear, pain, sexual excitement as well as anger are some of those factors. The stimuli that affect 

any of these factors increase the activity of the sweat glands on the palmar surface on the 

hand. The increased activity of the sweat glands in turn leads to an increase in electrical 

conductivity. Control of this activity takes places in the brain; in the central nervous system 

(Dawson et al, 2007). Individuals with reduced skin conductance are hypothesized to have 

damaged the prefrontal region of the brain and that this in turn leads to a lower arousal. The 

consequences of this are that these individuals become more rule breaking, aggressive, 

disinhibited as well as stimulation-seeking (Raine, 2002). Both antisocial children as well as 

individuals who are displaying higher levels of psychopathic personality traits and criminal 

behavior show reduced skin conductance (Raine et al, 1996).   

In classical Pavlovian conditioning task the individual is presented by a neutral 

stimulus, a non-aversive tone (conditioned stimulus, CS) which is followed by for example an 

electric shock (the unconditioned stimulus, UCS). After a number of completed rounds of CS 
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followed by USC, the skin conductance is measured, and a greater response to CS indicates 

greater response in conditioning.  Classical conditioning is important for theories explaining 

antisocial and aggressive behavior. Classical conditioning aims at explaining why some 

individuals do not experience an increased response to CS followed by USC. This lack of 

responsiveness due to the lack of fear and anxiety has been found to be related to antisocial 

and aggressive behavior (Gao, Tuvblad, Shell, Baker & Raine, 2014). 

 To date, there have only been a few twin studies examining how genetic and 

environmental factors influence components of the skin conductance fear conditioning task. 

For example, fear conditioning data were collected among 173 same-sexed Swedish twin 

pairs between the ages 25 to 38 years.  The sample consisted of 90 monozygotic (MZ) pairs 

and 83 dizygotic (DZ) pairs distributed among 62 male couples and 111 female couples. All 

components of the skin conductance fear conditioning task were found to be heritable, with 

heritability estimates ranging from 35% to 45%. The remaining variances were explained by 

non-shared environmental factors.  No sex differences were found in the genetic and 

environmental variance components, meaning that the magnitude of the genetic and 

environmental factors was the same in males and females (Hettema, Annas, Neale, Kendler & 

Fredrikson, 2003).  Hettema et al later re-analyzed the data using a different methodological 

approach and found similar results (Hettema et al, 2008).  With the present paper we wanted 

to expand on these findings by Hettema et al by investigating to what extent genetic, shared 

environmental, and non-shared environmental factors influence components of the skin 

conductance fear conditioning task. 

Psychopathic Personality Traits and Fear Conditioning 

Individuals with psychopathic personality traits are often described as being 

manipulative, aggressive, impulsive and to show antisocial tendencies. These individuals 
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typically fail to experience anxiety, feelings of remorse and they lack empathy (Tuvblad et al, 

2014). Less than 1% of the male community population is assumed to be psychopaths but 

these individuals are believed to be responsible for more than 50% of all serious crimes 

(Blair, Mitchell & Blair, 2007, Hare, 2003, Neumann & Hare 2008). 

Several studies have shown an association between fearlessness and psychopathic 

personality traits both in youth and adults (Kubak & Salekin, 2009; Sylvers, Brennan & 

Lilienfeld, 2011; Gao et al, 2010). For example, boys displaying antisocial behavior who had 

higher levels of psychopathic personality traits showed deficits in fear unlike those with non-

psychopathic personality traits. There is also evidence that psychopathic personality traits and 

fearlessness can be identified early in development as well as the relationship among 

psychopathic personality traits, fearlessness and antisocial behavior (Sylvers et al, 2011).  

In line with this, several studies have shown that limited fear conditioning response is 

associated with aggression and violent behavior (Gao et al, 2010). Aggressive behavior is 

typically divided into two forms of aggression, both with separate correlations; reactive and 

proactive aggression (Bezdjian, Tuvblad, Raine & Baker, 2011). Reactive aggression is 

defined as hostile, impulsive and uncontrolled aggressiveness (Gao et al, 2010) and is related 

to parental rejection and victimization (Bezdjian et al, 2011). In contrast, proactive aggression 

is a form of instrumental aggressiveness and is defined as regulated, controlled and predatory 

aggressiveness (Gao et al, 2010). Research has also established that proactive aggression and 

psychopathy is related (Bezdjian et al, 2011), which is most likely explained by the 

callousness seen in proactive aggressive behavior and psychopathy. Further, proactive 

aggression has also been linked to low levels of arousal (Gao et al, 2014) as well as deficits in 

fear conditioning response (Baker, Barton, Lozano, Raine & Fowler, 2006).  Based on these 

previous findings the aim with the present study was to investigate whether there are any 
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differences in fear conditioning response between individuals with higher and lower levels of 

psychopathic personality traits.  

In the present study, we examined three specific research questions: (1) To what 

extent do genetic and environmental factors influence components of the skin conductance 

fear conditioning task, specifically the unconditioned response?  (2) Are there any sex 

differences in the genetic and environmental variance components for the unconditioned 

response? (3) Finally, it was hypothesized that those with higher levels of psychopathic 

personality traits would show impairments in components of the fear conditioning task 

relative to those with lower levels of psychopathic personality traits. 

Method 

Participants  

 We retrieved data from a longitudinal study; the Twin Study of Risk Factor for 

Antisocial Behavior (RFAB), which is an on-going study at the University of Southern 

California (USC). The overall purpose of RFAB is to examine how genetic, environmental, 

biological and social factors interact in the development of aggressive and antisocial behavior. 

To date, four waves of data have been collected, and Wave 5 is still ongoing.  On the first 

assessment (Wave 1) the participants were 9–10 years old (N = 614, mean age = 9.59, SD = 

0.58), on the second assessment (Wave 2) the participants were 11–13 years old (N = 445, 

mean age = 11.79, SD = 0.92). The participants were 14-15 years old (N = 604, mean age = 

14.82, SD = 0.83) on the third assessment (Wave 3), on the fourth rating (Wave 4) the 

participants were 16-18 years old (N = 504, mean age = 17.22, SD = 1.23), and during the on-

going Wave 5, they are 19-20 years old. The total numbers of participants in the study is 

1,569 (780 twins). In the present study, we have included data from the ongoing Wave 5.  

Measures: Skin Conductance Fear Conditioning Task 
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 To measure skin conductance a bio amplifier (BIOPAC Systems) was used. To get 

access to the signals of frequency below a certain value a low-pass filter set to 10Hz was 

inserted together with the bio amplifier. The skin conductance was recorded using two silver–

silver chloride electrodes placed on first and second fingers on the non-dominant hand. To get 

a better conductivity between the electrodes and the surface of the distal phalanges, a gel by 

biopac consisting of 0.5% saline in a neutral base was utilized. A digitized signal was sent out 

with a sampling rate of 100 Hz. Through the software of Biopac the responses of elicited by 

stimuli was assessed.  

 During the skin conductance fear conditioning task there are different stimuli 

presented through earphones. The conditioned stimulus (CS+) is characterized by a durable 

neural tone in 800 Hz which lasts 1.0 seconds followed by a negative event which is an 

electric shock together with a white noise on 105 db in the earphones. The other conditioned 

tone (CS-) in 1200 Hz is presented but without a subsequent negative stimuli. Under the 

recording of skin conductance five CS+ and five CS- are randomly presented. In each trial, 

orienting responses to CS+ and CS- are measured. Typically, the skin conductance response 

appears within 1-4 seconds after the conditioned stimulus onset and is also referred as an 

orienting response. If a participant receives a skin conductance response between 5-8 seconds 

it is referred to an anticipatory response. An anticipatory response basically means that a 

participant knows that he/she will be shocked and is therefore reacting. However, this occurs 

less often in the participants. The unconditioned response typically occurs in 1-4 seconds after 

shock which is basically a response to the fact that the participant has been shocked.  

 The measure of fear conditioning response is how much more the participants 

responds to the tone associated with the negative event (CS+) as compared to the neutral one 

(CS-). So fear conditioning response measure is a difference score of these two averages. 

That is, the difference between the orienting responses on the trials where the participants 
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have received the electric shock and the orienting responses on the trials where they have not 

received the electric shock. In the present paper the following components of the fear 

conditioning task were included: fear conditioning response (i.e., the conditioned response) 

and the unconditioned response. 

Child Psychopathy Scale 

 To assess psychopathic personality traits a well-validated measurement tool was used, 

the Child Psychopathy Scale (CPS) (Lynam, 1997). This measurement tool was developed to 

assess psychopathic personality traits in youth and was developed to operationalize the 

psychopathic personality traits from the Psychopathy Checklist–Revised (PCL–R; Hare, 

1991; ref in Tuvblad et al, 2014, Lynam, 1997). The CPS was administrated to the 

participants in a self-report format. The CPS includes 13 sub-scales: Callousness, Lack of 

Guilt, Lack of Planning, Glibness, Manipulation, Impulsiveness, Boredom Susceptibility, 

Untruthfulness, Parasitic Lifestyle, Poverty of Effect, Unreliability, Failure to Accept 

Responsibility and Behavioural Dyscontrol (Lynam, Caspi, Moffitt, Raine, Loeber & 

Stouthamer-Loeber, 2005). Each sub-scale includes two- to five questions, a total of 58 yes or 

no items (scored 1= no, 2 = yes) (Lynam, 1997). Submitting these 13 sub-scales to a factor 

analysis resulted in a two-factor solution: Factor 1- disinhibited - aggressive and Factor 2 -

manipulative – deceitful. The same two-factor solution has been identified across all Waves in 

RFAB (Tuvblad et al, 2014).  

Procedure 

 The testing protocol used in the RFAB study typically took 4-6 hours to complete, and 

involved a laboratory visit to the University of Southern California by the twins. Initially, one 

twin participated in behavioural and clinical interviewing, as well as neurocognitive testing, 

while the second twin underwent a psychophysiological assessment. When this was 
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completed, the twins switched places so that each was both interviewed and tested with 

psychophysiological measures.  

 Examiners/testers consisted of full or part-time staff members with a B.A., as well as 

University of Southern California graduate students. All examiners/testers were thoroughly 

trained (>3 weeks) on testing procedures and administration of the various laboratory tasks. 

Training included among other things, inter-examiner reliability checks and videotaped 

monitoring to ensure strict adherence to standardized testing protocols.   

Analyses  

  To examine our research questions, ttests and univariate genetic twin analyses were 

performed. The ttest analyses were performed in the statistical software SPSS (Statistical 

Package for the Social Sciences). Before a ttest was performed investigating our hypothesis 

that those with higher levels of psychopathic personality scores would show impairment in 

components of the skin conductance fear conditioning task relative to those with lower levels 

of psychopathic personality scores the participants were divided into two groups using a 

median split. Group 1 had lower scores on CPS and group 2 had higher scores.  

 Classical twin design is a natural experiment that relies on the different levels of 

genetic relatedness between monozygotic (MZ, identical) and dizygotic (DZ, fraternal) twins. 

Data collected from twins primarily are used to estimate the relative contribution of genetic 

and environmental factors to a traits and behaviors. The variance of a measured trait can be 

divided into additive genetic factors (A), shared environmental factors (C), and non-shared 

environmental factors (E).  Genetic factors are also referred to as heritability. Shared 

environmental factors refer to non-genetic influences that contribute to similarity within pairs 

of twins. Non-shared environmental factors are experiences that make siblings dissimilar and 

this parameter also includes measurement error (Neale, Boker, Xie & Maes, 2003). 
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 To estimate the genetic (A), shared environmental (C) and non-shared environmental 

(E) factors in the unconditioned response, genetic models were fit with the structural equation 

modelling program Mx (Neale et al, 2003).  To test for sex differences in these variance 

components (i.e., A, C and E), we compared a model in which the magnitude of genetic and 

environmental factors were allowed to differ between males and females, against a model in 

which the estimates were constrained to be equal. 

 The adequacy of fit was assessed by computing twice the difference between the log-

likelihood of a full model and that of a sub-model, in which parameters are fixed to be zero or 

constrained to be equal. This difference follows a 
2 

distribution with the difference in the 

number of estimated parameters in the two models as the degrees of freedom. A significant 
2 

indicates that the model with fewer parameters to be estimated fits the data worse. The 

suitability of the models was also determined by comparing the model's Akaike Information 

Criterion (AIC) (Akaike, 1987) and Bayesian Information Criterion (BIC) (Raftery, 1995) 

where increasingly negative values correspond to increasingly better fitting models.    

 As the fear conditioning response is defined as a difference score it is skewed and a 

transformation could not mitigate this. As such, fear conditioning response was not submitted 

to genetic twin modelling as these types of analyses relies on the assumption that trait under 

study is normally distributed.  

Ethical considerations 

 In the multidisciplinary scientific community research there is ethical guidelines to 

consider. RFAB has been evaluated and approved by an institutional review board (IRB) at 

the University of Southern California. Informed consent has been gathered from all 

participants. No individuals will be identified in any publications arising from this research.  

All data are used for research purposes only. Each participant also had the opportunity to 

withdraw at any time for any reason. 
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Results 

Descriptive Statistics 

 Table 1 presents mean and standard deviation for the fear conditioning response, 

unconditioned response, total CPS score, Factor 1 - disinhibited and aggression, and Factor 2 

- manipulative and deceitful, by boys and girls. No mean differences were found between 

boys and girls for the fear conditioning response or the unconditioned response. In terms of 

mean differences between boys and girls in the total CPS score, there was a significant 

difference with boys showing a higher mean value than girls. There were no mean differences 

between boys and girls in Factor 1 - disinhibited and aggression. Concerning the mean 

differences between boys and girls in Factor 2 - manipulative and deceitful, boys showed a 

significantly higher mean value than girls.  

Table 1 

Descriptive statistic for Fear Conditioning Response, Unconditioned Response, the total 

score for psychopathy, disinhibited and aggression (Factor 1) and manipulative and 

deceitful (Factor 2). 

 Boys_________ Girls___________ 

 n M SD n M SD df t 

Fear conditioning response 239 .13 .22 242 .09 .24 479 1.99  

 

Unconditioned response 240 .24 .16 251 .22 .17 489 1.59  

 

Cpstot 436 1.56 .497 525 1.49 .500 929.3 2.124 * 

 

Factor 1 436 1.51 .500 525 1.50 .500 959.0 .383 

 

Factor 2 436 1.54 .499 525 1.45 .498 959.0 2.794 ** 

Note. n= numbers of people; M= mean; SD= standard deviation; df= degres of freedom; 

Cpstot= the total psychopathy scale; Factor 1= disinhibited and aggression; Factor 2= 

manipulative and deceitful.  

*** p < .001;  ** p < .01;  * p < .05. 

 

Genetic Analysis 

Model-fitting results for the unconditioned response are displayed in Table 2. As 

previously mentioned, the fear conditioning response is a difference score and was not 

submitted to genetic modeling, A model constraining genetic and environmental components 
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to be equal in boys and girls provided a better fit than the full ACE model (Model 2: 
2 

= 

4.859, df = 3, p = 0.182).  This model could be further reduced by dropping the shared 

environment (C) (Model 3: 
2  

= 4.984, df = 4, p = 0.289).  Genetic influences accounted for 

36% (p < .05) and non-shared environmental factors accounted for the remaining 64% (p < 

.05) of the variance in the unconditioned response.  
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Table 2 Univariate Genetic Results and Parameter Estimates for the Unconditioned Response 

 
Overall Fit 

Chi-square difference test 
Parameter estimates 

 

Model # -2log Df AIC BIC 
2
-diff Δdf p A C E 

           

1. ACE males ≠ females -1464.715 483 -2430.715 -2113.020       

2. ACE males = females -1459.856 486 -2431.856 -2119.166 4.859 3 0.182    

3. ACE males = females  

Drop C 

-1459.731 487 -2433.731 -2121.962 4.984 4 0.289 .36 

(.20 - .51) 

---- .64 

(.49 - .80) 

           

Note. -2log=2*log-likelihood, AIC=Akaike’s Information Criterion, BIC=Bayesian Information Criterion, 
2
-diff =difference in log-likelihoods 

between models, df=degrees of freedom, A=additive genetic, C=shared environment, E=non-shared environment.   
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Impairments in the Fear Conditioning Response and the Unconditioned Response   

 One of the research questions was to examine if those with higher levels of 

psychopathic personality scores would show impairment in components of the skin 

conductance fear conditioning task, i.e., the fear conditioning response and the unconditioned 

response relative to those with lower levels of psychopathic personality scores. There were no 

significant differences in the fear conditioning response between group 1 (i.e., lower scores on 

the total CPS score) and group 2 (i.e., higher scores on the total CPS score). Likewise, there 

were no significant differences between group 1 and group 2 on the unconditioned response.  

Table 3 

Mean comparisons in the CPS total score between group 1 and group 2 of impairment in 

fear conditioning response and unconditioned response in ttest. 

 Group 1______ Group 2___________ 

 n M SD n M SD df t 

Fear conditioning response 201 .1013 .2213 260 .1127 .2339 440.7 - .538 

 

Unconditioned response 207 .2408 .1616 265 .2177 .1667 448.8 1.520 

Note. Group 1= low level score in CPS, Group 2= high level score in CPS, n= numbers of 

people; M= mean; SD= standard deviation; df= degrees of freedom.  

*** p < .001;  ** p < .01;  * p < .05. 

 

 Additional ttests were carried out to examine if there were any mean differences in the 

fear conditioning response and the unconditioned response between group 1 and group 2, i.e., 

low and high on Factor 1 - disinhibited and aggressive traits. No significant differences were 

found between group 1 and group 2 for the fear conditioning response (Table 4). Neither were 

there any significant differences between group 1 and group 2 on the unconditioned response. 

Table 4 

Mean comparisons in disinhibited and aggressive behavior between group 1 and group 2 of 

impairment in fear conditioning response and unconditioned response in ttest. 

 Group 1______ Group 2___________ 

 n M SD n M SD df t 

Fear conditioning response 219 .0954 .2183 242 .1189 .2369 458.8 -1.109 

 

Unconditioned response 220 .2384 .1630 252 .2186 .1659 463.5 1.304 

Note. Group 1= low level score in CPS, Group 2= high level score in CPS, n= numbers of 

people; M= mean; SD= standard deviation; df= degrees of freedom.  

*** p < .001;  ** p < .01;  * p < .05. 
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 Further ttest examined if there were any mean differences in the fear conditioning 

response and the unconditioned response between group 1 and group 2, i.e., low and high on 

Factor 2 - manipulative and deceitful traits. There were significant differences between group 

1 and group 2 on the fear conditioning response (Table 5), with group 2 showing larger 

deficits in the fear conditioning response. There were no significant differences between 

group 1 and group 2 on the unconditioned response.  

Table 5 

Mean comparisons in manipulative and deceitful behavior between group 1 and group 2 of 

impairment in fear conditioning response and unconditioned response in ttest. 

 Group 1______ Group 2___________ 

 n M SD n M SD df t 

Fear conditioning response 214 .0842 .2250 247 .1281 .2295 452.008 -2.069 * 

 

Unconditioned response 214 .2624 .1904 247 .1945 .1468 74.964 1.766 

Note. Group 1= low level score in CPS, Group 2= high level score in CPS, n= numbers of 

people; M= mean; SD= standard deviation; df= degrees of freedom.  

*** p < .001;  ** p < .01;  * p < .05. 

 

Discussion 

 The overall aim of the present study was to examine the genetic and phenotypic 

relationships among components of the skin conductance fear conditioning task (i.e., fear 

conditioning response and unconditioned response) and psychopathic personality traits.  

Specifically, we investigated how much of the variance in the unconditioned response that is 

explained by genetic and environmental factors and we also examined whether there is a link 

between psychopathic personality traits and components of the skin conductance fear 

conditioning task. The key findings of the present study were as follows: both genetic and 

non-shared environmental influences explained the variance in the unconditioned response. 

Results also showed that there were significant differences between the high versus the low 

group on Factor 2 – manipulative and deceitful traits, indicating that those with higher levels 

of manipulative and deceitful traits to a larger extent showed deficits in the fear conditioning 

response.   
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Our result showed that there were no mean sex differences in components of the skin 

conductance fear conditioning task, neither in the fear conditioning response nor in the 

unconditioned response. However, for psychopathic personality traits (i.e., total CPS score 

and Factor 2 - manipulative and deceitful) boys had higher mean values than girls. 

Psychopathy has also been found to be more common among males than females in 

correctional, psychiatric and community samples (Blair et al., 2007; Nicholls, Ogloff, Brink, 

& Spidel, 2005). 

Our findings further showed that genetic influences explained about one-third of the 

variance in the unconditioned response and that the remaining two-thirds of the variance was 

explained by the non-shared environment. There was no sex differences in the magnitude of 

the genetic and non-shared environmental variance components across boys and girls and the 

variance components could be constrained to be equal. These findings are well in line with 

previous research on fear conditioning response (Hettema et al, 2003, 2008).  

Further, we hypothesized that those with higher levels of psychopathic personality 

traits would show deficits in components of the skin conductance fear conditioning task than 

those with lower levels of psychopathic personality traits. We did not find any significant 

differences between the two groups for the total psychopathy score nor for Factor 1 - 

disinhibited and aggressive behavior.   

Most importantly, we did however, find evidence that individuals with higher scores 

on Factor 2 - manipulative and deceitful, showed more deficits in fear conditioning response 

than individuals with lower scores on Factor 2. These results are consistent with previous 

research showing an association between deficits in fear conditioning response and proactive 

(instrumental, planning) aggression (Gao et al, 2014), as well as a link between poor fear 

conditioning response and psychopathy (Kubak & Salekin, 2009). Gao et al (2010) have 

argued that individuals with psychopathic personality traits have a less active amygdala and 
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that this is most apparent when these individual are about to commit moral and/or rule-

breaking acts.  Thus, our findings of a link between deficits in fear conditioning response and 

manipulative and deceitful traits could be explained by a neurobiological dysfunction which 

has been suggested to be the basis for deficits in fear conditioning response (Gao et al, 2010). 

In line with previous research (Raine, 2002; van Goozen et al, 2004), our results provide 

further support for fearlessness theory which aims at explaining the link between antisocial 

behavior and reduced skin conductance activity. This model suggests that limited fear for 

punishment at a young age can disrupt the development of conscience and result in impaired 

fear conditioning (Raine, 2002). Thus, antisocial behavior is related to reduced skin 

conductance activity through a lack of an adequate development of conscience. In line with 

fearlessness theory, individuals with manipulative and deceitful traits are likely to lack 

feelings of empathy and to have poor social skills.  As such, our result also provide support 

for stimulation-seeking theory which argues that low arousal leads to a psychological 

discomfort which in turn results in antisocial behavior (Wilson & Sharpa, 2014).  In other 

words, if these individuals do not achieve what they need to reach their comfort level, they are 

likely to manipulate and deceit others. This in turn, will increase the risk for aggressive and 

antisocial behavior. Further, a previous study by Gao et al showed that criminal behavior in 

adulthood can be predicted already at the age of 3 by measurement of fear conditioning 

response. Fear conditioning data were collected among 1,795 children and recruitment began 

at age of 3 and at the age of 23 there were 137 of these individuals who were registered 

offenders of which 6 were girls. Those who later engaged in criminal activities showed poor 

fear conditioning response at the age of 3 (Gao et al, 2010). In line with this, our finding that 

manipulative and deceitful traits, but not disinhibited and aggressive traits, were associated 

with deficits in fear conditioning response indicates that low arousal as measured by skin 

conductance is a vital biological marker for these specific traits.  
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Limitations 

There are a few limitations in the present study that should be noted. First, it is 

possible that a larger sample size had contributed to a higher power and therefore resulted in 

significant differences between the two groups. However, our sample was relatively large in 

comparison to other longitudinal twin studies who have investigated how genetic and 

environmental factors influence components of the skin conductance fear conditioning task. 

Second, with a clinical sample it is possible that we would have gotten a different set of 

results. However, based on our specific research questions and the fact that we examined 

twins in a community sample we avoided any selection biases that may be introduced in a 

clinical sample.  Finally, there are several assumptions related to the classical twin design. For 

example, if the equal environment assumption is challenged, higher correlations among MZ 

twins could be due to environmental factors, instead of heritable factors and thus genetic 

influences would be overestimated. For a more detailed discussion of this and other 

assumptions related to the classical twin design, see (Tuvblad & Baker, 2011).  

Conclusions 

 

We found that one-third of the variance in the unconditioned response was explained 

by genetic influences and that the remaining two-thirds were explained by non-shared 

environment. Genetic and non-shared environmental factors have also been found to influence 

psychopathic personality (Tuvblad et al, 2014). Research has shown that the variance in 

psychopathic personality is explained by genetic and non-shared environmental factors, 

divided between 49 and 51% respectively, 49% explained by genetic factors and 51% of non-

shared environmental factors (Tuvblad et al, 2014). Future research should examine the 

genetic and environmental relationship between psychopathic personality traits and fear 

conditioning. We also found that those with higher scores as compared to those with lower 

scores on Factor 2 - manipulative and deceitful showed more deficits in fear conditioning 
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response. Thus, our findings indicate that skin conductance fear conditioning response is an 

important biological marker for psychopathy. 
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