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General Abstract
Cybersex addiction is discussed with growing interest, because some individuals report
symptoms of dependency regarding their cybersex use resulting in personal distress of clinical
significance. The aim of this dissertation is to investigate the role of the reinforcing nature of
pornographic stimuli in cybersex addiction within four studies. In the first and the second
study the theoretical background of substance dependency has been taken as basis for
cybersex addiction and experimental paradigms used in research on substance dependencies
were adapted to the field of cybersex addiction. These studies address the role of positive
reinforcement, cue-reactivity, and predefining vulnerability in cybersex addiction. Regarding
this, sensitivity for sexual excitation and a generally problematic use of sex were identified as
specific factors of vulnerability and a general psychological-psychiatric symptom severity as
unspecific factor of vulnerability for cybersex addiction. It was shown that these vulnerability
factors together with self-reported craving predicted tendencies towards cybersex addiction.
Moreover, the intensity of craving partially mediated the relationship of specific and
unspecific vulnerability factors with tendencies towards cybersex addiction. However,
indicators of a poor sex life in general were not associated to symptoms of cybersex addiction.
The third and the forth study examined the effect of pornographic stimuli on cognitive
processes. It was shown that working memory and decision-making performance was worse
when pornographic pictures had to be processed simultaneously. From a cognitive point of
view, these results might partly explain why some individuals continue cybersex activities
although they experience negative consequences during or following their cybersex use.
Altogether, the studies’ findings are discussed according to the assumed underlying processes
of conditioning to explain the repeated cybersex use in the light of growing, but neglected
negative consequences. It is concluded that positive reinforcement due to sexual arousal can
be considered as core mechanism in the development of cybersex addiction and interferes
with cognitive processes important for goal-directed behaviors.
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1. General Introduction
Since the World Wide Web became a public medium in 1993, it developed rapidly into a
mass medium of different applications having impact on single individuals and whole
societies. Nowadays, people can use the Internet for private, school, or work purposes and can
cope with their needs and goals. While most of the individuals can use the Internet without
experiencing any negative consequences, there are some individuals reporting subjective
complaints in everyday life and symptoms of dependency resulting from their Internet use (for
review see Chou, Condron, & Belland, 2005; Weinstein & Lejoyeux, 2010; Widyanto &
Griffiths, 2006). While in some individuals these symptoms result from an excessive use of
the Internet in general, others report problems associated with the use of specific Internet
applications such as cybersex, gaming or communication (e.g. Block, 2008; Griffiths, 2000a;
Young, Pistner, O’Mara, & Buchanan, 1999).
Although the phenomenology and the high clinical importance of Internet addiction
has been described well within the last years (Block, 2008), there is an ongoing controversial
debate about their classification. Accordingly, a problem associated Internet use has been
termed differently, for example pathological (e.g. Davis, 2001; Niemz, Griffiths, & Banyard,
2005; Suler, 1999), unregulated (e.g. Larose, Lin, & Eastin, 2003), problematic (e.g. Caplan,
2002; Kim & Davis, 2009), compulsive (e.g. Meerkerk, van den Eijnden, & Garretsen, 2006;
Schwartz & Southern, 2000), excessive (e.g. Griffiths, 2000a; Pawlikowski & Brand, 2011;
Yang, Choe, Baity, Lee, & Cho, 2005), or addictive (e.g. Ko et al., 2010; Leung, 2004;
Weinstein & Lejoyeux, 2010; Young, 2004). Some authors argue for classifying these kinds
of behaviors as impulse control disorders or impulsive-compulsive spectrum disorders (for
diagnostic criteria of and review on these disorders please see Dell’Osso, Altamura, Allen,
Marazziti, & Hollander, 2006; McElroy, Phillips, & Keck, 1994), because they see several
problems with the concept of behavioral addictions. Often raised arguments are that the
diagnostic criteria for addiction have been established for drugs only, that an inclusion of
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behavioral addictions would dilute the addiction concept, and doubts have been raised if the
diagnostic criteria of tolerance and withdrawal can be fulfilled in these problematic behaviors
(e.g. Pies, 2009; Shapira et al., 2003). But after recognizing the symptom patterns reported by
persons concerned (e.g. Griffiths, 2000b; Young, 2004), it becomes clear that the
classification of a problem associated Internet use as impulse control or as an impulsivecompulsive spectrum disorder is not adequate. The reported symptoms of affected persons
include more than the criteria for the suggested classifications. Patients do not only report a
disability to regulate their behavior, but indeed they indicate symptoms which are comparable
to the diagnostic criteria for addiction: A great cognitive salience of the Internet, the persistent
experience of negative consequences resulting from their Internet use, failed attempts to
reduce time spent on the Internet, an increase of Internet use, and withdrawal when they have
no possibility to be online. Furthermore, impulse control disorders and impulsive-compulsive
spectrum disorders include hardly comparable disorders themselves. It is doubtable if a
problem associated Internet use shares important similarities with respect to their
phenomenology, etiology, as well as with respect to their mechanisms of development and
maintenance with these disorders. Most authors argue that there is not enough data allowing
for final conclusions regarding the nature of Internet addictions to be drawn and are cautious
with a premature classification of a problem associated Internet use. Still, the concept of
Internet addiction is the most favored in these days (e.g. Potenza, 2006; Weinstein &
Lejoyeux, 2010). The consideration as Internet addiction is furthermore supported by research
converging to the view that the phenomenology of substance and other behavioral addictions
(e.g. sex addiction or pathological gambling) are similar with respect to biological and
behavioral attributes (Garcia & Thibaut, 2010; Grant, Brewer, & Potenza, 2006; Potenza,
2008; Yellowlees & Marks, 2007). According to this, Internet addictions are not yet classified
within the international classification systems of diseases (APA, 2000; WHO, 1993), but will
be included within the appendix of addictive disorders in the DSM-V (Holden, 2010). The

11
inclusion within the appendix points out that a full achievement of the addiction status is not
legitimate yet, because Internet addiction’s behavioral and biological similarities to substance
addictions have not been addressed sufficiently. Consequently, using the concept of addiction,
it is necessary to address potential mechanisms of development and maintenance in
generalized and specific Internet addictions to contribute to the discussion on this important
topic.
The aim of this thesis is to approach potential mechanisms of development and
maintenance of cybersex addiction in analogue samples in order to contribute to a better
understanding of specific Internet addictions. Proposing that cybersex addiction can be
considered as an addiction, the theoretical background of positive reinforcement and cuereactivity as well as experimental paradigms, well known in substance dependency research,
were adapted to investigate cybersex addiction within four studies. The first and the second
study focus on the role of gratification received by sexually motivated online behaviors as
well as factors of vulnerability for cybersex addiction. The third and fourth investigations
examine the effect of sexual cues and sexual arousal on executive functioning, respectively
working memory and decision making. Therefore, the general introduction will give a brief
overview on substance addictions focusing on their neuropsychological mechanisms of
development and maintenance. Then, Internet addiction in general and cybersex addiction
specifically will be introduced. Moreover, a brief overview on executive functioning,
particularly on working memory and decision making will be given. After taking the insights
of the conducted studies into account, the general conclusion aims at embedding the findings
of this thesis into a broader theoretical and empirical context. Moreover, a revised model of
Internet addiction is presented within the general conclusion and suggestions for future
studies will be given.
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1.1 Substance addictions
Substance addiction summarizes the physiological and psychological dependency from
several drugs, such as nicotine, cannabis, alcohol, or cocaine, etc., in which the drug use is
accompanied by physical, psychological, social and in some cases also legal problems (for
current overview see Sussman, Lisha, & Griffiths, 2011). Some core symptoms for
diagnostics which are the same for all drug addictions are: The development of tolerance
including an increase of substance intake as well as a lowered drug effect when taking the
same dose, abstinence phenomenon, loss of control about one’s drug consume, unsuccessful
attempts to regulate or to stop the drug use, a high degree of cognitive salience and a great
amount of time to buy, to consume, and to recover from drug intake, the experience of
negative consequences in private and work issues as well as a continued drug intake in face of
physical or psychological problems (APA, 2000). Against the background of the significance
of these problems experienced from substance addicted individuals and the high prevalence of
addictions (e.g. Compton, Thomas, Stinson, & Grant, 2007; Kraus et al., 2003; Sussman et al.,
2011), investigating addictions’ mechanisms of development and maintenance as well as their
treatment has a high clinical relevance.
With respect to the development of addictions, the vulnerability encompasses multiple
dimensions ranging from biological and environmental to cultural factors (for current review
please see Swendsen & Le Moal, 2011). These factors include genetic vulnerabilities
(Kendler, Jacobson, Prescott, & Neale, 2003; Li et al., 2011), environmental factors such as
the experience of childhood maltreatment (De Bellis, 2002), psychiatric-psychological
comorbidity (Hasin, Stinson, & Ogburn, 2007), personality facets such as impulsivity and
negative emotionality (Allen, Moeller, Rhoades, & Cherek, 1998; Conway, Swendsen,
Rounsaville, & Ries, 2002), or the functionalization of drugs as mechanism for emotion
regulation and coping (Aldao, Nolen-Hoeksema, & Schweizer, 2010).
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Even if the neurobiological processes of addiction are not understood completely yet,
there is strong evidence for the involvement of different brain regions and neurotransmitter
systems during drug intoxication as well as structural and functional changes following
chronic drug use (for review see Koob & Volkow, 2010). Most notably, learning mechanisms,
reinforcement, the development of cue-reactivity and craving are held as substantial key
factors with respect to the development and maintenance of substance addictions (Everitt &
Robbins, 2005; Hyman, Malenka, & Nestler, 2006). Because learning mechanisms are the
crucial basic concept behind this, they will be outlined in more detail in the following.
Learning mechanisms can be separated into classical (also called pavlovian) and into
operant (also called instrumental) conditioning. In classical conditioning, basically a neutral
stimulus is paired once or repeatedly with another stimulus (US). It is characteristic for the
US that it evokes a reflexive physiological reaction. By pairing these two stimuli together, the
response evoked by the US becomes associated to the neutral stimulus, named conditioned
stimulus (CS) then. As a result, the CS elicits the so called conditioned response (CR) even in
the absence of the US, because the individual learned that the CS predicts the US (for current
review see Martin-Soelch, Linthicum, & Ernst, 2007). It is called extinction, when the CR
declines, because of repeated presentation of the CS without the occurrence of the US.
Classical conditioning has been investigated extensively for example in the development of
fear (for reviews see Kim & Jung, 2006; Maren, 2001). If the US is not a biological
significant one leading to a physiological reflex, but is an emotional stimulus with positive or
negative valence changing the emotional evaluation of the neutral stimulus, this is termed
evaluation conditioning (De Houwer, Thomas, & Baeyens, 2001; Hofmann, De Houwer,
Perugini, Baeyens, & Crombez, 2010).
In contrast, operant conditioning describes a change of behavior not caused by
reflexive reactions elicited by a stimulus, but by the association of the individual’s behavior
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with its consequences. These consequences can be positive and negative as well as reinforcing
or punishing. If the consequences are rewarding or appetitive, this is called positive
reinforcement. If the consequences are the disappearance of aversive stimuli this is called
negative reinforcement. Both, positive and negative reinforcement increase the probability
that the reinforced behavior will be repeated. Positive punishment describes the experience of
aversive stimuli following behavior and negative punishment is characterized by the removal
of a rewarding, appetitive stimulus. Positive and negative punishments decrease the
probability that a behavior will be repeated again. If the behavior is not followed by any or
incongruent consequences, this is called extinction leading to a decline of the behavior
(Martin-Soelch et al., 2007). Physiologically it has been shown that a subjective reward
experience is generally related to the mesolimbic reward system, reacting with an increase of
dopamine release to positive and negative reinforcement (Day & Carelli, 2007; Fields,
Hjelmstad, Margolis, & Nicola, 2007; Wightman & Robinson, 2002; Wise, 2002). In drug
intake, an increase of dopaminergic transmission in mesolimbic pathways is the neural
correlate of the drug associated "high", which is perceived as subjectively pleasurable and is
highly reinforcing (e.g. Goldstein et al., 2009; Volkow, Fowler, & Wang, 2002). Based upon
these learning mechanisms, cue-reactivity arises within the development of addiction.
Cue-reactivity describes the result of repeated drug use, in which the effects of the
drug’s positive and negative reinforcement are conditioned with environmental factors (for
review see Carter & Tiffany, 1999). Moreover, the perceived positive effects following drug
intake increase the probability that drugs will be retaken. Following the principles of
conditioning, conditioned environmental cues predict drug intake associated to the drug’s
physiological effect in addicted individuals. Consequently, it has been shown that already the
presentation of conditioned drug associated stimuli leads to an increase of craving, i.e. the
urge to consume the drug in order to receive the anticipated rewarding effects. This kind of
craving induced due to cue-reactivity has also been termed reward craving. But with respect
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to the desire for repeated drug use, the concept of craving distinguishes generally between
reward and withdrawal relief craving. In contrast to reward craving, withdrawal relief craving
is the desire for repeated drug intake to avoid negative emotional states as well as aversive
physiological symptoms of withdrawal (for reviews see Anton, 1999; Drummond, 2001).
Typical cue-reactivity paradigms used in addiction research comprise the presentation of
neutral and addiction related cues (e.g. bottles of beer, inks, etc.) and the assessment of
subjective craving for a drug, or diverse physiological (e.g. skin conductance, heart rate,
neural) responses (cf. Tiffany & Wray, 2012). These paradigms have been investigated in
diverse samples of addiction, e.g. with respect to alcohol (Chiang, Schuetz, & Soyka, 2002;
Grüsser, Heinz, & Flor, 2000; Heinz et al., 2003; Heinz, Beck, Grüsser, Grace, & Wrase,
2009), nicotine (e.g. Janes et al., 2009), marijuana (e.g. Gray, LaRowe, & Upadhyaya, 2008),
cocaine (e.g. Garavan, Pankiewicz, & Bloom, 2000; Goldstein et al., 2009), or heroin
addiction (e.g. Wang et al., 2011; Yang et al., 2009). Studies converge to the view that
addiction related cues lead to strong emotional arousal and craving in substance dependent
individuals. Moreover, craving strength is strongly associated to relapse. On a neural level,
addiction related cues lead to neural activations in brain areas associated to reward,
motivation, memory, and executive control (for overview on craving's neural correlates see
Hommer, 1999).
Moreover, repeated drug intake leads to alterations of reward related brain structures
(e.g. ventral tegmental area), decreases in striatal dopamine release after drug intake and
dopamine receptor occupancy which is associated to a lowered reinforcing effect of the drug,
but for natural reinforcements as well (Kauer, 2004; Volkow et al., 1997; Volkow, Fowler,
Wang, & Goldstein, 2002). These neural changes are accompanied with a subjective decrease
of the drug's rewarding effects in addicted individuals, i.e. they continue drug taking even if it
is decreasingly pleasurable and in consequence they need higher doses to achieve the
expected effect. This observation deals with the difference between “wanting” and “liking”,
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meaning that addicted individuals can have an appetitive motivation for the positive, hedonic
value of the drug (liking), but can either have a need or desire (wanting) for the drug
independent from the positive effects (e.g. Robinson & Berridge, 2001). While the
development of tolerance deals with the circumstance that addicted individuals less “like” the
drug and need higher doses to experience the designated positive effect, incentivesensitization leads to changes of wanting, i.e. in attentional processing toward drug cues,
motivational behaviour and incentive salience attribution (Berridge, Robinson, & Aldridge,
2009; Robinson & Berridge, 1993).
In conclusion, recurrent drug use leads to high valued expectations of a drug, impaired
response inhibition, substantial craving, decreases of cognitive control circuits, and as a
consequence to repeated drug intake and in some individuals even to addiction. These
processes are mediated by changes in the mesolimbic pathways, decreased orbitofrontal
activity during withdrawal and arising general dysfunctions of the prefrontal cortex (Goldstein
& Volkow, 2002; Volkow et al., 2003). Based upon the background of positive reinforcement
and processes of conditioning, it was demonstrated that cue-reactivity and resulting reward
craving urges are the core mechanisms to explain repeated drug use and the development of
addiction. Therefore, these concepts should be relevant in the development and maintenance
of behavioral addictions as well. Following this assumption, an overview about Internet
addiction will be given in the next sections and links to cue-reactivity and craving will be
outlined.
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1.2 Internet and cybersex addiction
1.2.1 Internet addiction
Internet addiction is considered to be a behavioral addiction which is characterized by
symptoms of dependency regarding the Internet use associated with subjective complaints in
everyday life (Chou et al., 2005; Young, 2004). But the consideration of Internet addiction as
a distinct and unified entity neglects the possibility of important differences regarding the
Internet activity of choice associated with an addictive usage pattern (for review see
Weinstein & Lejoyeux, 2010). According to various authors, there are several Internet
activities at risk, which may result in Internet addiction: cybersex, cyber-relationships, online
gambling, surfing for information and online gaming (Block, 2008; Weinstein & Lejoyeux,
2010; Young et al., 1999). But cybersex is thought to have the highest potential for
developing an specific Internet addiction (Meerkerk, van den Eijnden, & Garretsen, 2006).
One theoretical model dealing with problematic Internet use (PIU) is the cognitivebehavioral model developed by Davis (2001). The model focuses on the role of maladaptive
cognitions associated with PIU as well as on an underlying psychopathology as a predisposing
factor. Moreover, it distinguishes between a generalized (GPIU) and specific (SPIU)
pathological Internet use (see Figure 1).
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Figure 1
The cognitive-behavioral model of pathological Internet use (modified from Davis, 2001).

In general, a diathesis-stress framework is postulated assuming that a predisposing
vulnerability and stressors are important factors in the development of PIU. As a predisposing
factor, a pre-existing psychopathology such as depression, social anxiety, or substance
dependence is introduced as a necessary cause of PIU. The stressor in the model is the
Internet itself or a specific Internet application. The Internet facilitates the possibility of
making positive experiences and should therefore lead to a recurrent Internet use to achieve
similar effects. This is said to lead to a fostering of the maladaptive behavior in terms of
operant conditioning. As a key factor within the development of PIU, maladaptive cognitions
about oneself and the world as well as a ruminative cognitive style are introduced. Self-doubt,
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low self-efficacy, and negative self-appraisal are supposed to make an individual more prone
for receiving reinforcement by the use of the Internet.
In the model, PIU is differentiated into GPIU and SPIU. GPIU is described as a
multidimensional, non-directed overuse of the Internet. In GPIU’s etiology, a pre-existing
psychopathology and the social context of the individual are emphasized as predefining
factors. Missing social support and social isolation are said to result in spending much time
without purpose on the Internet, for example in chat-rooms. In contrast, SPIU refers to the
overuse of a specific Internet application (e.g. cybersex) resulting preliminarily from
mechanisms of reinforcement and a specific pre-existing psychopathology. One postulated
difference between GPIU and SPIU is the assumption that individuals suffering from GPIU
would not have developed a similar problematic behavior without the Internet, whereas
individuals suffering from SPIU would have developed a similar behavior within another
setting. The example is presented that individuals who use conventional pornography
excessively may become Internet sex addicts as well. Moreover, while comparable to GPIU, a
pre-existing psychopathology and maladaptive cognitions are assumed to be relevant factors
in the development of SPIU, the social context of an individual is not supposed to be a
predefining factor.
Davis' (2001) cognitive-behavioral model has contributed to our understanding of
Internet addiction and has inspired many studies addressing this topic. The strength of the
model is that it distinguishes between GPIU and SPIU and that it assumes some common and
differential factors of vulnerability as well as mechanisms of development for both. But
despite the strength of this theoretical approach, there are some concerns regarding the
conception of the model. Within its approach, it emphasizes the role of maladaptive
cognitions in the development of PIU. But it has not been demonstrated yet that individuals
suffering from GPIU or SPIU indeed have maladaptive cognitions about themselves or the
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world. It has also not been shown that they have a ruminative cognitive style, or that
maladaptive cognitions increase within the development of PIU. Regarding the aspect of
reinforcement, the model posits that reinforcement is crucial for the development of both
GPIU and SPIU. But postulating this, it neglects to distinguish between positive and negative
reinforcement. It seems plausible that positive and negative reinforcement are differentially
relevant within the development of GPIU and SPIU. Moreover, the assumptions with respect
to individuals’ vulnerability seem to be not sufficient. Indeed, several studies report an
association of a general psychological-psychiatric symptom severity to GPIU and SPIU (e.g.
Green, Carnes, Carnes, & Weinman, 2012; Kuss & Griffiths, 2011; Weinstein & Lejoyeux,
2010). But whether or not there might be specific predisposing factors for SPIU is not
mentioned. Finally, an empirical confirmation of the whole model is missing.
With respect to the diagnostic of Internet addiction, several instruments have been
developed (for diagnostic instruments of cybersex addiction please see chapter 1.2.2).
Internationally, the Internet Addiction Test (Young, 1998) has been used most frequently to
assess Internet addiction. The questionnaire was constructed using the diagnostic criteria for
pathological gambling and asks for subjective complaints in everyday life resulting from
Internet use by 20 items. Although the factorial structure of the Internet Addiction Test is
under controversial debate (e.g. Chang & Law, 2008; Khazaal et al., 2008; Widyanto &
McMurran, 2004), a German short-version of it has been developed recently (Pawlikowski,
Altstötter-Gleich, & Brand, 2012). As revealed by explanatory and confirmatory factor
analysis, it was shown that this short-version with 12 items has a two-factorial solution
namely “loss of control and time management” and “craving and social problems”. The
internal consistency of both subscales and of the overall scale is high. Moreover, congruent,
discriminant, and incremental validity has been demonstrated within the validation study (cf.
Pawlikowski et al., 2012). Other diagnostic instruments aiming at assessing Internet addiction
are for example the Compulsive Internet Use Scale (Meerkerk, Eijnden, Vermulst, &
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Garretson, 2009), the Online Cognition Scale (Davis, Flett, & Besser, 2002), or the
Generalized Pathological Internet Use Scale (Caplan, 2002). For an overview of these and
some other questionnaires please see the review published by Beard (2005).
Using these instruments, psychological studies followed the aim of estimating the
prevalence as well as addressing psychological correlates of Internet addiction. Depending on
the used instrument and the used criterion for Internet addiction, the prevalence has been
estimated to be between 1.5-8.2% internationally (for review see Weinstein & Lejoyeux,
2010). But these estimates have to be interpreted cautiously, since the diagnostic criteria for
Internet addiction have not yet been defined and because the used diagnostic instruments
differ with respect to their validity and their psychometric properties. In Germany, no
representative studies have been conducted yet (Petersen, Weymann, Schelb, Thiel, &
Thomasius, 2009), but it is assumed that about 3% of the general population are at risk for
developing an Internet addiction (Wölfling, Bühler, Leménager, Mörsen, & Mann, 2009).
Studies addressing psychological correlates of Internet addiction focused primarily on
personality traits and indicators of psychological well-being. One replicated result is that
Internet addicted individuals report lower self-esteem (e.g. Armstrong, Phillips, & Saling,
2000; Kim & Davis, 2009; Niemz et al., 2005). Correspondingly, Internet addicted individuals
indicate greater feelings of loneliness in everyday life and a socially motivated use of the
Internet, for example to chat with others sharing some interests, for emotional support, or to
meet new people (Morahan-Martin & Schumacher, 2000). Other personality factors linked to
Internet addiction are introversion, low agreeableness, neuroticism, shyness, and social
anxiety (Aa et al., 2009; Ebeling-Witte, Frank, & Lester, 2007; Hardie & Tee, 2007).
Contributing to this, it was demonstrated that Internet addiction is associated to interpersonal
difficulties, perceived stress in real-life, depressive mood, and to procrastination on the
Internet (Thatcher, Wretschko, & Fridjhon, 2008; Whang, Lee, & Chang, 2003). Moreover, it
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has been shown that Internet addiction is linked to poor self-regulation capacities (Billieux,
2012). Finally, several studies have assessed psychiatric comorbidities in Internet addiction
(e.g. Bernardi & Pallanti, 2009; De Berardis et al., 2009; Ha et al., 2007). One recent review
concludes that coexisting psychiatric disorders are frequently diagnosed in Internet addiction.
Especially, substance dependencies, depression, hostility, social anxiety disorder, and
attention deficit hyperactivity disorder have been found to be main comorbidities of Internet
addiction (Ko, Yen, Yen, Chen, & Chen, 2012). Summarized, Internet addiction is linked to
several characteristics of personality, which are principally in line with the pre-existing
psychopathology and social deficits postulated in Davis' (2001) cognitive-behavioral model of
PIU.
There are no studies addressing neural correlates of GPIU. Neural correlates have only
been investigated in the SPIUs of online gaming or in pathological gambling. In the study of
Ko et al. (2009) the neural response to pictures of the online game World of Warcraft of
addicted and non-addicted World of Warcraft gamers have been compared. It has been shown
that in addicts, addiction related cues lead to stronger activations in the right orbitofrontal
cortex, in the right nucleus accumbens, bilaterally in the anterior cingulate, and in the medial
frontal cortex as well as in the right dorsolateral prefrontal cortex, and in the right caudate
nucleus. Moreover, the activation of these areas correlates with subjective gaming urge and a
recall of game experiences. These results lead to the conclusion that there are neural
differences elicited by addiction related cues in emotion, memory and motivation associated
brain structures in online gaming addicted individuals compared to healthy comparisons. Ko
et al. (2009) state that their results give reason to assume that online gaming addiction shares
similar neurobiological mechanisms with substance addiction. Cue-reactivity and craving are
considered to be relevant mechanisms within the development and maintenance of online
gaming addiction. Another study conducted by Dong, Huang, and Du (2011) reports findings
of neural correlates of online gaming addicted individuals during the performance of a
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guessing task. In this task, participants choose one card from either one or the other card deck
in 245 trials. Depending on the color of the card, they win or lose money. In Internet gaming
addicts, an increased activation of the right orbitofrontal cortex in the gain trials and a
decreased activation in the anterior cingulate cortex in the loss trials has been found. Authors
conclude that in Internet gaming addicts the processing of reward and punishment is altered
and that they show a greater sensitivity to reward and a greater insensitivity to punishment. It
is assumed that Internet gaming addicts continue and repeat online gaming, although they
experience negative consequences, because they might depend on short-term reinforcement,
neglecting negative consequences in the long run. This interpretation is in line with studies on
decision making in substance addiction (please see section 1.3.2). Similar results of an altered
processing of addiction related cues as well as of reward and punishment have not been
reported regarding GPIU. These results and interpretations are generally in line with those of
cue-reactivity and craving explored in pathological gambling as behavioral addiction (e.g.
Crockford, Goodyear, Edwards, Quickfall, & El-Guebaly, 2005; Goudriaan, de Ruiter, van
den Brink, Oosterlaan, & Veltman, 2010; Ko et al., 2009; Potenza et al., 2003; Thalemann,
Wölfling, & Grüsser, 2007; van Holst, van den Brink, Veltman, & Goudriaan, 2010).
Taken together, there is neither an agreement about the classification nor about the
diagnostic criteria of Internet addiction. But the conducted studies make clear that Internet
addiction is a serious mental health problem with high prevalence. This circumstance points
out the importance of clarifying Internet addiction’s classification and investigating the
mechanisms of Internet addiction’s development and maintenance. Specifically, in
psychological research on GPIU, experimental studies focusing on cognitive and neural
correlates are widely missing (for cognitive correlates of addiction please see section 1.3).
After summarizing findings on GPIU in this section, the next section gives an overview about
studies conducted on cybersex addiction as one example of SPIU.
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1.2.2 Cybersex addiction
Cybersex comprises diverse sexually motivated behaviors on the Internet via several Internet
applications. While some of them are more interactive, such as sexchats, self-displaying to or
watching at others within sexual actions via webcam, others are more passive (i.e. watching
pornography on the Internet). In the broader sense, cybersex includes not only watching
material, but also making sexual contacts on the Internet, buying in online sex shops, directed
information search about sexual issues, the usage of online sex services (e.g. strip or sex
shows) or making Internet based contact to prostitutes (for review see Döring, 2009).
Although no studies addressed the prevalence of unproblematic cybersex use in the general
population, watching pornography on the Internet is assumed to be most widespread, at least
among males (for review see Short, Black, Smith, Wetterneck, & Wells, 2012). Two concepts
were introduced aiming at explaining some individuals’ frequent utilization of cybersex: The
“ACE model” (Young et al., 1999) and “Triple-A-Engine” (Cooper, 1998). The ACE model
assumes that the easy accessibility, a perceived personal control and privacy in cybersex
actions as well as excitement offered by cybersex explain a common use of cybersex. In
addition, the Triple-A-Engine claims that besides the easy accessibility, anonymity and
affordability are important characteristics of cybersex associated to its recurrent utilization.
Most individuals develop a healthy use of cybersex and perceive mostly positive
effects of cybersex on their sex life and life in general and additionally receive no or rare
negative consequences. For example they report that cybersex has led to greater sexual
openness, an enrichment of their sex life, or an increase of life satisfaction in general (e.g.
Hald & Malamuth, 2008). But there are individuals reporting subjective complaints in
everyday life and symptoms of dependency resulting from cybersex (e.g. Cooper, Delmonico,
Griffin-Shelley, & Mathy, 2004; Green et al., 2012; Young, 2008). Similar to studies
addressing substance addictions, research describing the population of Internet sex addicted
individuals converges to the view that cybersex addiction is associated to personal distress,
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diverse negative consequences, high prevalence rate of comorbidities as well as to
dysfunctional emotion regulation and coping (for review see Kuss & Griffiths, 2011).
Regarding the psychological assessment of cybersex addiction, the number of
available instruments is very limited and these instruments are not yet validated. Delmonico
and Miller (2003) introduced the Internet Sex Screening Test, which consists of 25 items in
five subscales, which can be answered with “yes” or “no”. Because the factorial structure has
not yet been clarified clearly and the instrument has not been used in a number of other
studies, the validity of this measurement is doubtable. Moreover, using the item response
format of “yes” and “no” neglects the possibility of assessing cybersex addictions’ symptom
severity. Furthermore, no cut-off scores for the diagnosis of a healthy, problematic, and
addictive usage pattern are presented. The same problems occur with the assessment of
cybersex addiction using the revised Sexual Addiction Screening Test (Carnes, Green, &
Carnes, 2010). Although this questionnaire addresses some important features of cybersex
addiction, for example preoccupation, loss of control, or affect disturbance, a validation of
this measurement is outstanding. Behind this background, the validity of the published
diagnostic instruments of cybersex addiction cannot be considered as confirmed. One
promising solution within this situation was presented by Brand, Laier, Schächtle, Schöler,
and Altstötter-Gleich (2011). The authors modified Young's (1998) Internet Addiction Test
for Internet sex sites. By this, they were able to assess all proposed criteria for cybersex
addiction and, moreover, where able to measure the severity of these symptoms. Still, the
prevalence of cybersex addiction has not been estimated or determined.
The number of studies on cybersex addiction is very limited, too. There are some
qualitative, mainly case-studies presenting the results of interviews with cybersex addicted
patients searching for professional help. The first case-studies have been provided by Orzack
and Ross (2000) and by Stein, Black, Shapria, and Spitzer (2001), in which male individuals,
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who have fulfilled diagnostic criteria of Internet, sex, and cybersex addiction are described.
The result of both studies is that the presented cases have experienced the proposed symptoms
of cybersex addiction. In a further qualitative study by Schneider (2000), 45 men and 10
women have been surveyed, who have reported negative consequences resulting from their
cybersex use. The study addresses gender differences in cybersex addiction and reveals that
men have reported watching and downloading particularly pornography and females have
preferred interactive cybersex facets, for example sexually motivated chats. Comparable to
the case studies, the majority of participants have reported former sexual addiction. Taken
together, the main merit of these and other qualitative studies (for review please see Kuss &
Griffiths, 2011b) is that they clearly point out that cybersex is associated to symptoms of
dependency in at least some individuals and that it is worth investigating this mental health
problem. Moreover, they have given the first impulse for the assumption that individuals who
share a problematic sex life in general might be more prone for the development of cybersex
addiction.
Comparable to qualitative approaches, quantitative studies have been conducted
aiming at describing the population and the online behavior of cybersex addicted individuals.
Contributing to the qualitative studies, Delmonico and Miller (2003) as well as Daneback et
al. (2006) report that cybersex use is frequent in sexual addicted individuals and that sex
addicted males and females spend more time on Internet sex sites. In an online study of
Cooper, Scherer, Boies, and Gordon (1999), 9,177 individuals have participated and have
been asked about their cybersex behaviors. Participants have been classified as low, moderate,
or heavy cybersex users on the basis of time spent on Internet sex sites. Heavy cybersex users
have indicated to spend more than 11 hours on the Internet for sexual purpose weekly, have
been less often partnered or married, and have reported greater subjectively perceived
interference of cybersex with their life. Cooper et al. (2004) proposes different types of
cybersex users. Recreational users are said to be quite common, using cybersex to gain sexual
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arousal, to relax, as a distraction, or for educational reasons. Besides this unproblematic use,
some risk groups have been assumed following their surveys. Individuals reporting past
difficulties with sex, individuals who use cybersex as coping mechanism in stress, individuals
using cybersex as emotion regulation strategy within dysphoric mood as well as individuals
using cybersex as compensatory for unfulfilled sexual fantasies in real-life are assumed to be
at risk for developing cybersex addiction. The mentioned quantitative studies give important
insight regarding the behavior and the motivation of cybersex participants and give first
empirical evidence for factors which can be assumed as specific factors of vulnerability for
the development of cybersex addiction. The main limitation of these studies is the missing
valid diagnostic criterion for cybersex addiction. Time spend on Internet sex sites might be an
indicator of cybersex addiction, but is not sufficient for diagnosis. Time issues leading to
subjective complaints in everyday life due to cybersex use might be strongly dependent on
personal life situations of the participants. Although some risk factors have been postulated
for the development of cybersex addiction, an experimental verification of these assumptions
is outstanding.
With respect to comorbidities of cybersex addiction, Schwartz and Southern (2000)
report high rates of sexual abuse and psychiatric symptoms in male and female cybersex
addicts. Most notably, affective, eating, and substance use disorders as well as sex addiction
have been diagnosed. However, data about the actual cybersex consume has not been
provided in the study of Schwartz and Southern (2000). Further evidence for a general
psychological-psychiatric symptom severity is given by the study of Brand et al. (2011). They
present correlations of tendencies towards cybersex addiction with psychological-psychiatric
symptoms of obsessive-compulsivity, interpersonal sensitivity, depression, anxiety, phobic
anxiety, paranoid ideation, psychoticism, and a general psychological-psychiatric symptom
severity in an analogue sample.
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Studies addressing neural correlates of cybersex addiction are missing. Since gaining
and anticipating sexual arousal and gratification seem to be the main reasons for engaging in
cybersex (Paul, 2009), it has been assumed that this may be a relevant key factor in the
development of cybersex addiction (Meerkerk et al., 2006; Young, 2008). There are several
neuroimaging studies investigating neural correlates of sexual arousal by presenting sexual
pictures to participants. Stoléru et al. (1999) report on neural activations in the nucleus
caudate, the insula, the anterior cingulate gyrus, and the inferior temporal gyrus elicited by
sexual cues in heterosexual males. Redouté et al. (2000) and Arnow et al. (2002) can replicate
these findings in heterosexual males and observe further activations in the claustrum, in the
orbitofrontal cortex, in the hypothalamus as well as in sensor and motor cortices. Two studies
addressing neural correlates of sexual arousal in hetero- and homosexual males show
comparable neural activations of sexual cues according to sexual preference in the nucleus
caudate, in the insula, in the thalamus, in the gyrus cingulate, in frontal lobes, in the
hypothalamus as well as in the cerebellum (Hu et al., 2008; Paul et al., 2008). Similar results
have been shown in the studies by Ponseti, Bosinski, Wolff, and Peller (2006) and by Kranz
and Ishai (2006). Taken together, the results converge to the view that sexual cues elicit brain
activations related to reward and that therefore sexual arousal taps into the neural systems of
reinforcement (e.g. Wightman & Robinson, 2002; Wise, 2002). Moreover, there is evidence
showing that sexual arousal can be conditioned in humans. Lalumiere and Quinsey (1998)
report findings regarding pavlovian conditioning of sexual arousal in heterosexual males. In
their study, a presentation of partially nude females (CS) has been combined with highly
arousing videotapes displaying heterosexual interactions (US). Following repeated association
of these stimuli, participants have reported greater sexual arousal, have shown longer viewing
times as well as increased reactions in penile tumescence responses due to the presentation of
the CS alone compared to a pretest. In another study by Hoffmann, Janssen, and Turner
(2004), sexually relevant pictures (CS) have been presented subliminally and have been
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followed by a highly arousal erotic film clip. Afterwards, male participants have shown
greater sexual arousal, greater skin conductivity as well as greater penile tumescence
responses. In a neuroimaging study by Klucken et al. (2009), pictures of geometric figures
have been followed by sexual pictures and abstract pictures have been followed by neutral
pictures. It is reported that past the conditioning males rated the geometric figures as more
positive and more arousing and have shown greater neural activity in amygdala, the thalamus
and in the brain stem compared to females. Against the background of these studies and the
highly reinforcing effects of sexual arousal (for review see Georgiadis & Kringelbach, 2012),
it makes theoretically absolutely sense to consider cue-reactivity and craving as potential
mechanisms of development and maintenance in cybersex addiction as well. Processes of
classical and operant conditioning might lead to an association of former neutral internal (e.g.
emotions, stress) and external (e.g. computer, home environment, etc.) cues with gratification
received by cybersex resulting in cue-reactivity and associated craving reactions.
Experimental studies investigating this postulated mechanism are widely missing. Only one
study indicates that subjective sexual arousal ratings for pornographic pictures covariies with
a tendency towards cybersex addiction (Brand et al., 2011). This study provides the first link
of cybersex addiction to cue-reactivity and needs to be addressed in more detail in further
studies. Therefore, Study 1 and Study 2 in this thesis address the role of sexual arousal and
craving as reactions to pornographic pictures as well as a specific predisposition in the
development and maintenance of cybersex addiction.
In summary, a lot of psychological research investigating Internet addiction has been
conducted in the last years. Early case-studies, theoretical assumptions and models have been
followed by the development of diagnostic instruments and lead to a series of studies
addressing psychological correlates of Internet addiction. While Internet addiction was
considered to be a unitary entity for several years, today there is a growing acceptance for
distinguishing between a GPIU and diverse SPIUs. Regarding cybersex addiction, the number
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of published studies is still very limited regarding personality, cognitive, and neural
correlates. Moreover, research on PIU lacks of addressing the role of general executive
functioning and the impact of addiction related cues on cognitive functioning for GPIU and
SPIU. Since investigating these associations improved the understanding of substance
addictions, study 3 and 4 aim at approaching to this important field. Therefore, a general
introduction to executive functioning and more detailed to working memory and decision
making will be given in the following sections.

1.3 Executive functioning
The complex construct of executive functioning tries to describe the interaction of higher
cognitive functions in order to facilitate goal-directed behaviors (for review see Alvarez &
Emory, 2006). There is an ongoing debate about the operationalization and the core facets of
executive functions, but still no unitary definition has been established. In general, executive
functions include diverse cognitive processes and are addressed by different theories, e.g. by
the concept of the supervisory attentional system (Norman & Shallice, 1986), the multicomponent model (Baddeley & Logie, 1999; Baddeley, 2010), or the somatic marker
hypothesis (Damasio, 1996) (for an overview of theories see Chan, Shum, Toulopoulou, &
Chen, 2008). Taken together, goal-directed behaviors in everyday life rely on “cold”
processes of logic and reasoning as well as on “hot” processes involving emotional arousal
(Chan et al., 2008). With respect to the rather “cold” processes of executive functions, the
core facets are the abilities to focus attention, to inhibit irrelevant information, to switch
between relevant information, but moreover, to plan, monitor and code information in
working memory (Miyake et al., 2000; Smith & Jonides, 1999).
Because executive functioning is a multidimensional construct, there are several
paradigms aiming at assessing its single components (for overviews on common instruments
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please see Alvarez & Emory, 2006; Chan et al., 2008; Jurado & Rosselli, 2007). Prominent
tasks are the “Wisconsin Card Sorting Test” (Heaton, Chelune, Talley, Kray, & Curtis, 1993),
the “Stroop Color Word Interference Test” (MacLeod, 1992), “Go/No-go-Tasks” (e.g.
Gomez, Ratcliff, & Perea, 2007), or the “Trail Making Test” (e.g. Tombaugh, 2004). Working
memory-performance is frequently measured with modifications of the n-back task (e.g.
Jaeggi, Buschkuehl, Perrig, & Meier, 2010).
Accordingly to the multidimensionality of executive functions, the neural correlates of
executive functions are mainly found in the frontal cortex, but are varying correspondingly to
the single facets (Stuss & Alexander, 2000). Using the current conception of executive
functioning it was shown, that there are differential neural correlates of the single processes
(for reviews see Jurado & Rosselli, 2007; Royall et al., 2002): While the dorsolateral
prefrontal cortex is the core correlate of planning, goal-selection, set-shifting, working
memory, and self-monitoring, the lateral orbitofrontal cortex is associated to inhibition and
emotional processing, and the anterior cingulate cortex is related to monitoring. However,
updating was shown to be linked to activity of the parietal lobe and the left middle and
inferior frontal gyrus (Collette et al., 2005).
Executive functions in addictions have been investigated in several studies. For
example, it was shown that alcohol, cocaine, amphetamine, cannabis and heroine addicted
individuals show deficits in attention, set-shifting, and working memory (e.g. Errico, King,
Lovallo, & Parsons, 2002; Indlekofer et al., 2009; Kübler, Murphy, & Garavan, 2005;
Ornstein et al., 2000). In a very elaborate study published by Verdejo-García, Bechara,
Recknor, and Pérez-García (2006), alcohol, cocaine, and methamphetamine addicted
individuals have been compared with healthy controls in several behavioral, cognitive, and
emotional tasks. With respect to executive functioning it is reported that the group of
substance addicted individuals has shown worse performance in tasks measuring working
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memory, inhibition, and mental flexibility. These cognitive deficits in substance addicted
individuals are explained by dysfunctional neural circuits in the prefrontal cortex resulting
from substance use (for reviews please see Goldstein & Volkow, 2011; Verdejo-García,
López-Torrecillas,

Giménez,

&

Pérez-García,

2004).

Studies

assessing

classical

neuropsychological test batteries in Internet addicted individuals have not been published yet.
Support for the assumption that executive functioning might be impaired in Internet
addictions as well comes from studies on pathological gambling as another behavioral
addiction. It was shown that pathological gamblers have deficits in inhibition, set-shifting,
working memory and planning (Forbush et al., 2008; Fuentes, Tavares, Artes, & Gorenstein,
2006; Goudriaan, Oosterlaan, de Beurs, & van den Brink, 2005). For results regarding
decision making in Internet addiction, please see section 1.3.2.
Because executive processes often work on the content of working memory (Smith &
Jonides, 1999), a more detailed Introduction on this will be given in the following section.
After that an overview about decision making will be given, because it was shown that
working memory is important for advantageous decision making (Hinson, Jameson, &
Whitney, 2002; Jameson, Hinson, & Whitney, 2004).

1.3.1 Working memory
In general, executive functions manipulate the content of working memory in order to
facilitate goal-directed behaviors. Several working memory models have been developed (for
overview see Miyake & Shah, 1999), which generally have in common that for all kinds of
cognitive processes, some information needs to be maintained by processes of active storage
or directed attention in what has also been termed short-term memory. While working
memory’s capacity is limited (Cowan, 2010), it is necessary for the development of speech,
understanding, learning, reasoning, problem solving as well as for decision making (Bechara,
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Damasio, Tranel, & Anderson, 1998; D’Esposito, 2007; Pecchinenda, Dretsch, & Chapman,
2006; Smith & Jonides, 1999). The most influential model of working memory is the
multiple-component model (Baddeley, 1994; 2000; 2010; Baddeley & Logie, 1999). It
distinguishes between a phonological loop, a visuospatial sketchpad, a central executive and
an episodic buffer, which are separate but interacting components to store and manipulate
information temporarily (see Figure 2).

Figure 2
The multicomponent model (modyfied from Baddeley, 2010). Visual or verbal information can be maintained
separately, combined or linked to long-term memory contents to be used for mental operations carried out by the
central executive.

Neuroimaging and brain lesion studies support the proposed structure of the model. It has
been shown that there are distinct and interacting brain structures building up prefrontal-
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parietal working memory circuits even for different kinds of stimuli (Cabeza & Nyberg, 2000;
Chein, Ravizza, & Fiez, 2003; D’Esposito, Postle, & Rypma, 2000; Hautzel, Mottaghy,
Schmidt, & Zemb, 2002; Müller & Knight, 2006; Smith & Jonides, 1997). Callicott et al.
(1999) have demonstrated that the amount of neural activity, particularly in the dorsolateral
prefrontal cortex, indeed depends upon the amount of memory load induced through a
working memory task. Moreover, there is evidence that sub-cortical structures such as the
basal ganglia (Cools, Gibbs, Miyakawa, Jagust, & D'Esposito, 2008; Voytek & Knight, 2010),
the hippocampus (Mitchell, Johnson, Raye, & D'Esposito, 2000) and the cerebellum (Hautzel,
Mottaghy, Specht, Müller, & Krause, 2009) play a supportive role in executive and working
memory functions. It was also shown that amygdala’s activity, classically considered to be
part of the emotion processing limbic system, is correlated with working memoryperformance (Schaefer et al., 2006), which is explained by an early enhancement of attention
in information processing.
Taken together, working memory is an important facet of executive functioning,
relevant for cognitive processes and for everyday functioning in individuals’ life. Although it
has been shown that emotional stimuli of positive or negative valence interfere with working
memory because they bind attention (e.g. Erk, Kleczar, & Walter, 2007), no studies have
addressed the effect of sexual stimuli on working memory. This seems important, because it
might partly explain the negative consequences occurring during or after engaging in
cybersex, as reported by at least some individuals (Griffiths, 2001). Moreover, addressing this
research question might contribute to the understanding of cybersex addictions’ mechanisms
of development and maintenance. It was shown that addiction related cues are processed
differently: They bind attention more strongly and lead to greater interference with cognition
(Field, Munafò, & Franken, 2009; Field & Cox, 2008), they lead to craving, and are
associated to relapse (Carter & Tiffany, 1999; Tiffany & Wray, 2012). Study 3 in this thesis
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addresses the effect of sexual stimuli on working memory and discusses the relevance of the
observed interfering effects of sexual arousal for cybersex addiction.

1.3.2 Decision making
Decision-making research aims at explaining why individuals make rather advantageous or
disadvantageous decisions under certain circumstances. To address the underlying
mechanisms a convention was established, which distinguishes between two decision
situations on the basis of the explicitness of the probability as well as the amount of possible
decision consequences. If the amount of reward or punishment and their probabilities are not
explicit, decisions are made under the condition of ambiguity. If the decision situation is more
explicit, meaning that potential reward and punishment as well as their probabilities are
known or calculable, decisions are done under the conditions of risk (Bechara, Damasio,
Tranel, & Damasio, 1997; Brand, Labudda, & Markowitsch, 2006).
With respect to decisions under ambiguity, the somatic marker hypothesis proposes
that individuals' decisions are influenced by earlier emotional experiences of similar decision
situations (Bechara, Damasio, Damasio, & Anderson, 1994; Bechara, Tranel, & Damasio,
2000; Dunn, Dalgleish, & Lawrence, 2006). According to this, studies have pointed out the
relevance of functional emotion related brain structures with respect to advantageous decision
making in daily life and laboratory setting using the Iowa Gambling Task (IGT, Bechara,
Damasio, & Damasio, 2000, 2003; Bechara, Damasio, Damasio, & Lee, 1999; Bechara et al.,
1994; Denburg et al., 2007; Dolan, 2002; Naqvi, Shiv, & Bechara, 2006). In contrast, the role
of emotional feedback has a secondary role in decision making under risk. Although
emotional biases have also an impact on these decisions, it has been shown that rule based
feedback learning, executive functioning, strategy application, probability handling, and
logical thinking is more relevant for decisions under risky conditions (Brand, 2008; Brand,
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Heinze, Labudda, & Markowitsch, 2008; Brand, Laier, Pawlikowski, & Markowitsch, 2009;
Brand, Recknor, Grabenhorst, & Bechara, 2007; Cokely & Kelley, 2009; Schiebener,
Zamarian, Delazer, & Brand, 2011). Correspondingly, the dorsolateral prefrontal cortex has
been demonstrated to be a main neural correlate of risky decision making (Labudda et al.,
2008), which is in turn known to be associated with attention, inhibition, working memory
and executive functioning (D'Esposito, Postle, & Rypma, 2000; Smith & Jonides, 1997;
1999). Two models of decision making are illustrated in Figure 3.

Figure 3
Illustration of decision making under ambiguity (A, modified from Bechara et al., 1997) and decision making
under risk (B, modified from Brand, Labudda, & Markowitsch, 2006).
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Further evidence contributing to the view that decision under ambiguity and risk are mediated
by different systems comes from studies with secondary-tasks, showing that decisions under
risk, but not under ambiguity are interfered by secondary-tasks which have demands on
executive functioning (Starcke, Pawlikowski, Altstötter-Gleich, Wolf, & Brand, 2011;
Turnbull, Evans, Bunce, Carzolio, & O’Connor, 2005). Summarized and assigned on a more
cognitive level, decisions under ambiguity are done rather by an intuitive system, while
decisions under risk are more directed by reasoning (Kahneman, 2003). With respect to
decision making under ambiguity, the stimulating nature and the emotional processing of
pornographic pictures could interfere with the emotional feedback learning (most notably of
negative consequences) necessary for the development of advantageous decision making in
the long run.
With respect to addiction, it has been demonstrated that decision-making performance
under ambiguity as well as under risk is impaired in substance consuming individuals (e.g.
Bechara & Martin, 2004; Bechara & Damasio, 2002; Bechara, Dolan, & Hindes, 2002; Bolla
et al., 2003; Brand et al., 2005, 2009; Brand, Roth-Bauer, Driessen, & Markowitsch, 2008).
Regarding Internet addiction, two studies assessed the IGT in Internet addicted students. One
of these two study revealed worse (Sun et al., 2009) and the second better (Ko et al., 2010)
decision-making performance in the IGT. The first result is in line with literature reporting
that individuals with pathological gambling or excessive usage of online games rather decide
disadvantageously under ambiguity and risk (Brand, Kalbe, et al., 2005; Goudriaan,
Oosterlaan, Beurs, & Brink, 2005; Pawlikowski & Brand, 2011). Against this background, the
finding of better decision-making performance in Internet addicted individuals (Ko et al.,
2010) is not as expected. On a speculative level, the authors try to explain this result in the
way that students might rely more on explicit information neglecting emotion-based
information in a decision-making situation. One problem of both studies addressing decision
making in Internet addiction is that the used diagnostic instruments for Internet addiction did
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not distinguish between an addicted use of the Internet in general or of specific Internet
applications. Because of that, the generalization of these results is limited.
Taken together, advantageous decision making can rely on the functional integration
of emotional feedback and/or on components of executive functioning. But both might be
interfered by sexual arousal leading to rather disadvantageous decision making associated
with negative consequences. Study 4 in this thesis addresses the role of sexual arousal on
decision making under ambiguity and aims at explaining why some individuals decide
disadvantageously during cybersex. Moreover, the study discusses the relevance of the
interfering role of sexual arousal with decision making for cybersex addicted individuals.

1.4 Summary of the general Introduction
After reviewing the literature on Internet addiction it has become clear that Internet addiction
is a serious mental health problem associated with subjective complaints in everyday life and
symptoms of dependency. The main achievements in the last years consist of the development
of theoretical models regarding Internet addiction as well as diagnostic instruments.
Moreover, there is growing agreement that it has to be distinguished between GPIU and
SPIU. Regarding GPIU, mainly its phenomenology and diverse personality correlates have
been addressed. Concerning SPIU, mainly online gaming has been investigated, while the
number of studies addressing cybersex addiction is very limited. Research on cybersex
addiction lacks of experimental studies exploring the role of cue-reactivity as well as of
executive functioning. To approach this research gap, four studies will be presented in the
following addressing mainly the role of the stimulating and reinforcing nature of Internet
pornographic stimuli in the development of cybersex addiction as well as their effect on
working memory and decision making. Each study will be discussed separately at first and a
general conclusion of the study’s results will be given finally.
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2. Study 1: Gratification and not a compensation of unsatisfied real-life sex explains
cybersex addiction.

2.1 Abstract
Some individuals report personal distress and subjective complaints in everyday life resulting
from cybersex use. The issue of cybersex addiction is under scientific debate, while
experimental investigations addressing mechanisms of development and maintenance are
missing. The aim of this study was to investigate the gratification and compensation
hypothesis of cybersex addiction in a cross-sectional within-group experimental design. 171
participants were screened for symptoms of cybersex addiction using the short version of the
Internet Addiction Test modified for Internetsex sites. In an experimental paradigm,
participants rated 100 pornographic pictures of ten categories with respect to subjective sexual
arousal. Viewing times as implicit measurement of attraction to the presented stimuli were
recorded. Furthermore, individuals were asked about their cybersex use as well as their sexual
real-life contacts. Sexual arousal rating and viewing times for pornographic pictures, craving,
the variety of interest in Internet pornographic content as well as the frequency of Internet
pornography use accompanied by masturbation predicted a tendency towards cybersex
addiction (R2 = .29, p < .001). In contrast, the number of sexual real-life contacts as well as
the satisfaction with the frequency and the quality of real-life sexual contacts did not predict
cybersex addiction. As shown by moderated regression analysis, individuals reporting high
satisfaction with the quality of their real-life sexual contacts and high craving reactions show
the highest severity of cybersex addiction. Results emphasize the role of positive
reinforcement gained by cybersex and need to be discussed with respect to cue-reactivity in
the development of cybersex addiction.
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2.2 Introduction
The Internet offers lots of applications which may be used for private, social or work
purposes. While most people use the Internet without experiencing any problems, some
individuals develop an Internet usage pattern accompanied by the experience of negative
consequences and subjective complaints in everyday life (Byun et al., 2009; Chou et al.,
2005). While this phenomenon has been named differently (Block, 2008; Caplan, 2005;
Davis, 2001; Larose, Lin, & Eastin, 2003) cybersex is thought to be one of the most
compromising Internet applications for the development of an Internet addiction (Meerkerk et
al., 2006; Young et al., 1999). Even though there is still not enough data allowing conclusions
regarding the nature of Internet addictions to be drawn, addiction seems to be the most
appropriate term since the phenomenology of substance and behavioral addictions have been
shown to be similar with respect to behavioral and biological mechanisms (Grant et al., 2006;
Potenza, 2008). Regardless of the outstanding classification as a distinct addiction or a form
of a general hypersexual behavior, several authors describe individuals suffering from
symptoms similar to those displayed within addiction and impulsive-compulsive spectrum
disorders emerging from their cybersex use (Griffiths, 2001; Young, 2008). Given the high
prevalence of comorbidity in cybersex addiction, this topic has high clinical relevance, but
experimental studies addressing potential mechanisms of development and maintenance of
cybersex addiction are sparse (Brand et al., 2011; Kuss & Griffiths, 2011). The gratification
and the compensation hypothesis have been postulated to explain how cybersex addiction
may develop or increase (Kuss & Griffiths, 2011; Young, 2008). However, the question
whether gratification, compensation, or both can be considered as predictive factors for the
severity of cybersex addiction has not yet been investigated experimentally.
Cybersex comprises a variety of sexually motivated behaviors carried out on the
Internet. This includes watching pornographic pictures and videos, taking part in sexually
motivated chats or in sex via webcam, but also the online searching for offline sex partners
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(Döring, 2009). Though more and more studies address aspects of sexually motivated
behavior on the Internet, an exact definition of cybersex, actual consumer behavior as well as
the effects of cybersex usage is not yet clearly described. Watching pornography is considered
to be the most common and widespread cybersex application (Short et al., 2012). Some
studies indicate that cybersex is indulged in by a great variety of individuals, e.g. adolescents
(Brown & L’Engle, 2008), students (Goodson, McCormick, & Evans, 2001; Shaughnessy,
Byers, & Walsh, 2011) and adults of all ages (Cooper et al., 1999; Daneback, Cooper, &
Månsson, 2005). Motivation for cybersex arises for different reasons: While users may satisfy
their curiosity, stimulate fantasy, gather information or manage mood by cybersex (Cooper et
al., 1999; Goodson et al., 2001; Paul & Shim, 2008), gaining sexual arousal seems to be the
strongest predictor of cybersex usage (Paul, 2009). Moreover, a frequent utilization of
cybersex is thought to be encouraged by Internet pornography’s easy, mostly free or
affordable accessibility, while users assume a high degree of both anonymity and control
(Cooper et al., 2000; Griffiths, 2000; Young et al., 1999).
Most individuals perceive a positive impact of cybersex, e.g. the experience of sexual
arousal (Paul, 2009; Shaughnessy et al., 2011) improvement of their sex life, acquisition of
sexual knowledge, a change in attitudes towards sex and life in general (Hald & Malamuth,
2008) as well as an enrichment of real-life sexual contacts due to a greater sexual openness
(Grov, Gillespie, Royce, & Lever, 2011). While a discussion of a negative impact of
pornography usage in general on opposite gender role-models (Barak, Fisher, Belfry, &
Lashambe, 1999), sexual socialization (Stulhofer, Busko, & Landripet, 2010), partnerships
(Whitty & Quigley, 2008) and sexual aggression (Kingston, Fedoroff, Firestone, Curry, &
Bradford, 2008) has also found its introduction into (Internet) pornography literature, there
are several cybersex specific risks and possible negative consequences discussed, which
cybersex participants may experience during or following the use of cybersex. Individuals
report problems in controlling their cybersex use, missing sleep, forgetting appointments,
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disregarding responsibilities, family, partnership or friends (Cooper et al., 2004; Griffiths,
2001; Young, 2008). It was reported that there are individuals suffering from cybersex
addiction (Kuss & Griffiths, 2011b), which is linked to personal distress due to an inability to
control one’s cybersex use, the persistent experience of negative consequences in individuals’
life, and unsuccessful efforts to reduce the behavior.
With respect to the development of cybersex addiction some approaches try to explain
the addictive process through analogy to substance addictions. In Davis' (2001) cognitivebehavioral model it is described that cybersex addiction might develop due to a pre-existing
psychopathology, but the role of immediate reinforcement gained by Internet pornography use
is also emphasized. Complementary to this, Young (2008) claims that the reinforcing effects
of cybersex – in terms of anticipation of gratification – might foster its use as a coping
mechanism and emotion regulation. Following this rationale, the discovery of and
experimentation with cybersex escalates in some users, resulting in an addictive usage pattern.
The role of these learning mechanisms and reward craving has been shown to be crucial for
the development and maintenance of substance addictions (Carter & Tiffany, 1999; Everitt &
Robbins, 2005), as well as for other behavioral addictions (Crockford et al., 2005; Goudriaan
et al., 2010; Ko et al., 2009; Potenza et al., 2003; Sodano & Wulfert, 2009; Thalemann et al.,
2007; Wulfert et al., 2009). We consider cue-reactivity and reward craving to be crucial
processes in the development of cybersex addiction as well, since sexual arousal taps into
neural systems of reinforcement (Arnow et al., 2002; Bancroft, 2005; Holstege et al., 2003;
Paul et al., 2008; Redouté et al., 2000; Stolèru et al., 1999).
Based upon the claims that the anticipation and the experience of sexual arousal is the
key element of engaging in cybersex excessively (Young, 2008) one would assume that the
development of cybersex addiction is encouraged by gratification. However, this assumption
has only been investigated in one study demonstrating associations of sexual arousal ratings
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of pornographic pictures with cybersex addiction (Brand et al., 2011). Based upon these
assumptions, missing or unsatisfying sexual real-life contacts should also be considered as
risk factors for the development of cybersex addiction (Kuss & Griffiths, 2011). Encouraged
by Internet pornography’s easy availability, individuals might engage in cybersex to
compensate poor real-life sex and use cybersex as a substitute of sexual real-life contacts. In
fact, some users report engaging in cybersex primary to fulfill sexual fantasies missed in reallife sexual intercourse (Cooper et al., 2004). Investigating these research questions might lead
to a better understanding of the phenomenon of cybersex addiction with respect to the role of
learning mechanisms (Carter & Tiffany, 1999) for the development of cybersex addiction.
Following the theoretical assumptions, gratification and compensation hypotheses
imply differential predictors of the severity of cybersex addiction. According to the
gratification hypothesis, indicators of attraction to or sexual arousal due to pornographic
pictures should explain this severity. In contrast, following the compensation hypothesis, the
quantity, the variability, and the satisfaction with real-life sexual contacts should be the
relevant predictors. Moreover, following the aforementioned potential combination of
gratification and compensation, indicators of gratification should moderate or mediate,
respectively, the relationship between indicators of compensation and a tendency towards
cybersex addiction.

2.3 Methods
2.3.1 Participants
In this study, 171 heterosexual men (Mage = 24.56 SD = 5.22) participated. They were
recruited by advertisements in public or on campus of the University of Duisburg-Essen. We
explicitly addressed male, heterosexual participants of legal age. We indicated that study
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participation would include a confrontation with explicit pornography of legal sexual
practices. All participants gave written informed consent prior to the investigation, confirmed
their heterosexual preference via questionnaire and were paid at an hourly rate for
participation (10€/hr.). Mean years of education was M = 12.53 (SD = 1.08). All participants
indicated that they had any form cybersex at least once in their life. Mean age at first cybersex
use was M = 15.86 (SD = 4.48). All questionnaires and the experimental paradigm were
administered in a computer-based laboratory setting. The study was approved by the local
ethics committee.

2.3.2 Internetsex Addiction Test
Subjective complaints in everyday life due to cybersex and severity of cybersex addiction
were assessed with a modified version of the German short-version Internet Addiction Test (sIAT, Pawlikowski, Altstötter-Gleich, & Brand, 2012). The original Internet Addiction Test
assesses symptoms of Internet addiction with twenty items (Young, 1998). In the s-IAT,
twelve items have to be answered on a five-point scale from 1 (= never) to 5 (= very often)
resulting in sum scores ranging from 12 to 60. The authors report a two-factorial solution of
the s-IAT as revealed by exploratory and confirmed by confirmatory factor analysis. All items
have a high load on one and a low load on the other factor. The reliability of the two factors
“loss of control and time management” (Cronbach’s α = .876) and “craving and social
problems” (Cronbach’s α = .836) as well as of the overall scale (Cronbach’s α = .897) is high.
Moreover, to address the convergent and divergent validity of the scale, the method of
destructive testing (Anderson & Anderson, 1996) was used. Both factors and the overall score
of the s-IAT correlate with a general psychiatric symptom severity, impulsivity, and
personality facets. Furthermore, a strong relationship to the Compulsive Internet Use Scale
(Meerkerk, van den Eijnden, Vermulst, & Garretson, 2009) is reported (r = .897, p < .001).
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For both factors of the s-IAT divergent and incremental validity was revealed when correlated
with or regressed on the specific facets of the validation constructs (Pawlikowski et al., 2012).
Because both factors were moderately correlated (r = .57, p < .01), authors suggest that the
overall score as well as two sub scores can be used in future studies. Moreover the authors
state that all items are suited for modification for diverse specific Internet applications. In this
study, the s-IAT was modified for Internet sex sites (s-IATsex). Comparable to the
modification in the study of Brand et al. (2011), terms like "online" or "Internet" were
replaced by the terms "online sexual activity" or "Internet sex sites". An example item is
"How often do you find that you stay on Internet sex sites longer than you intended?". In our
sample, internal consistency of the s-IATsex was high (Cronbach’s α = .841).

2.3.4 Indicators of the gratification hypothesis
To assess subjective sexual arousal experienced during watching pornographic material, the
study's experimental paradigm comprised a randomized presentation of 100 standardized
explicit pornographic pictures (ten categories having ten pictures each). To control for the
influence of specific sexual interests, only Caucasian people of an approximate age of 25 to
35 years and no fetish relevant information were shown. Pictures displayed heterosexual sex
(vaginal, anal and oral sex, with two oral categories: one with the man the cunnilingus and
one with the woman doing the fellatio actively), homosexual sex (anal and oral sex between
two men, tribadism and oral sex between two women) as well as single masturbating men and
women, all in an indoor scenery. Each picture had to be rated on a five-point scale with
respect to subjective arousal (1 = sexually not arousing to 5 = sexually very arousing).
Additionally, viewing times (VT) as an unobtrusive measurement of sexual attraction to the
presented stimulus were recorded (Imhoff et al., 2010). Of particular interest were the sexual
arousal ratings and the VT of “heterosexual pornography” (vaginal, oral and anal sex between
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a man and a woman, tribadism and oral sex between two women and masturbating women).
Before and after the experimental paradigm, participants were asked to indicate their urge to
masturbate from 0 (= no urge to masturbate) to 100 (= very great urge to masturbate). As an
indicator of reward craving strengths, the urge to masturbate at t1 was subtracted from the
urge to masturbate at t2, resulting in a delta score (craving ∆). To assess attraction to various
forms of pornographic content, participants were shown a list of 29 sexual practices or
fetishes (vaginal intercourse, group sex, role play, different fetishes for clothes, etc.) and
asked, in which of those they were interested in, scale from 0 (= not interesting) to 3 (= very
interesting). Using this information, we calculated a score indicating the variability of the
individual’s interest in Internet pornographic content. This Internet pornography variability
score was computed as a cumulative value of those of the 29 items which were answered with
2 (= rather interesting) or 3 (= very interesting). Furthermore, participants were asked how
often they watch pornographic pictures or videos on the Internet using a scale from 1 (=
never) to 5 (= very often) as well as how often they masturbate when watching pornography
on the Internet (1 = never to 5 = very often).

2.3.5 Indicators of the compensation hypothesis
Participants were surveyed with respect to their real-life sexual contacts. We assessed an
approximation of the number of sexual contacts in the last six months. To specify the
variability of sexual real-life contacts, we presented 22 sexual practices (vaginal intercourse,
group sex, clothes fetishes, etc.) and asked the participants how often they had practiced these
in the last six months. Using this information, we calculated a score indicating the variability
of an individual’s real-life sexual contacts. This variability score was computed as a
cumulative value of practiced sexual practices in the last six months (no matter how often it
was performed out and how satisfied individuals were with the sexual contact) and could
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range from 0 to 22. Moreover, if there was at least one sexual contact within the last six
months, participants were asked to indicate how satisfied they were with the frequency (1 =
not satisfied to 5 = very satisfied) and the quality (1 = not satisfied to 5 = very satisfied) of
their sexual contacts in the last six months.

2.3.6 Statistical analyses
All analyses have been carried out with SPSS 20.0 (IBM, 2011). T-tests for dependent
samples and repeated measures ANOVAs were used to compare sexual arousal ratings as well
as VT with regard to the pornographic picture categories. To investigate the relationship
between indicators of the gratification and the compensation hypothesis as well as with the sIATsex Pearson’s correlation was used. To predict the s-IATsex, hierarchical and moderated
regression analyses were carried out. Two-tailed tests were performed for all analyses, p was
set to .05.

2.4 Results
The results of the experimental paradigm are shown in Table 1. Moreover, an illustration of
the results is given in Figure 4 to demonstrate the relationship of ratings with viewing times
graphically. Repeated measures ANOVA revealed a significant effect of the within-subject
factor “pornographic picture category” with respect to sexual arousal ratings, Wilks’ Lambda
= .06, F(9, 162) = 259.23, p < .01, η2 = .94. According to the preference of a heterosexual
male, we calculated the mean sexual arousal for “heterosexual pornography” (including
heterosexual sex, sex between females, and single masturbating women) and “homosexual
pornography” (including sex between men or single masturbating men). As indicated by t-test
for dependent groups, “heterosexual pornography” (M1) was rated as more sexually arousing
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than “homosexual pornography” (M2), M1 = 3.37, SD = .70, M2 = 1.11, SD = .33, t(170) =
41.34, p < .01, d = 4.48) with a large effect (Cohen, 1992). A second repeated measures
ANOVA revealed a significant effect of the within-subject factor “pornographic picture
category” when the dependent variable were VT, Wilks’ Lambda = .23, F(9, 162) = 60.37, p
< .01, η2 = .77. As indicated by t-test for dependent groups, “heterosexual pornography” (M1)
was watched longer than “homosexual pornography” (M2), M1 = 4.05, SD = 1.42, M2 = 2.18,
SD = 1.06, t(170) = 20.12, p < .01, d = 2.17) with a large effect (Cohen, 1992).

Table 1
Result of the experimental pornographic picture presentation. Ten pornographic picture
categories were rated with respect to sexual arousal while viewing times were recorded.
sexual arousal rating1

viewing times2

M

SD

M

SD

male female vaginal sex

3.59

.76

4.30

1.70

male female anal sex

3.23

.93

4.54

1.97

male female oral sex (fm)

3.34

.88

3.81

1.52

male female oral sex (mf)

3.14

.75

4.19

1.58

female female tribadism

3.39

.87

3.97

1.51

female female oral sex

3.54

.81

3.78

1.71

male male anal sex

1.14

.46

2.49

1.29

male male oral sex

1.11

.35

1.99

1.13

female masturbation

3.38

.77

3.73

1.44

male masturbation

1.07

.22

2.04

1.00

N = 171

1

scale from 1 (= sexually not arousing) to (5 = sexually very arousing)

2

in seconds
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Figure 4
Result of the experimental pornographic picture presentation. Sexual arousal rating to the ten pornographic
picture categories is represented by black bars and left axis. VT measure is represented by white bars and right
axis. Error bars represent standard deviations.

As indicated by t-test for dependent groups, the experimental paradigm lead to a significant
increase in the urge to masturbate with a large effect (Mt1 = 6.58, SD = 10.94 , Mt2 = 22.19,
SD = 26.43, t = -8.54, p < .05, d = .87) (Cohen, 1992). A description of gratification and
compensation hypothesis’ indicators is shown in Table 2.
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Table 2
Description of variables concerning cybersex consuming behavior, indicators of gratification
as well as indicators of compensation.
N = 171

M

SD

19.27

6.22

sexual arousal rating (heterosexual pictures)1

3.37

.70

viewing times (heterosexual pictures)

4.05

1.42

urge to masturbate (craving) ∆

14.02

25.98

Internet pornography variability score2

3.51

2.45

pornographic picture usage3

1.21

1.09

pornographic video usage3

2.81

1.04

masturbation frequency during cybersex3

3.04

1.08

25.42

33.25

s-IATsex

indicators of gratification

indicators of compensation
frequency of sexual contacts (6 months)

real-life sexual contacts variability score (6 months)4 5.32

3.16

satisfaction (frequency, 6 months)5

1.46

1.12

satisfaction (quality, 6 months)5

1.98

1.06

1

scale from 1 (= sexually not arousing) to 5 (= sexually very arousing)

2

range from 0 - 29

3

scale from 1 (= never) to 5 (= very often)

4

range from 0 - 22

5

scale from 1 (= not satisfied) to 5 (= very satisfied)
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2.4.1 Gratification hypotheses
The s-IATsex was correlated with variables indicating attraction to or sexual arousal due to
pornographic pictures (see Table 3). The s-IATsex correlates consistently with indicators of
gratification. The observed effect sizes were small to moderate (Cohen, 1992).
To analyze the influence of the indicators of the gratification hypothesis on the sIATsex a hierarchical regression analysis was conducted. In its first step, the pornographic
picture rating together with the VT measurement explained 5.00% of the s-IATsex (F(2,168)
= 4.39, p < .05). In the second step, craving ∆ lead to a significant increase of s-IATsex’
variance explanation (changes in R2 = .04, changes in F(1, 167) = 7.03, p < .01). The
variability score for Internet pornography (third step) also lead to a significant increase of
variance explanation (changes in R2 = .07, changes in F(1, 166) = 14.04, p < .001). Adding
the frequency of Internet pornographic picture and video use and the masturbation frequency
when watching Internet pornography (fourth step), increased the variance explanation of the
s-IATsex significantly (changes in R2 = .13, changes in F(3, 163) = 10.34, p < .001). The
whole model was significant and explained 29% of the s-IATsex (R2 = .29, F(7, 163) = 9.68, p
< .001). For further values of this regression analysis see Table 4.

Table 3
Correlations of subjective complaints in everyday life due to cybersex usage as measured by the s-IATsex with indicators of attraction to or sexual
arousal due to pornographic pictures.
N = 171

s-IATsex

sexual arousal

viewing times

Internet

pornographic

pornographic

rating

(heterosexual

pornography

picture use

video use

(heterosexual

pictures)

variability

craving ∆

pictures)

score

sexual arousal rating (heterosexual pictures)

.16*

viewing times (heterosexual pictures)

.15*

-.06

craving ∆

.23**

.24**

-.02

Internet pornography variability score

.32**

.13

.03

.19*

pornographic picture use

.27**

.08

.02

.12

.20**

pornographic video use

.43**

.36**

.03

.40**

.30**

.08

cybersex masturbation

.42**

.30**

.12

.36**

.31**

.13

* = p ≤ .05 (correlation is significantly different from zero with alpha = 5%, two-tailed)
** = p ≤ .01 (correlation is significantly different from zero with alpha = 5%, two-tailed)

.67**

Table 4
Hierarchical regression analyses with indicators of the gratification hypothesis predicting the
s-IATsex score as dependent variable.
Main effects of the single predictors in the

β

T

p

“sexual arousal rating (heterosexual pictures)"

-.01

-0.21

.83

“viewing times (heterosexual pictures)”

.11

1.65

.10

"craving ∆”

.02

0.30

.77

“Internet pornography variability score”

.15

2.07

.04

“pornographic picture use”

.19

2.80

.01

“pornographic video use”

.24

2.61

.01

“cybersex masturbation”

.17

1.88

.06

whole model

2.4.2 Compensation hypothesis
The s-IATsex was correlated only with the variability of real-life sex, not with any of the
other variables concerning the number of and satisfaction with real-life sexual contacts (Table
5).
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Table 5
Correlations of the s-IATsex with variables concerning the number and the variability of as
well as satisfaction with real-life sexual contacts.
N = 171

s-IATsex frequency of

real-life sex

satisfaction

sexual contacts

variability

(frequency)

(6 months)

score

frequency of sexual contacts (6 months)

.02

real-life sex variability score

.23**

.29**

satisfaction with sexual contacts (frequency)

-.07

.55**

.42**

satisfaction with sexual contacts (quality)

.05

.42**

.53**

.61*

* = p ≤ .05 (correlation is significantly different from zero with alpha = 5%, two-tailed)
** = p ≤ .01 (correlation is significantly different from zero with alpha = 5%, two-tailed)

To investigate potential moderating effects of the satisfaction dimensions, four hierarchical,
moderated regression analyses with the s-IATsex as dependent variable were conducted.
Therefore, all variables were centralized (Cohen, Cohen, West, & Aiken, 2003). In the first
model, the variability score for real-life sexual contacts served as the first predictor and
explained 5.10% of the variance in the s-IATsex (F(1, 169) = 9.09, p < .05). Adding
satisfaction with the frequency of sexual contacts (second step) lead to a significant increase
in variance explanation (changes in R2 = .03, changes in F(1, 168) = 6.32, p < .05). The
interaction of both (third step) did not explain variance significantly (changes in R2 = .01,
changes in F(1, 167) = 1.45, p = .23). The overall explanation of the s-IATsex by all
predictors remained significant (R2 = .09, F(3, 167) = 5.73, p < .01). In a second regression
model, the variability score for real-life sexual contacts explained again 5.10% of the variance
of the s-IATsex. Entering satisfaction with the quality of sexual contacts (second step)
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(changes in R2 = .01, changes in F(1, 168) = 1.23, p = .27) and the interaction of both (third
step) (changes in R2 < .01, changes in F(1, 167) = .06, p = .80) did not lead a significant
increase in variance explanation. The overall explanation of the s-IATsex remained
significant (R2 = .06, F(3, 167) = 3.45, p < .05). In the third regression model, the number of
sexual contacts, the satisfaction with frequency of sexual contacts and their interaction did not
lead a significant variance explanation (R2 = .01, F(3, 167) = .62, p = .61). In the fourth
regression model, the number of sexual contacts, the satisfaction with the quality of sexual
contacts and their interaction did not lead a significant variance explanation (R2 = .004, F(3,
167) = .25, p = .86).

2.4.3 Combined hypothesis
To combine indicators of both hypotheses, two moderated regression analyses with the sIATsex as dependent variable were conducted. All variables were centralized (Cohen et al.,
2003). Correlations between all indicators are shown in Table 6.
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Table 6
Correlations of the indicators of the gratification hypothesis with the indicators of the
compensation hypotheses.
N = 171

number of sexual

real-life sex

satisfaction

contacts (6 months)

variability score (frequency)

satisfaction
(quality)

sexual arousal rating (heterosexual pictures)

.04

.08

-.01

-.05

viewing times (heterosexual pictures)

.04

-.03

-.01

.08

craving ∆

-.03

.11

-.11

.02

Internet pornography variability score

-.02

.40**

-.01

.12

pornographic picture use

-.02

.11

-.04

.02

pornographic video use

-.14

.21**

-.16*

.05

cybersex masturbation

-.05

.15

-.15*

-.01

* = p ≤ .05 (correlation is significantly different from zero with alpha = 5%, two-tailed)
** = p ≤ .01 (correlation is significantly different from zero with alpha = 5%, two-tailed)

In both models, craving ∆ as first predictor explained 5.20% of the s-IATsex (F(1, 169) =
9.26, p < .01). Adding the satisfaction with the frequency of sexual real-life contacts (second
step) (p = .51) as well as their interaction (third step) (p = .74) did not increase variance
explanation significantly. The whole model remained significant (R2 = .05, F(3, 167) = 3.24, p
< .05). Adding the satisfaction with the quality of sexual contacts (second step), variance
explanation did not increase significantly (p = .57). The interaction of craving ∆ and the
satisfaction with the quality of sexual contacts lead to a significant increase of s-IATsex
explanation (changes in R2 = .02, changes in F(1, 167) = 4.58, p < .05). The whole model was
significant (R2 = .07, F(3, 167) = 4.78, p < .01). Given the significant interaction effect, we
analyzed simple slopes in order to address the moderating effect in more detail. The slope of
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regression line representing “low satisfaction with the quality of sexual contacts” (one
standard derivation below the mean) was not significantly different from zero (t = 0.47, p =
.64), regardless whether or not the craving ∆ was low or high. The slope of regression line
representing “high satisfaction with the quality of sexual contacts” was significantly different
from zero (t = 4.06, p < .01), representing a higher s-IATsex when satisfaction was high and a
lower s-IATsex score when satisfaction was low, respectively (see Figure 5). Since the
number of sexual contacts, the satisfaction with frequency of sexual contacts as well as the
satisfaction with the quality of sexual contacts do not correlate with the s-IATsex, there is no
reason to assume a mediation effect of the indicators of gratification on the relationship
between the indicators of the compensation hypothesis with the s-IATsex (Preacher & Hayes,
2004).

Figure 5
Demonstration of hierarchical regression analysis’ results with the s-IATsex as dependent variable showing a
moderation by satisfaction with the quality of sexual real-life contacts. Participants reporting ‘low satisfaction’
show no difference in the s-IATsex. Individuals reporting a ‘high satisfaction’ have a higher s-IATsex score, if
they report high craving.
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2.5 Discussion
The aim of the present study was to investigate experimentally the gratification and
compensation hypothesis with respect to the severity of cybersex addiction by using
indicators of both hypotheses to predict subjective complaints in everyday life due to cybersex
usage in heterosexual males. We found correlations of a tendency towards and severity of
cybersex addiction with indicators of attraction to or sexual arousal due to pornographic
stimuli as well as with the variability of performed out sexual practices in sexual real-life
contacts. These indicators were able to predict the severity of cybersex addiction indicated by
the users. Concerning craving reactions, a moderation effect of the satisfaction with the
quality of sexual real-life contacts was found. However, the number of sexual real-life
contacts in combination with the satisfaction with sexual intercourses did not show an effect
on the tendency towards cybersex addiction. In summary, our results support the gratification
hypothesis (Brand et al., 2011; Kuss & Griffiths, 2011b; Young, 2008). This needs to be
discussed with respect to the role of reinforcement and learning mechanisms in the
development of cybersex addiction.
The study’s main result is that sexual arousal ratings and VT for pornographic
pictures, an indicator of craving (urge to masturbate), the variability of interest in Internet
pornographic contents, and the frequency of cybersex usage accompanied with masturbation
together predict a tendency towards or the severity of cybersex addiction, respectively.
Moreover, individuals who were gratified by their sexual real-life contacts and showed
craving reactions for pornographic stimuli reported a higher severity of cybersex addiction.
This highlights the importance of receiving reinforcement by cybersex for the development
and maintenance of cybersex addiction, which is in line with the theoretical background of the
development of substance addictions (for review see Koob & Volkow, 2010). Most notably,
receiving reinforcement and consequentially conditioned learning as well as the development
of cue-reactivity are known to be key factors for the development and maintenance of
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substance addictions (Berridge et al., 2009; Everitt & Robbins, 2005; Hyman et al., 2006).
Physiologically, the effect of reinforcement is related to the mesolimbic reward system. This
system reacts on positive and negative reinforcement (Wightman & Robinson, 2002), also
through natural reinforcers as food or sex (Kelley & Berridge, 2002; Wise, 2002), with an
increase of dopamine release. Moreover, neuroimaging studies point out the involvement of
neural structures related to the reward system in sexual arousal (Arnow et al., 2002; Paul et
al., 2008; Redouté et al., 2000; Stolèru et al., 1999) and orgasm (Holstege et al., 2003). Since
our measurements represent attraction to and sexual arousal due to pornographic pictures on a
subjective, implicit and behavioral level and predict a tendency towards cybersex addiction, it
seems plausible to assume mechanisms of reinforcement and conditioned learning to be
relevant for the development and maintenance of cybersex addiction. This has been postulated
previously on a theoretical level, but no experimental evidence supported this assumption so
far (Brand et al., 2011; Young, 2008). There is evidence showing conditioned sexual arousal
in animals (Pfaus, Kippin, & Centeno, 2001), humans (Hoffmann et al., 2004; Klucken et al.,
2009; Lalumiere & Quinsey, 1998) and also in individuals with deviant sexual behavior
(Akins, 2004). The theoretical backgrounds converges to the view that sexual arousal as an
unconditioned stimulus can become associated with an initially neutral stimulus which then
mediates future sexual behavior. Based upon these findings, classical and operant learning
mechanisms should lead to an association of internal (e.g. emotions, stress) or external (e.g.
computer, home environment, etc.) stimuli with sexual arousal and the reinforcing behavior of
cybersex resulting in cue-reactivity, craving reactions, and repeated behavior elicited by
conditioned stimuli (Carter & Tiffany, 1999). In fact, cue-reactivity was shown to be an
important mechanism of addiction maintenance in several behavioral and substance
addictions (Braus et al., 2001; Garavan, Pankiewicz, & Bloom, 2000; Goudriaan et al., 2010;
Gray et al., 2008; Grüsser et al., 2004; Ko et al., 2009; Parker & Gilbert, 2008; Thalemann et
al., 2007; Yang et al., 2009).
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The compensation hypothesis was not supported by our data. The number of sexual
contacts and the satisfaction with frequency or quality of sexual contacts was not associated
with a tendency towards cybersex addiction. Moreover, results are clearly contrariwise to the
predictions of the compensation hypothesis, as individuals reporting a high satisfaction with
the quality of sexual real-life contacts and high craving reactions showed higher severity of
cybersex addiction. Following this, missing or unsatisfying sexual real-life contacts do not
seem to be risk factors for the development of cybersex addiction. Since gaining sexual
arousal seems to be the main motivator for cybersex use (Paul, 2009), a poor sex life still may
explain the engagement in cybersex to use it to satisfy one’s sexual needs. We found some
effects supporting this hypothesis: Satisfaction with the frequency of sexual real-life contacts
was associated negatively with Internet pornography video usage and masturbation frequency
when engaging in cybersex. In general, this supports the assumption that cybersex users can
actively use cybersex in a healthy and constructive way to satisfy their sexual needs (Döring,
2009), leading to perceived positive effects of cybersex use on individuals life (Grov et al.,
2011; Hald & Malamuth, 2008; Shaughnessy et al., 2011). However, the variability of
individuals’ sexual real-life contacts and the satisfaction with the frequency of these sexual
contacts predicted tendencies towards cybersex addiction. This result is, however, in contrast
to the compensation hypothesis, which assumes a poor sex-life to predict a tendency towards
cybersex addiction. Our contradictory results could reflect a relation of real-life and online
sexual behavior: People who share a lot of variance in their sexual real-life contacts and who
are satisfied with this behavior seem to use the Internet for sexual purposes as well - also
known as “rich get richer” effect in research on the relationship between using social network
sites and life satisfaction (Kraut et al., 1998). This is supported by the correlation between the
variability of individuals’ sexual real-life contacts with the variability of individuals’ interest
in Internet pornography. Still, it remains unclear why people should engage in cybersex
accompanied by subjective complaints in everyday life when the number of sexual real-life
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contacts has no relevance, and individuals share a satisfying variance of sexual contacts. One
explanation might be that individuals sharing a satisfying variance of sexual contacts might
have a higher interest in sex per se, leading to an addictive usage pattern of cybersex in
consequence of the gratification received by cybersex. Therefore, it seems important to
investigate the interdependency of sexual interest, sexual real-life contacts, and cybersex use
with respect to the development of cybersex addiction (Kafka, 2010a).

Limitations and future studies
The insights of this study rely on the investigation of freely recruited males. As we try to
announce a clinical research question by investigating a predefined clinical sample, it seems
important to notice that the severity of cybersex addiction in our sample showed a reasonable
amount of variance, with some individuals fulfilling diagnostic criteria for behavioral
addictions (Albrecht, Kirschner, & Grüsser, 2007). Nevertheless, effects need to be replicated
in a sample of diagnosed cybersex addicted patients. Moreover, neural correlates of
gratification and cue-reactivity need to be investigated in patients with cybersex addiction.
For a better understanding of the etiology of cybersex addiction, future studies need to
ascertain the role of incentive-sensitization within the addiction process, since the wanting
rather than the liking aspect is known to be associated to maintenance and relapse in
substance addiction (Robinson & Berridge, 2003, 2008). Finally, since the population of
cybersex addicts includes heterosexual and homosexual males and females (Griffiths, 2000;
Grov et al., 2008; Kuss & Griffiths, 2011), mechanisms of development and maintenance
need to be investigated with respect to gender and sexual orientation. Our data suggest that
gratification is indeed a key element of cybersex addiction, which may inspire future research
to get deeper insights into the development and maintenance of cybersex addiction and which
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may help to improve therapeutic processes in treating subjects who experience negative
consequences in their life due to an excessive use of cybersex.
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3. Study 2: Craving partially mediates the relationship between the vulnerability to
cybersex addiction and tendencies towards cybersex addiction.

3.1 Abstract
Cybersex addiction is associated with symptoms of dependency regarding cybersex use
resulting in personal distress of clinical significance (Kuss & Griffiths, 2011b). Theoretical
assumptions and empirical evidence give reason to assume that some individuals might be
more vulnerable for cybersex addiction, while positive reinforcement and cue-reactivity are
considered to be core mechanisms within the development and maintenance of cybersex
addiction. In this study, 125 heterosexual males (M = 24.85, SD = 3.54) were surveyed with
respect to tendencies towards cybersex addiction using the short-version of the Internet
Addiction Test (Pawlikowski et al., 2012) modified for Internet sex sites, their sensitivity to
sexual excitation, problematic use of sex in general, and general psychological-psychiatric
symptom severity. Moreover, participants rated 100 pornographic pictures and indicated
craving in terms of an increase of sexual arousal following the pornographic picture
presentation. Using mediation analysis, it was shown that craving partially mediated the
relationship between the latent dimensions “vulnerability” and “tendencies towards cybersex
addiction” (R2 = .70, p < .01). The results emphasize the role of predefining factors of
vulnerability to cybersex addiction. They give also further evidence for the assumption that
positive reinforcement received by cybersex and cue-reactivity are the main mechanisms in
the development of cybersex addiction.

64
3.2 Introduction
The Internet itself is a mass medium, which can be used for different purposes. Most
individuals are able to use the Internet in a functional and unproblematic way to cope with
their needs and goals. But since several years, it became apparent that some individuals
develop an addictive usage pattern of the Internet in general or of specific Internet
applications, for example cybersex addiction (Kuss & Griffiths, 2011b; Widyanto & Griffiths,
2006; Young, 2000). These Internet addictions are associated with subjective complaints in
everyday life, symptoms of dependency, and personal distress (for reviews see Chou et al.,
2005; Weinstein & Lejoyeux, 2010). Because of its highly reinforcing effects, cybersex is
assumed to be the Internet application with the highest risk for developing a specific Internet
addiction (e.g. Griffiths, 2001; Meerkerk et al., 2006; Young, 2008). There is an ongoing
debate about why some individuals develop a cybersex addiction and others do not. To
contribute to this research question, the aim of this study is to explore the relationship
between factors of individuals’ vulnerability to cybersex addiction with subjective complaints
in everyday life due to cybersex use. Moreover, since the development of cue-reactivity is
held as one of the key mechanisms underlying the development of cybersex addiction (Brand
et al., 2011), the study aims at exploring the role of cue-reactivity in the relation between
vulnerability for and experienced symptoms of cybersex addiction.
In clinical psychology, there is non-controversial agreement that psychologicalpsychiatric disorders are not caused by unitary factors, but develop due to an interaction of
biological, environmental, and personal factors. The main insight of these so called diathesisstress models (e.g. Ingram & Luxton, 2005) is that negative or stressful life-events do not
effect individuals in the same way. While some develop mental health problems, negative
life-events do not or only temporarily lead to psychological disturbances in other individuals.
Therefore, one challenge of clinical psychology is to identify biological, environmental, and
personal predisposing factors for single psychological disorders as well as their interactions.
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With respect to substance addiction, interactions of genetic variations, predisposing
personality characteristics (e.g. impulsivity, risk-taking, or stress vulnerability) and neural
changes due to substance use have been shown to be associated to various stages of addiction
(Everitt et al., 2008; Kreek, Nielsen, Butelman, & LaForge, 2005; Sinha, 2008). Although a
specific predisposition to specific pathological Internet use, such as cybersex addiction, has
been postulated in Davis' (2001) cognitive-behavioral model of pathological Internet use, no
studies have investigated directly the role of vulnerability in terms of several predisposing
factors contributing to the development and maintenance of addicted Internet behavior.
In his review, Kafka (2010a) concludes that a sensitivity to sexual excitation and a
general severity of psychological-psychiatric symptoms are strongly associated to hypersexual
behaviors. Moreover, he reckons that individuals with hypersexual behavior independently
from the Internet might be more prone for an excessive use of cybersex. Contributing to this,
a study of Delmonico and Miller (2003) shows that problematic, excessive sexual behavior
off- and online are strongly related. From a psychological point of view, sexual arousal is
mainly characterized by subjective arousal as well as by central, peripheral, and behavioral
responses (Janssen, 2011), while individuals differ physiologically in their sensitivity to
sexual excitation and sexual inhibition (Janssen, Goodrich, Petrocelli, & Bancroft, 2009).
Indeed, it was shown that individuals scoring higher on sensitivity for sexual excitation and
that individuals with a greater sexual interest within negative mood are more likely to engage
in addictive sexual behavior (Bancroft, Graham, Janssen, & Sanders, 2009; Bancroft &
Vukadinovic, 2004). Moreover, it has been shown that sex and cybersex addiction are
associated to a general psychological-psychiatric symptom severity (Brand et al., 2011;
Kafka, 2010a; Kuss & Griffiths, 2011b; Raviv, 1993). Taken together, sensitivity to sexual
excitation, a tendency towards problematic use of sex in general, and a pre-existing
psychopathology might be considered as predefining factors for individual’s vulnerability to
cybersex addiction.
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The concept of cue-reactivity and craving has developed from research on substance
addiction. Craving is described as a strong urge to recurrently consume a drug in order to
experience the anticipated reinforcing effects (reward craving) or to avoid aversive symptoms
during withdrawal (withdrawal relief craving) (e.g. Anton, 1999; Drummond, 2001). Based
on mechanisms of reinforcement, processes of conditioning, and neuronal adaptions, cuereactivity describes the process that addiction related cues become sensitized and associated
to drug’s reinforcing effects. This results in changes in the perception, the processing, and the
mental representation of addiction related cues to that effect that the processing of these cues
result in reward craving (Berridge et al., 2009; Robinson & Berridge, 1993). Therefore, cuereactivity and reward craving are substantial mechanisms of development, maintenance of
addiction and is furthermore associated to relapse (Carter & Tiffany, 1999; Tiffany & Wray,
2012).
This cue-reactivity concept has been transferred into research addressing diverse
behavioral addictions within the last years. For example it has been shown that in gaming or
gambling addicted individuals the presentation of specific addiction related cues leads to
strong gaming/gambling urges (e.g. Sodano & Wulfert, 2009; Thalemann et al., 2007; Wulfert
et al., 2009) and to activations of brain structures related to craving and addiction (e.g.
Goudriaan et al., 2010; Ko et al., 2009). These findings converge to the view that reward
craving is an important mechanism in the development and maintenance of gaming or
gambling addiction. Moreover, some authors conclude that these findings strengthen the
assumption that problematic gaming/gambling can be considered as behavioral addiction (e.g.
Grant et al., 2006). With respect to Internet addiction, Davis (2001) postulates in his cognitive
behavioral model of pathological Internet use that receiving reinforcement is the main
mechanism underlying the development and maintenance of a specific pathological Internet
use (for detailed description of Davis’ model please see section 1.2.1). Contributing to this,
Young (2008) hypothesizes that the anticipation and experience of sexual arousal is one key
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factor in the development of cybersex addiction. But experimental studies addressing the role
of craving in cybersex addiction are rare. In two experimental studies, pornographic cues have
been presented to participants and indicators of sexual arousal were assessed. Results show
that a sexual arousal rating of pornographic cues as well as an increase of craving following
the pornographic picture presentation predict tendencies towards cybersex addiction (Brand et
al., 2011; cf. Study 1). The authors conclude that cue-reactivity and resulting reward craving
should be the main mechanisms behind the development and maintenance of cybersex
addiction. To contribute to these findings and to give a deeper insight into the etiology of
cybersex addiction, the role of craving needs to be addressed with respect to a vulnerability to
cybersex addiction.
Summarized, the theoretical and empirical background of substance and behavioral
addictions give reason to assume that the phenomenon of cybersex addiction may be
associated to specific (sensitivity for sexual excitation, problematic use of sex in general) and
unspecific (general psychological-psychiatric symptom severity) factors of vulnerability.
Moreover, studies’ findings converge to the view that cue-reactivity and reward craving can
be understood as key mechanism of development and maintenance within the development of
addiction. If individuals are predefined for receiving positive reinforcement by sexual arousal,
they should be more prone to engage repeatedly in cybersex. In turn, a predefinition for
receiving positive reinforcement by sexual arousal in combination with recurrent cybersex use
should lead to cue-reactivity and reward craving elicited by addiction related cues.
Transferred into a statistical model, reward craving should mediate the relationship between a
vulnerability to and tendencies towards cybersex addiction. However, the role and the
relationship of and between vulnerability and craving have not yet been addressed with
respect to cybersex addiction. Following the argumentation, two hypotheses need to be
addressed empirically (the hypothesized model of cybersex addiction is illustrated in Figure
6):
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Hypothesis 1: Vulnerability to cybersex addiction and craving reactions elicited by addiction
related cues correlate positively with tendencies towards cybersex addiction.

Hypothesis 2: Craving mediates the relationship between vulnerability and tendencies towards
cybersex addiction.

Figure 6
Illustration of the hypothesized mediation effect. Tendencies towards cybersex addiction are assumed to be
predicted by person’s vulnerability as well as by craving. Craving mediates the relationship between person’s
vulnerability and tendencies towards cybersex addiction. Latent variables are shown in circle, manifest variables
are presented in rectangles. The direct effect is shown continued; the indirect effect is shown dashed.
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3.3 Methods
3.3.1 Participants
In this study, 125 heterosexual males (M = 24.85, SD = 3.54) males were investigated at the
University of Duisburg-Essen in a laboratory setting. We explicitly advertised for males of
legal age and indicated that participating would include viewing explicit pornographic
pictures of legal sexual practices. All participants gave written informed consent prior to the
investigation, confirmed their heterosexual orientation via questionnaire and were paid at an
hourly rate for participation (10€/hr.). The experimental paradigm and questionnaires were
administered computer-based. The study was approved by the local ethics committee.

3.3.2 Questionnaires
Several questionnaires were administered to the participants. A tendency towards cybersex
addiction was assessed with a short-version of the Internet Addiction Test (s-IAT,
Pawlikowski et al., 2012). The s-IAT was modified for Internetsex sites (s-IATsex, for further
description see Brand et al., 2011). Twelve items have to be answered on a five-point scale
from 1 (= never) to 5 (= very often) resulting in overall sum scores ranging from 12 to 60. The
s-IATsex comprises two subscales “loss of control/time management” (s-IATsex-1) and
“craving/social problems” (s-IATsex-2). Internal consistency of the whole scale (Cronbach’s
α = .87) as well as the s-IATsex-1 (Cronbach’s α = .88) and the s-IATsex-2 (Cronbach’s α =
.68) was good (for a more detailed description of the s-IATsex please see section 2.3.2, p. 19).
To measure sensitivity to sexual excitation, a short form of the sexual excitation scale
(SES) was used (Carpenter, Janssen, Graham, Vorst, & Wicherts, 2010). In comparison to the
original scale, the response format was recoded. Six items have to be answered on a four-
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point scale from 1 (= strongly disagree) to 4 (= strongly agree) resulting in a mean value
representing high sensitivity to sexual excitation in high scores (Cronbach’s α = .77).
As an indicator of a problematic use of sex in general, the Hypersexual Behavioral
Inventory was applied (HBI, Reid, Garos, & Carpenter, 2011). Nineteen items had to be
answered from 1 (= never) to 5 (= very often) resulting in a total mean score (Cronbach’s α =
.93) as well as mean scores of the three subscales “Control” (Cronbach’s α = .86), “Coping”
(Cronbach’s α = .89), and “Consequences” (Cronbach’s α = .80)
To assess subjective complaints in everyday life due to psychological and physical
symptoms the Brief Symptom Inventory (BSI) was administered (Boulet & Boss, 1991). On a
scale from 0 (= not at all) to 4 (= extremely), participants were asked to indicate how strongly
they suffered from 53 psychological or physical symptoms within the last seven days. Of
specific interest was the Global Severity Index (GSI) as a measurement of general
psychological disturbance.
With respect to the proposed mediation model (see above, Figure 6), manifest
variables were used to modulate latent dimensions. The SES, HBI and the GSI represented the
latent dimension “vulnerability” when regressed on tendencies towards cybersex addiction.
The latent dimension “tendencies towards cybersex addiction” was represented by the two
factors of the s-IATsex: s-IATsex-1 (loss of control/time management) and s-IATsex-2
(craving/social problems).

3.3.3 Experimental paradigm: Pornographic picture rating
To induce sexual arousal, participants viewed and rated 100 explicit pornographic pictures of
ten categories, which were presented in a randomized order. The picture categories included
heterosexual sex between one man and one woman (vaginal intercourse, anal sex, and two
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oral sex categories), homosexual sex (tribadism and oral sex between two females, anal and
oral sex between two males) as well as single masturbating men or females. Pictures were
controlled for specific sexual interest (for a further description of the experimental paradigm
cf. Study 1, p. 30-31). Each picture had to be rated on a five-point scale with respect to
subjective arousal (1 = sexually not arousing to 5 = sexually very arousing). Before (t1) and
after (t2) the experimental paradigm, participants were asked to indicate their sexual arousal
from 0 (= not sexually aroused) to 100 (= very sexually aroused). As an indicator of
individual reactivity to pornographic pictures, sexual arousal at t1 was subtracted from sexual
arousal at t2, resulting in a delta score (craving ∆).

3.3.4 Statistical analysis
Statistical analyses have been carried out with two programs. T-Tests for dependent samples
and bivariate correlations have been calculated with SPSS 20.0 (IBM, 2011). Structural
equation modeling and mediation analysis was conducted with MPlus 6.0 (Muthén & Muthén,
2011). Bootstrapping was used (number of estimations = 5000). Two-tailed tests were
performed for all analyses, p was set to .05.

3.4 Results
A description of variables concerning questionnaires and the experimental paradigm are
shown in Table 7. As indicated by t-test for dependent groups, sexual arousal at t2 (M =
33.67, SD = 25.99) was higher compared to t1 (M = 9.65, SD = 17.10), t(123) = 9.84, p <
.001, d = 1.25. Pornographic pictures displaying pictures of male heterosexual interest (M =
2.97, SD = .88) were rated as more sexually arousing than pictures showing sex between men
or masturbating males (M = 1.15, SD = .41), t(119) = 20.27, p < .001, d = 2.62. According to
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Cohen (1992), both observed effects are strong. Correlations of the manifest variables are
shown in Table 8.

Table 7
Descriptive values of questionnaires and the experimental paradigm.
N = 125

M

SD

s-IATsex

18.48

6.54

SES1

2.67

.49

HBI

3.42

.61

BSI (GSI)

.47

.45

23.82

27.16

Questionnaires

Experimental paradigm
craving ∆
1

SEM was recoded
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Table 8
Correlations of the manifest variables used within the mediation model.
s-IATsex-1

s-IATsex-2

SES

HBI

s-IATsex-2

.65**

SES

.36**

.40**

HBI

.49**

.55**

.40**

BSI (GSI)

.26**

.34**

.22*

.46**

craving ∆

.37**

.49**

.36**

.25**

BSI (GSI)

.09

* = p ≤ .05 (correlation is significantly different from zero with alpha = 5%, two-tailed)
** = p ≤ .01 (correlation is significantly different from zero with alpha = 1%, two-tailed)

When the data was entered into the mediation model, there was no missing data. Maximum
likelihood parameter estimation was chosen, because the data were distributed normally
(Kline, 2005). First, it was analyzed whether the manifest variables fit the latent dimensions.
Second, the criteria for mediation analyses suggested by Baron and Kenny (1986) were
fulfilled. According to Hu and Bentler (1999) as well as to Schumacker and Lomax (2010) the
model-fit criteria were checked to ensure that the theoretical models fit with the data.
The proposed model fitted well on the data (Hu & Bentler, 1999; Schreiber, Nora,
Stage, Barlow, & King, 2006; Schumacker & Lomax, 2010). The result of the Chi-SquareTest was χ² = 10.69, df = 7, p = .15, χ²/df = 1.53. The RMSEA was .06; the CFI was .98; and
the SRMR was .05. Accordingly, no post-hoc modifications were conducted. Standardized
regression coefficients are illustrated in Figure 7. Direct, indirect and total effects are reported
in the following and are shown in Table 9. Given that both the direct and the indirect effect
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are significant and that the direct effect is weaker when controlling for the indirect effect, the
relationship between person’s characteristics and tendencies towards cybersex addiction is
partially mediated by craving.

Figure 7
Results for the structural equation model. Chi-Square-Test χ² = 10.69, p = 0.15; RMSEA = .06; CFI = .98;
degrees of freedom = 7. e = error. Significant effects are in boldface.
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Table 9
Direct, indirect, and total effects in the mediation analysis.
Effects

β

SE

p

total effect

.78

.10

< .001

direct effect

.68

.12

< .001

indirect effect

.10

.04

< .01

3.5 Discussion
The aim of this study was to explore facets of vulnerability to cybersex addiction as well as
the role of reward craving in the relationship of vulnerability to cybersex addiction and
tendencies towards cybersex addiction. The main results of this study are: Firstly, specific
vulnerability (in terms of sensitivity for sexual excitation and a problematic use of sex in
general) and unspecific (general psychological-psychiatric symptom severity) as well as an
indicator of reward craving predicted tendencies towards cybersex addiction. Secondly,
reward craving partially mediated the relationship between vulnerability factors with
tendencies towards cybersex addiction. The study’s findings are discussed with respect to
mechanisms of development of cybersex addiction.
The assumption of a specific predisposition for a specific pathological Internet use,
such as cybersex addiction, has been formulated within Davis' (2001) cognitive-behavioral
model. It has been hypothesized that the development of cybersex addiction is caused by a
pre-existing, specific psychopathology, e.g. a problematic use of sex in general and unspecific
psychopathology, such as symptoms of depression or other psychological disturbances.
Therefore, an individual with the tendency to use sex problematically in general should be
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more prone for using cybersex problematically as well, because cybersex is assumed to be an
immediate stimulus-response condition with highly reinforcing effects. Indeed, sensitivity for
sexual excitation, a problematic use of sex in general, and a general psychological-psychiatric
symptom severity predicted tendencies towards cybersex addiction. This supports and
complements the assumptions regarding the specific predisposition for cybersex addiction
formulated within the cognitive-behavioral model (Davis, 2001). Sensitivity to sexual
excitation refers to the degree in which individuals react with subjective and physiological
sexual arousal as reaction to sexual cues (Bancroft et al., 2009; Bancroft & Vukadinovic,
2004). Therefore, individuals with a high sensitivity to sexual arousal should be more prone
for receiving positive reinforcement by sexual behaviors in real-life or on the Internet and
should be more at risk for developing cybersex addiction. The result that a general
psychological-psychiatric symptom severity covariies with symptoms of cybersex addiction is
in line with studies reporting high rates of comorbidities and pre-existing psychopathology in
substance (Conway et al., 2002; Hasin et al., 2007), Internet (Weinstein & Lejoyeux, 2010;
Whang et al., 2003; Yang, Choe, Baity, Lee, & Cho, 2005), and sex addiction (Garcia &
Thibaut, 2010; Kafka, 2010a; Raviv, 1993) and replicates the findings with respect to
cybersex addiction (Brand et al., 2011). Therefore, general psychological-psychiatric
symptom severity can be considered as an unspecific, predefining factor of vulnerability for
the development of cybersex addiction.
The finding that reward craving mediates partially the relationship between
vulnerability and tendencies towards cybersex addiction gives further reason to assume that
positive reinforcement and cue-reactivity are core mechanisms in the development and
maintenance of cybersex addiction. It has been pointed out theoretically, that anticipating and
receiving sexual arousal in terms of positive reinforcement should be the core mechanism
behind the development of cybersex addiction (Davis, 2001; Young, 2008). First empirical
evidence supporting this assumption has been given by the study Brand et al. (2011), in which

77
sexual arousal ratings of pornographic pictures have predicted tendencies towards cybersex
addiction. Moreover, sexual arousal is perceived as highly reinforcing and is physiologically
closely related to reward (Arnow et al., 2002; Paul et al., 2008; Redouté et al., 2000; Wise,
2002). Indeed, it was shown that sexual arousal as unconditioned stimulus can be conditioned
in humans mediating future sexual behavior (Hoffmann et al., 2004; Klucken et al., 2009;
Lalumiere & Quinsey, 1998). In this study, the increase of sexual arousal following
pornographic picture presentation was used as indicator of craving. Regarding the conception
of craving (e.g. Anton, 1999; Drummond, 2001), this measurement can be interpreted as
indicator of reward craving occurring due to cue-reactivity, i.e. that addiction related cues
lead to craving in the anticipation of positive reinforcement. Behind the background of
associative learning in addiction (Berridge et al., 2009; Robinson & Berridge, 1993), the
positive reinforcement received by cybersex may be associated to internal (e.g. negative
emotions, stress) or external stimuli (e.g. computer, home environment) resulting in cuereactivity and craving urges elicited by addiction related cues leading to recurrent and
addictive cybersex use. Taken the insights of this study into account, particularly highly
vulnerable individuals should be more prone for receiving positive reinforcement by cybersex
use and in conclusion more at risk for developing cybersex addiction.
Behind the theoretical assumptions of the cognitive-behavioral model of pathological
Internet use (Davis, 2001), a full mediation between vulnerability to and tendencies towards
cybersex addiction has been expected. Therefore, the partial mediation supposes that previous
theoretical assumptions need to be extended. Research on craving in substance addiction
revealed that not only reward craving, but also withdrawal relief craving is crucial within the
development and especially in the maintenance of substance dependency (e.g. Heinz et al.,
2003). Potentially both, positive reinforcement in terms of sexual arousal and negative
reinforcement in terms of avoiding negative experiences in conditioned withdrawal might be
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considered as mechanisms contributing to the development and maintenance of cybersex
addiction.

Limitations and future studies
There are some limitations and suggestions for improvement regarding this study. First, the
measurement of reward craving could be improved. Although the pornographic picture
presentation increased the subjective sexual arousal, one could use pornographic cues
individually matched to participants’ sexual interests to induce craving as well as a
multimodal measurement of craving. There are several possibilities to measure sexual arousal
(see Janssen, Prause, & Geer, 2007; Kalmus & Beech, 2005). Using for example other
physiological parameters (e.g. skin conductance reactions or penile tumescence) would allow
modeling craving as latent dimension within a mediation model. Contributing to this, neural
correlates of sexual arousal might give further insight into the processing of pornographic
stimuli in cybersex addiction. Second, the results of this study rely on the free recruitment of
heterosexual males. The questionnaires, the pornographic picture rating as well as the
measurement of reward craving assessed highly sensitive information potentially biased by
uncontrollable and unknown confoundation. Nevertheless, the reported results, particularly
the mediation effect, strengthen the assumption that positive reinforcement, learning
mechanisms, and resulting craving are core mechanisms in the development of cybersex
addiction.
Future studies could investigate the most obvious implications drawn by the study’s
results: First, using non-clinical samples, cue-reactivity and craving need to be addressed
more directly to verify the consideration of them as core mechanism in the development and
maintenance of cybersex addiction. Therefore, it needs to be investigated, if sexual arousal
experienced by cybersex indeed becomes associated with individuals’ internal and external
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cues heightening the probability of recurrent cybersex use. Secondly, although the variance of
tendencies towards cybersex addiction was quite high within this study, future studies need to
verify the demonstrated result in clinical samples of cybersex addicted patients to rule out any
doubts respective the relevance of the proposed mechanisms in cybersex addiction.
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4. Study 3: Pornographic picture processing interferes with working memoryperformance.1

4.1 Abstract
Some individuals report problems during and after Internetsex engagement, such as missing
sleep, forgetting appointments, etc., which are associated with negative consequences in
individuals' life. One mechanism potentially leading to these kinds of problems is that sexual
arousal during Internetsex might interfere with working memory (WM) capacity, resulting in
a neglect of relevant environmental information and therefore disadvantageous decision
making. In this study, 28 healthy individuals performed four experimental manipulations of a
pictorial 4-back working memory task with neutral, negative, positive, or pornographic
stimuli. Participants also rated 100 pornographic pictures with respect to sexual arousal and
indicated masturbation urges previous and following pornographic picture presentation.
Results reveal worse WM-performance in the pornographic picture condition of the 4-back
task compared with the three remaining picture conditions. Furthermore, hierarchical
regression analysis indicates an explanation of variance of the sensitivity in the pornographic
picture condition by the subjective rating of the pornographic pictures as well as by a
moderation effect of masturbation urges. Results contribute to the view that indicators of
sexual arousal due to pornographic picture processing interfere with WM-performance.
Findings are discussed with respect to Internetsex addiction since WM interference by
addiction-related cues is well known from substance dependencies.

1

This study was in press: Laier, C., Schulte, F. P., & Brand, M. (2012). Pornographic picture processing
interferes with working memory-performance. Journal of Sex Research, EPub. doi:
10.1080/00224499.2012.716873
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4.2 Introduction
Engagement in Internetsex applications, such as pornography consumption on the Internet, is
mainly free of charge, the content is easy accessible and is thought to gratify its users (Döring,
2009). Therefore, Internetsex is indulged in by many people of almost all ages (Daneback et
al., 2005). Although most individuals report mainly self-perceived positive effects of
Internetsex on their life (Hald & Malamuth, 2008), some individuals report subjective
problems during and after Internetsex engagement associated with negative consequences in
their life, e.g., missing sleep, forgetting appointments, disregarding partnership, job
responsibilities, etc. (Cooper, Delmonico, Griffin-Shelley, & Mathy, 2004; Griffiths, 2001;
Young, 2008). One potential mechanism leading to these problems could be that the sexual
arousal while watching Internet pornography might interfere with working memory (WM)
capabilities, leading to a neglect of relevant environmental information, interference with
memory demands and disadvantageous decision making. While WM-performance is known
to be prone to interference (Perlstein & Elbert, 2002; Unsworth, Spillers, & Brewer, 2009),
the influence of the processing of pornographic pictures has not been investigated
experimentally so far.
WM is considered to be an important facet of executive functioning, necessary for e.g.
understanding, reasoning, problem solving, learning and development of speech as well as for
more complex cognitive domains like decision making (Bechara, Damasio, Tranel, &
Anderson, 1998; D’Esposito, 2007; Pecchinenda, Dretsch, & Chapman, 2006; Smith &
Jonides, 1999). Additionally, WM is related to fluid intelligence and executive attention,
while its capacity is limited (Cowan, 2010; Engle, 2002; Unsworth et al., 2009). Although
different WM models have been developed (for overview see Miyake & Shah, 1999), WM
cannot be considered as a unitary system (D’Esposito, 2007). However, all approaches
assume that some form of information is maintained within the cognitive system by processes
of directed attention or active storage in what has also termed short-term memory. Several
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paradigms and modifications have been developed to measure WM capacity, e.g. WM span
tasks, in which basically some information has to be remembered while sentences are read,
calculations are done or symbols are counted (Conway et al., 2005). The most common
paradigm to investigate WM processes of monitoring, updating and manipulation is the nback task, in which participants see a series of stimuli and have to indicate concurrently if the
currently presented stimulus is the same as the stimulus n trials before (Jaeggi et al., 2010).
The most influential model of WM is the multiple-component model (Baddeley, 1994; 2000;
2010; Baddeley & Logie, 1999), which is strongly supported by neuroimaging and brain
lesion studies (Cabeza & Nyberg, 2000; Callicott et al., 1999; Chein, Ravizza, & Fiez, 2003;
D’Esposito, Postle, & Rypma, 2000; Hautzel, Mottaghy, Schmidt, & Zemb, 2002; Müller &
Knight, 2006; Smith & Jonides, 1997). Studies suggest that there are distinct but interacting
brain structures building up prefrontal-parietal WM circuits to store and manipulate
information temporarily. Moreover, sub-cortical structures play a supporting role in executive
and WM functions (Cools et al., 2008; Hautzel et al., 2009; Mitchell et al., 2000; Voytek &
Knight, 2010). For example, it was shown that the activity of the amygdala, a brain area
classically considered to be part of the emotion processing limbic system, is correlated with
WM-performance (Schaefer et al., 2006). The authors suggest that limbic structures are able
to modulate higher cognitive functions through an early enhancement of attention in
information processing. This is in line with reports of an enhancing effect of emotional stimuli
on memory performance (for review see Hamann, 2001; Phelps, 2006) which is explained by
a modulating effect of the amygdala on sensory systems (Davis & Whalen, 2001; Kensinger
& Corkin, 2004; Vuilleumier, 2005). In summary, these observations support the idea of
connected brain regions in cortical and sub-cortical networks (Carpenter et al., 2000), which
in turn should be susceptible to modulation WM-performance in different ways (i.e.
enhancing or decreasing capacity of WM).
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One way to induce emotional reactions in an experimental design is to present pictures
of emotional content. The presentation of such stimuli leads to emotion specific reactions,
while arousal is higher when positive, negative or sexual pictures are perceived compared to
neutral stimuli (Bradley, Cuthbert, & Lang, 1996; Smith, Löw, Bradley, & Lang, 2006). The
influence of stimuli's valence and arousal on WM-performance has been highlighted in only a
small number of studies. In those, emotional pictures were included in the experimental
designs in two ways: Emotional pictures were either target stimuli, which had to be
remembered and recognized or were presented as distractors in WM tasks using neutral target
stimuli. For example, Kensinger and Corkin (2003) used a WM task with interfering negative
versus neutral stimuli. They reported no differences in task accuracy but recorded longer
reaction times for fearful than neutral faces. Erk, Kleczar and Walter (2007), however,
observed no behavioral effect of interfering emotional stimuli on verbal WM-performance in
a low cognitive load condition, but registered an increased performance when positive and
negative stimuli were used in comparison to neutral ones in a high cognitive load condition.
Gotoh (2008) complements these results by showing slower reaction times and higher
switching costs in a WM task with negative and positive compared to neutral stimuli. These
results are also supported by neuroimaging studies (Dolcos & McCarthy, 2006; Perlstein &
Elbert, 2002), which suggest differential, emotion dependent neural processes in WM. Taken
together, previous studies give the impression that positive and negative stimuli lead to a
capturing of attention interfering with WM-performance. The effect of pornographic pictures
on WM and its underlying neural processes, however, have not yet been addressed.
In general, studies focusing on the impact of sexual stimuli on cognitive domains are
sparse. Some studies indicate attention capturing effects of pornographic stimuli, which are
associated with a decline in cognitive functioning, for example with decreased performance in
dot detection tasks (Prause, Janssen, & Hetrick, 2008), rapid target perception tasks (Most,
Smith, Cooter, Levy, & Zald, 2007) and choice reaction time with concurrently enhanced
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memory for sexual stimuli in an incidental learning task (Wright & Adams, 1999). This
explanation of attention capturing by associated interference effects are supported by results
of neuroimaging studies. Compared to neutral, negative or positive pictures or videos, sexual
stimuli lead to increased activations of the claustrum, paralimbic structures (including the
anterior cingulate cortex, the orbitofrontal cortex and the insula), the striatum and the
hypothalamus as well as temporal and occipital regions (Arnow et al., 2002; Paul et al., 2008;
Redouté et al., 2000; Stoléru et al., 1999). Therefore, the assumption of an interfering effect of
pornographic picture processing on cognition elicited by a greater arousal of emotion-related
structures is in line with Schimmack's (2005) observation that the degree of a stimulus'
interference is rather dependent on arousal strength than on valence per se. If pornographic
picture processing leads to interference of cognitive functioning, this might be a relevant
factor linked to problems reported by individuals watching pornographic materials on the
Internet excessively (such as forgetting appointments, neglecting responsibilities, etc.).
The aim of the present study was to investigate the influence of pornographic picture
processing on WM-performance. In particular, we compared the influence of emotionally
neutral, positive, negative and pornographic pictures. WM-performance was conducted
through four pictorial 4-back tasks (Owen, McMillan, Laird, & Bullmore, 2005) with positive,
negative, neutral or pornographic stimuli as within-subjects factor. Within these task
conditions, information needs to be updated to categorize ambiguous stimuli as several
varying targets within several varying distractors, which can be analyzed within the
framework of signal detection theory (SDT, for overview see Abdi, 2007). Against the
theoretical background we have assumed the following hypotheses: First, WM-performance
for emotional stimuli is worse compared to WM-performance for neutral stimuli. Second,
WM-performance for pornographic stimuli is worse compared to WM-performance for
stimuli with positive or negative valence. Third, worse WM-performance for pornographic
pictures is explained by indicators of sexual arousal.
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4.3 Materials and Methods
In general, all participants were first surveyed with respect to general demographic data. This
was followed by a sexual arousal rating of randomized pornographic pictures and a further
assessment of questionnaire data. After approximately 30 minutes, four randomized pictorial
4-back task conditions were conducted at the end of the experimental investigation.

4.3.1 Participants
We examined 28 heterosexual, male participants (Mage = 26.21 years, SD = 5.95). Participants
were recruited by advertisements in public or on the campus of the University of DuisburgEssen and were paid 10€ per hour for participation. We explicitly advertised for male,
heterosexual participants with a minimum age of 18 years and indicated that during
participation there would be a confrontation with explicit pornographic stimuli of legal sexual
practices. Mean duration of education in the sample was M = 12.77 years (SD = .81) years.
All participants gave written informed consent prior to the investigation and confirmed their
heterosexual orientation via questionnaire.

4.3.2 Procedure and Instruments
Working memory task
To assess the participants’ WM-performance, we used an n-back paradigm, using pictures as
stimuli (Owen et al., 2005) in a within-subject design. In the basic n-back design, participants
are presented different cues consecutively and have to decide if the currently seen stimulus is
the same as n stimuli before. In the current study, participants performed a 4-back paradigm in
four different experimental picture conditions. The four conditions were performed in
randomized order across the subjects. Single conditions comprized ten exclusively positive,
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negative, neutral or pornographic pictures. The non-sexual pictures were obtained from the
International Affective Picture System, which had been rated before using a scale from 1 (=
not pleasant) to 9 (= very pleasant) regarding their valence and a scale from 1 (= not arousing)
to 9 (= very arousing) regarding their arousal (IAPS, Lang, Bradley, & Cuthbert, 2008). The
neutral pictures used in this study showed unmoved faces, people at work, walking in a street
or during shopping and were rated by men as rather neutral (M = 5.91, SD = .43) and rather
not arousing (M = 3.24, SD = .72). Negative pictures used in this study showed a mugging, a
person with a weapon, harassment or war scenes and were rated by men as rather not pleasant
(M = 3.27, SD = .60) and rather arousing (M = 5.63 , SD = .59). Positive pictures showed
laughing people, a bride, sport awards or smiling grandparents and were rated by men as
rather pleasant (M = 6.83, SD = .75) and rather arousing (M = 4.67, SD = .87) (Lang et al.,
2008). Pornographic pictures showed heterosexual vaginal intercourse between one man and
one woman (for further descriptions please see below). To equate for stimuli’s complexity
between the picture conditions, all pictures had to fulfill several criteria. The pictures in all
conditions showed humans performing some sort of activity. With respect to the pornographic
pictures, sexual intercourse was performed in different sexual positions. Furthermore, we
included only discriminative backgrounds across all four categories. Participants were
instructed using the following computerised and standardized instruction: “In a moment, there
will show up several pictures consecutively in a random order. Please use the keys “j” and “n”
to indicate if the actual shown picture is equal to the picture shown four trials before. Here,
the “j” stands for “yes” (the picture you see is equal to the picture shown four trials before)
and the “n” for “no” (no match between the currently seen picture and the picture shown four
trials before). Please try to solve this task as quickly as possible, but without making any
mistakes.” Furthermore, an illustration of the task’s challenge was shown. Comparably to
Schoofs, Preuss, and Wolf (2008), stimuli were each shown for 500ms, followed by an
interstimulus interval of 2500ms. Each condition consisted of 25 trials. In each condition,
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seven pictures (28%) were targets (correct answer: "yes") and eighteen (72%) were distractors
(correct answer: "no"). We calculated the relative frequency of responses and skips, the
proportion of hits, false alarms as well as reaction times in each of the four experimental task
conditions. Furthermore, we calculated d’ for the four task conditions as a difference of the
standardized means of hits and the standardized means of false alarms. This variable can be
understood as sensitivity within the task conditions while higher individual scores reflect a
higher ability to distinguish between targets and distractors and better task performance,
respectively (Stanislaw & Todorow, 1999).

Sexual arousal ratings
Participants were asked to watch and rate 100 pornographic pictures in randomized order.
Pictures were rated on a five point scale with respect to subjective arousal (1 = not sexually
arousing, 5 = highly sexual arousing). Pornographic pictures were collected from free
accessible Internetsex sites and depicted heterosexual sex (vaginal intercourse, anal sex and
two oral sex categories: one with the man and one with the woman conducting the active
part), homosexual sex (anal and oral sex between two men, vaginal-vaginal tribadism and oral
sex between two women) and single masturbating men and women. Altogether, we presented
10 categories of pictures (as mentioned above) each consisting of 10 different pictures. The
100 pictures were presented in randomized order. The images did not contain any fetish
relevant material, but genitals (or parts of them) were shown explicitly. Of particular interest
was the mean rating of the heterosexual vaginal intercourse, because comparable pictures
showing heterosexual vaginal intercourse were used within the experimental manipulation of
the 4-back task with pornographic pictures. The internal consistency of the picture rating of
this category was very good (Cronbach’s α = .92). Moreover, we calculated the mean
subjective arousal score for pictures displaying "heterosexual pictures" including vaginal
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intercourse, oral and anal sex between a man and a woman, oral sex or tribadism between two
women or single masturbating women (Cronbach’s α = .98) and for “homosexual pictures”
displaying anal and oral sex between two men or single masturbating men (Cronbach’s α =
.95) as general indicators of sexual arousal due to pornographic stimuli. Before (t1) and
following (t2) the pornographic picture rating as well as before performing the WM task (t3),
participants had to rate their current sexual arousal on a visual analogue scale ranging from 0
(= “not sexually aroused”) to 100 (= “very sexually aroused”) as well as their need to
masturbate, also ranging from 0 to 100 (0 = “no need to masturbate”, 100 = “very great need
to masturbate”).

4.4 Results
4.4.1 Working memory task
The mean 4-back task performance scores (performance data and reaction times) for the four
experimental WM task conditions were calculated. At first, the relative number of detected
responses and skips was analyzed before computing the relative frequency of hits and false
alarms as well as d’ within the detected responses. A detailed description of task performance
is shown in Table 10.
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Table 10
Description of working memory-performance in the four experimental task conditions with
neutral, negative, positive or pornographic stimuli.
neutral

negative

positive

pornographic

M

SD

M

SD

M

SD

M

SD

correct responses

.80

.12

.80

.11

.77

.11

.67

.11

false responses

.17

.09

.15

.08

.20

.10

.28

.07

skips

.03

.07

.05

.08

.03

.07

.05

.07

hits1

.73

.16

.79

.19

.67

.22

.62

.17

false alarms1

.14

.11

.12

.11

.16

.12

.26

.11

d’

2.20

1.46

2.78

1.43

1.89

1.25

1.09

.61

reaction time2

1139.00 296.44

overall responses1

1

relative frequency

2

in milliseconds

1266.42 324.02

1160.43 331.95

1290.58 354.17

With respect to the hits as dependent variable a repeated measures ANOVA revealed a
significant effect of the within-subject factor, Wilks' Lambda = .51, F(3, 24) = 7.54, p < .01,
η2 = .48. Post-hoc pairwise Bonferroni-corrected comparisons indicated that the number of
hits in the pornographic picture condition was significantly less than in the neutral, negative
and positive (all p < .05) task condition. The number of hits was not significantly different
across the neutral, negative and positive conditions (all p > .05). Concerning the false alarms
as dependent variable a repeated measures ANOVA revealed a significant effect of the
within-subject factor, Wilks' Lambda = .33, F(3, 24) = 16.34, p < .01, η2 = .67. Post-hoc
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pairwise Bonferroni-corrected comparisons indicated that the number of false alarms in the
pornographic picture condition was significantly higher than in the neutral, negative and
positive (all p < .05) task condition. The number of false alarms was not significantly
different across the neutral, negative and positive conditions (all p > .05). Regarding d’ as
dependent variable a repeated measures ANOVA revealed a significant effect of the withinsubject factor, Wilks' Lambda = .25, F(3, 24) = 23.63, p < .001, η2 = .75. Post-hoc pairwise
Bonferroni-corrected comparisons indicated that the sensitivity in the pornographic picture
condition was significantly lower than in the neutral, negative and positive (all p < .05) task
condition. The sensitivity was not significantly different across the neutral, negative and
positive conditions (all p > .05). With regard to performance data, task performance in the
pornographic picture condition is worse compared to all other conditions of the WM task.
With respect to the overall reaction times (irrespective of correct or false responses), repeated
measures ANOVA revealed a significant effect of the within-subject factor, Wilks' Lambda =
.45, F(3, 24) = 9.81, p < .05, η2 = .55. When looking at the post-hoc Bonferroni-corrected
pairwise comparisons, reaction times in the neutral and in the positive picture condition were
significantly slower than in the pornographic picture condition (both p < .05), while there was
no difference between the pornographic and negative picture condition (p > .05).

4.4.2 Indicators of sexual arousal
Descriptive values for the sexual arousal ratings of the 100 pornographic pictures, sexual
arousal and the need to masturbate before (t1) and following (t2) the pornographic picture
presentation as well as before performing the 4-back task (t3) are shown in Table 11.
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Table 11
Description of the indicators of sexual arousal.
M

SD

vaginal sex

3.49

.88

heterosexual material

3.20

.77

homosexual material

1.14

.33

t1

10.36

15.52

t2

29.89

23.85

t3

18.43

23.35

t1

9.14

13.20

t2

28.86

33.55

t3

14.36

23.64

picture rating1

sexual arousal2

need to masturbate3

1

scale from 1 (= not arousing) to 5 (= very arousing)

2

scale from 0 (= not sexually aroused) to 100 (= very sexually aroused)

3

scale from 0 (= no need to masturbate) to 100 (= very great need to masturbate)

Heterosexual pictures were rated as more sexual arousing than homosexual pictures (t(27) =
13.98, p < .01, d = 2.91). Repeated measures ANOVA with sexual arousal as dependent
variable showed a significant effect of test interval (Wilks’ Lambda = .49, F(2, 26) = 13.68, p
< .01, η2 = .51). Single comparisons showed no difference between sexual arousal at t1 and t3
(p = .27), but between t1 and t2 as well as between t2 and t3 (both p < .01), indicating a
higher sexual arousal at t2. In line with this, a repeated measures ANOVA with the need to
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masturbate as dependent variable revealed a significant effect of test interval (Wilks’ Lambda
= .69, F(2, 26) = 5.83, p < .01, η2 = .31). Single comparisons showed no difference in the
need to masturbate at t1 and t3 (p = .54), but between t1 and t2 as well as t2 and t3 (both p <
.01) indicating a higher need to masturbate at t2.
In order to explain the performance in the pornographic picture condition of the 4-back
task, performance data acquired in the pornographic picture condition was correlated with the
sexual arousal ratings of the pornographic pictures as well as with the indication of current
subjective sexual arousal and the need to masturbate after picture presentation (at t2).
Correlations are shown in Table 12. The reaction time in the pornographic picture condition
did not correlate significantly with the indicators of sexual arousal (all p > .05).

Table 12
Bivariate correlations of the performance data in the pornographic picture condition of the 4back task with indicators of sexual arousal.
hits

false

skips

d’

alarms
picture rating
vaginal sex

.24

.47*

.14

-.07

heterosexual material

.26

.18

-.04

.11

sexual arousal (t2)

.09

.21

.45*

.08

need to masturbate (t2)

.32

.45*

.05

.19

* = p ≤ .05 (correlation is significantly different from zero with alpha = 5%, two-tailed)
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In order to better understand potential predictors of task performance in the pornographic
condition of the 4-back task, we conducted a hierarchical moderated regression analysis with
d’ as dependent variable. The sexual arousal rating of the heterosexual vaginal intercourse
served as the first independent variable, because pictures in the pornographic picture
condition of the 4-back task showed exclusively pictures of heterosexual vaginal intercourse.
The need to masturbate at t2 served as second independent variable in the regression model
and the interaction of the sexual arousal rating of pornographic pictures displaying vaginal
heterosexual intercourse and the urge to masturbate at t2 was the third variable of the
regression model (all variables centralized, Cohen et al., 2003). In the first step, the sexual
arousal rating explained 1.00% of d’ in the pornographic picture condition of the 4-back task,
but failed to reach significance (F(1, 26) = 1.34, p = .72). In the second step, the urge to
masturbate at t2 did not lead to a significant increase of variance explanation (changes in R2 =
.06, changes in F(2, 25) = 1.48, p = .23). In the third step, adding the interaction of both
predictors resulted in a significant increase of variance explanation (changes in R2 = .20,
changes in F(3, 24) = 6.68, p < .05) of d’ in the pornographic picture condition in the 4-back
task indicating a moderation effect of the need to masturbate. Altogether, the overall
explanation of d’ in the pornographic picture condition of the 4-back task through the three
predictors (block 1 + block 2 + block 3) was significant (R2 = .27, F(3, 24) = 2.89, p ≤ .05).
For further values please see Table 13.
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Table 13
Hierarchical regression analysis with d’ in the pornographic picture condition as dependent
variable.

Main effects

β

T

P

“picture rating"

-.42

-1.96

.06

"need to masturbate”

.58

2.53

.02

“picture rating” x “need to masturbate”

-.55

-2.58

.01

Given the significant interaction effect, we analyzed the simple slopes in order to examine the
moderating effect of the need to masturbate in more detail. The slope of regression line
representing "low need to masturbate" (one standard derivation below the mean) was not
significantly different from zero (t = .88, p = .39), whether or not the pornographic pictures
showing vaginal sexual intercourse between men and women were rated as low or highly
sexual arousing. The slope of regression line representing "high need to masturbate" (one
standard derivation above the mean) was significantly different from zero (t = 2.70, p ≤ .01),
representing a higher sensitivity if the pornographic pictures were rated as low sexual
arousing and lower sensitivity if pornographic pictures were rated as highly sexual arousing.
This indicates that WM-performance within the pornographic picture condition interference is
not primarily predictable by the general sexual attraction to pornographic pictures (as
measured by the sexual arousal rating), because the sexual arousal rating showed no effect on
WM-performance in the 4-back task with pornographic pictures. In fact, resulting needs to
masturbate after pornographic picture presentation moderates the association between the
sexual arousal rating and the performance in the 4-back task with pornographic pictures
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leading to greater interference if pictures were rated as highly sexually arousing and the need
to masturbate was high (see Figure 8).

Figure 8
Demonstration of hierarchical regression analysis' result with d’ in the pornographic picture condition in the 4back task as dependent variable showing a moderation by masturbation needs. Participants reporting a 'low need
to masturbate' show no difference in working memory-performance whether or not pornographic pictures were
rated as sexually arousing. Individuals reporting a 'high need to masturbate' show a worse WM-performance, if
pornographic pictures are rated as highly sexually arousing.

4.5 Discussion
The aim of the present study was to investigate WM-performance for pornographic pictures in
comparison with neutral, negative and positive stimuli in a within-group design using a
pictorial 4-back task in heterosexual men. The main result of the study is worse WM-
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performance for pornographic pictures compared to neutral, negative and positive stimuli.
This is represented by less hits, more false alarms as well as a lower sensitivity in the
pornographic picture condition compared to all other conditions. With respect to the false
alarms and skips within the pornographic picture condition, we found significant correlations
concerning indicators of sexual arousal, such as sexual arousal ratings of pornographic
pictures and the need to masturbate following pornographic picture presentation. Furthermore,
a moderating effect of the need to masturbate following pornographic picture presentation on
the sensitivity on the pornographic 4-back task was found. The results provide first evidence
for the interfering role of sexual arousal on WM processes for pornographic pictures – at least
in heterosexual men – and contribute to the overall pattern drawn by previous studies showing
interfering effects of sexual stimuli on executive processes (Most et al., 2007; Prause et al.,
2008; Wright & Adams, 1999). The findings might also be relevant for problems experienced
by Internetsex participants as well in Internetsex addicted individuals.
The study's main result of worse WM-performance for pornographic stimuli is in line
with other studies addressing sexual stimuli's impact on cognition. It was already shown that
the presentation of sexual stimuli interfered with performance in choice reaction time (Wright
& Adams, 1999), dot detection (Prause et al., 2008) and rapid target perception tasks (Most et
al., 2007). As shown in previous studies, positive and negative stimuli lead to an early
enhancement of attention towards the emotional stimulus (Hamann, 2001; Phelps, 2006;
Vuilleumier, 2005). Since pornographic picture processing is linked to brain structures
associated with emotion, arousal and attention (Arnow et al., 2002; Paul et al., 2008; Redouté
et al., 2000), it seems plausible to interpret the observed results concerning pornographic
pictures against the theoretical background of emotional attention capturing. According to
this, the pornographic pictures used in the WM task seem to have captured the participants’
attention more strongly than the positive and negative pictures (indicated e.g. by increased
reaction times. As indicated by the worse WM-performance, pornographic pictures lead to a
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greater distraction from task demands than neutral, negative and positive pictures. Given these
findings, two aspects need to be explained in more detail: the stronger interfering effect of
pornographic pictures compared to negative and positive stimuli, and the absence of a
differences in the used WM task between neutral and positive or negative stimuli.
With respect to the neural processing of negative and positive pictures, a distinct
activity pattern of the prefrontal cortex, but not of limbic structures was shown (Ball et al.,
2009; Dolcos, LaBar, & Cabeza, 2004; Kensinger & Schacter, 2006). As mentioned above,
pornographic pictures lead to brain activations in attention and emotion associated brain
regions (Arnow et al., 2002; Paul et al., 2008; Redouté et al., 2000), but also of structures
associated with the mesolimbic reward system (Wightman & Robinson, 2002; Wise, 2002).
Since performance of the n-back task mainly relies on prefrontal areas (Owen et al., 2005),
this suggests an interpretation of the obtained results in the WM task in the light of strong
arousal-based attention capturing known from emotional stimuli (Vuilleumier, 2005).
Following this rationale, the stronger interfering effect of pornographic pictures in the WM
task (compared to positive and negative stimuli) might be explained by their greater incentive
salience. Moreover, pornographic pictures lead to sexual arousal and eventually to
masturbation needs. Sexual arousal comprizes both a subjective arousal component and
sexual desire (for review see Janssen, 2011). In line with this argumentation, our data suggest
that the pornographic pictures used elicited both components. Beyond the simple result that
the pictures were rated as subjectively sexually arousing, individuals also reported an increase
of current sexual arousal following pornographic picture presentation as well as an increase of
the need to masturbate. These two indicators of sexual arousal correlated with WMperformance in the pornographic picture condition. In addition, as seen in the moderated
regression, high needs to masturbate after pornographic picture presentation lead to greater
interference with WM-performance for pornographic stimuli than low masturbation needs if
pornographic pictures were rated as sexually arousing. Thus, the strong incentive value of
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pornographic pictures as well as an increase in sexual motivation due to pornographic picture
presentation seems to lead to a WM-interference in terms of a distraction from task demands.
One could ask why the WM-performance was actually not better than observed when the need
to masturbate was low. One speculative explanation is that if pornographic pictures are
principally not interesting for an individual, WM-performance might be declined by avoiding
a deeper processing of the pictures. This tendency in subjects for whom pornographic pictures
are not sexually interesting (those who have very low masturbation needs, see moderated
regression) may also result in distraction from the task and therefore relative worse WMperformance in the pornographic picture condition. Still, the association between the
indicators of sexual arousal and WM-performance within the pornographic picture condition
strengthens the theoretical interpretation of sexual arousal based interference of cognitive
functioning.
Contrary to our assumptions and to the results of previous studies (Dolcos &
McCarthy, 2006; Erk et al., 2007; Gotoh, 2008; Kensinger & Corkin, 2003), we observed no
differences between the neutral, negative and positive picture conditions in the WM task.
Since under all picture conditions people in different situations were shown, confounding
effects by stimuli's content across conditions seem implausible. One explanation for the
different findings compared to the studies mentioned above could be the experimental
paradigms used: In delayed-response and item recognition tasks, participants see series of
stimulus probes and have to decide if a shown stimulus has been included in the probe, while
between seeing and deciding a form of distraction (there through emotional pictures) is
conducted. The procedure applied by Gotoh (2008) comprizes a task switching between item
recognition and item calculation aiming at representing WM-interference through decreased
accuracy in conditions with emotional recognition stimuli. By this, those tasks require storage
in WM during an induction of interference (Conway et al., 2005), a bias for the rehearsal
process (Baddeley & Logie, 1999) emphasised in Baddeley's multi-component model

99
(Baddeley, 1994, 2010). A n-back task, as used in our study, requires monitoring, updating
and manipulation of presented stimuli (Owen et al., 2005). Thus, the task interfering effect of
attention capturing by emotional stimuli in form of distraction from WM (as in previous
studies) might be stronger than the task interfering effect by attention capturing through
emotional stimuli within a task that actually requires WM for the shown stimuli (as in this
study). Contrary to pornographic pictures, the valence of the non-pornographic emotional
pictures we used does not indicate an attention capturing effect compared to when neutral
pictures are presented. Pictorial stimuli in all conditions seem to provide a lot of helpful
information for memorizing and the successful handling of the WM task. Within the
pornographic picture condition, the indicators of sexual arousal are able to explain WMperformance. Pornographic picture processing is associated to sexual arousal, which leads to
interference of WM processes.
The results of attention capturing and cognitive interference through pornographic
stimuli can also be discussed with respect to problems reported by individuals using
Internetsex applications, such as an excessive Internet pornography consumption. Some
individuals report problems occurring during or after pornography consumption on the
Internet such as neglecting, forgetting or missing responsibilities, appointments, sleep, etc.
leading to negative consequences in those individual’s life (Brand et al., 2011; Kuss &
Griffiths, 2011; Young, 2008). For Internetsex participants reporting this form of problematic
behavior and its consequences, sexual arousal and its impact on cognitive processes might
explain parts of these negative effects. The results of this study imply strong interference of
WM by needs to masturbate arising from pornographic pictures. This might explain why
Internetsex participants’ executive functioning might be reduced during the engagement in
Internetsex, since WM is a necessary and important factor of goal directed behaviors (Alvarez
& Emory, 2006; Jurado & Rosselli, 2007). Moreover, it has been shown that for the
development of advantageous decision making WM capacity is required (Hinson et al., 2002).
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Since indicators of sexual arousal and the need to masturbate were the important variables to
explain decreased WM-performance in the pornographic picture condition, facets of sexual
arousal and associated changes in cognitive functions (e.g. focussing of attention) seem to be
crucial to understand problems associated with Internetsex. On a speculative level, one might
argue that if subjects’ attention to sexual stimuli and subsequent sexual arousal interfered with
executive functioning and decision making, then they might be less able to monitor and
control their own Internetsex use. Contributing to this, it has been shown that the amount of
subjective sexual arousal while watching pornographic material is a main predictor to explain
everyday complaints due to Internetsex (Brand et al., 2011). The current findings may give
some first hints for cognitive mechanisms potentially contributing to the link between the
sensitivity for sexual arousal in the context of Internetsex and a loss of control over the use of
Internetsex sites and occurring problems in daily life.
With respect to addictive disorders, a relationship between attentional bias for
substance-related cues and craving reactions is known in substance dependent individuals
(Field, Munafò, & Franken, 2009), which seem to be even relevant factors for the
development and the maintenance of addiction arising by processes of conditioning (Robinson
& Berridge, 2001). For example, problem drinkers show larger bias to alcohol-related cues
and greater cognitive interference (Field et al., 2011; Gladwin & Wiers, 2012; Sharma,
Albery, & Cook, 2001). In populations of dependent individuals, addiction-related cues do not
only have an emotional connotation but also incentive-motivational properties leading to
stronger attention capturing, higher craving and an increased probability of relapse. Since
similar mechanisms of development and maintenance are suggested for excessive sexual
behaviors on the Internet (Kuss & Griffiths, 2011; Young, 2008), the urge to masturbate
observed in this study could be regarded as craving facet in the light of Carter and Tiffany's
(1999) cue-reactivity model with respect to Internetsex addicted individuals. Following this
line of argumentation, the confrontation with pornographic materials should lead to craving
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reactions, such as strong masturbation needs, which should interfere with cognitive processes,
such as WM, monitoring processes and decision making during browsing for Internetsex.
Indeed, the results of this study reveal first evidence for the link between some form of
craving (reflected in the need to masturbate and sexual arousal), attention capturing and
declines in cognitive processing.

Limitations and future directions
All participants started the experiment with the assessment of general demographic data
followed by the pornographic picture presentation, while the experimental paradigm was
performed at the end of the investigation. Therefore, one may speculate if the effects found
are influenced by participants’ priming towards pornographic pictures. However, we do not
believe that the observed effects are caused by priming for several reasons. On the one hand,
pictures used in the picture rating and in the experimental paradigm were different and since
pictures of all picture conditions showed humans, priming should have had an effect on WMperformance in all experimental conditions. In addition, priming usually results in better
performance for the stimuli for which priming has been occurred. This was not the case in our
study, since performance in the 4-back task with pornographic pictures was worse compared
to the other conditions. Moreover, sexual arousal and the need to masturbate before the 4back task were not different compared to the beginning of the investigation and less than
following the pornographic picture rating, which shows that the effect of the pornographic
picture presentation was not stable due the whole duration of the investigation. One further
limitation of the study is that the observed effects might be influenced by a less varied content
within the pornographic picture condition compared to the other picture conditions. Even
though several attempts were made to equate stimuli’s complexity between and within picture
conditions (see methods section) we cannot exclude completely the possibility that the effects
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were influenced by the level of heterogeneity across the picture conditions. However, the
reported effects are principally in line with studies showing negative effects of sexual stimuli
on cognitive functioning emphasizing the validity of our results. However, to rule out any
remaining doubts about priming effects and picture content variance, future studies could use
randomized sequencing as well as a different set of stimuli.
Furthermore, the number of correct responses in the 4-back task was unexpectedly
high in all four experimental conditions. To produce more variance, following studies have, at
least, two options. At first, task difficulty could be increased, e.g. by varying the complexity
of pictures in all picture conditions. On the other side, sexual arousal induction could be
stronger by using a longer presentation of the pornographic picture or for personal preferences
individualized pornographic pictures. Finally, to improve the understanding of the impact of
sexual arousals on cognition, different measurements of sexual arousal (Kalmus & Beech,
2005) could be assessed before, after and even during different experimental paradigms
focusing on memory or executive processes.
In our study, the influence of pornographic pictures on WM-performance was only
tested in men. Other studies report different reactions due to pornographic picture presentation
between men and women (Chivers, Rieger, Latty, & Bailey, 2004; Peterson, Janssen, & Laan,
2010; Rellini, McCall, Randall, & Meston, 2005), therefore – on a speculative level - a
differential effect of sexual stimuli on cognitive processes might be expected. Such
investigations would contribute to gender differences with respect to interference
susceptibility through sexual arousing stimuli.
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5. Study 4: Sexual picture processing interferes with decision making under ambiguity.2

5. 1 Abstract
Many people watch pornography on the Internet in order to receive sexual arousal and
gratification. When browsing e.g. for sexual pictures, individuals have to make several
decisions, all possibly leading to positive or negative consequences. Decision-making
research has shown that decisions under ambiguity are influenced by consequences received
following earlier decisions. Sexual arousal might interfere with the decision-making process
and should therefore lead to disadvantageous decision making in the long run. In the current
study, 82 heterosexual, male participants watched sexual pictures, rated them with respect to
sexual arousal and were asked to indicate their current level of sexual arousal before and
following the sexual picture presentation. Afterwards, subjects performed one of two
modified versions of the Iowa Gambling Task (IGT) in which sexual pictures were displayed
on the advantageous and neutral pictures on the disadvantageous card decks or vice versa
(n=41/n=41). Results demonstrate an increase of sexual arousal following the sexual picture
presentation. Decision-making performance was worse when sexual pictures were associated
with disadvantageous card decks compared to performance when the sexual pictures were
linked to the advantageous decks. Subjective sexual arousal moderated the relationship
between task condition and decision-making performance. This study emphasizes that sexual
arousal interferes with decision making which may explain why some individuals experience
negative consequences in the context of cybersex use.

2

This study is under consideration for publication: Laier, C., Pawlikowski, M., & Brand, M. (under review).
Sexual picture processing interferes with decision making under ambiguity. Archives of Sexual Behavior.
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5.2 Introduction
The Internet offers the opportunity to engage in cybersex easily. Cybersex comprises different
sexually motivated behaviors. Some of them are interactive, e.g. chatting with sexual
connotation, self-displaying to or watching at others within sexual actions via webcam. Other
activities represent a rather passive facet of cybersex, e.g. watching sexual pictures or videos
on the Internet (Döring, 2009). Some authors claim that anonymity, affordability, accessibility
and a certain degree of control about the situation lead to frequent use of cybersex (Cooper,
McLoughlin, & Campbell, 2000; Cooper, Delmonico, Griffin-Shelley, & Mathy, 2004;
Griffiths, 2001; Young, Pistner, O'Mara, & Buchanan, 1999). Most cybersex users report
mainly positive consequences received during or after indulging in cybersex such as
experiencing sexual arousal (Paul, 2009; Shaughnessy et al., 2011), gathering sexual
knowledge, changes in attitudes towards sex and life in general (Hald & Malamuth, 2008),
greater sexual openness, or an enrichment of real-life sexual contacts (Grov et al., 2011). On
the other hand, some individuals report from several negative consequences, resulting from an
overuse of cybersex, such as missing sleep, spending money, social problems with partners,
friend or family members and an interference with private or work responsibilities (Griffiths,
2001).
From decision-making perspective, cybersex users have to make several decisions,
while some of them are associated with potential positive and some with potential negative
consequences for the user. The decisions which have to be made in the context of cybersex
activities have either explicit character (e.g. spending money), or the possible consequences of
the decisions are less clear and implicit (e.g. sharing private information, displaying oneself to
foreigners via webcam or on photography, spending an amount of time for cybersex,
neglecting other activities, etc.) (Döring, 2009). The question remains, why some cybersex
users are not able to control their behavior and continue e.g. watching pornography although
they experience negative consequences during or following their cybersex behavior.
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Understanding this might even have some relevance for understanding the loss of control
experiences by cybersex addicted individuals (Kuss & Griffiths, 2011b).
In decision-making literature, decisions are differentiated with respect to the
explicitness of rules for positive and negative consequences. If rules are explicit and the
decider can deal with probabilities, decisions are called “decisions under risk”. In contrast, if
no information about possible consequences and their probabilities is available and the
decider has to learn implicitly which alternatives are good and which are bad, decisions are
made under “ambiguity” (Bechara, Damasio, Tranel, & Damasio, 1997; Brand, Labudda, &
Markowitsch, 2006). The somatic marker hypothesis aims at explaining how decisions under
ambiguity are made. Generally, it is assumed that individuals' decisions are guided by earlier
emotional experiences of similar decision situations (Bechara et al., 2000; Bechara et al.,
1994; Dunn et al., 2006), for instance, after a decision, individuals receive some form of
positive or negative feedback (rewards or punishments), which is processed emotionally and
influences following decisions in similar decision-making situations. According to this, the
relevance of emotion-related brain structures has been pointed out quite clearly with respect to
advantageous decision making in daily life and measured by the Iowa Gambling Task (IGT),
which is frequently used to simulate real-life decisions in the laboratory (Bechara et al., 2000;
Bechara et al., 1999; Bechara et al., 2003; Bechara et al., 1994; Dolan, 2002; Naqvi, Shiv, &
Bechara, 2006). Considering a cognitive science perspective, decisions under ambiguity are
made rather by an intuitive system, while decisions under risk are more directed by reasoning
(Brand et al., 2009; Kahneman, 2003; Schiebener et al., 2011). With respect to decision
making under ambiguity, the stimulating nature and the reward-related processing of sexual
pictures could interfere with the emotional feedback learning necessary for the development
of advantageous decision making in the long run.
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Sexual arousal is discussed as being one main motivational aspect in cybersex activity.
It is thought to be multifaceted and comprises physiological, behavioral, motivational,
cognitive and affective components, which can be triggered internally and externally (for
overview see Janssen, 2011; Sachs, 2007). An interaction between sexual arousal and
cognition has been shown, meaning that cognitive processes can impact physiologic and
subjective components of sexual arousal (Janssen, Everaerd, Spiering, & Janssen, 2000). As
revealed by brain imaging studies, sexual pictures showing heterosexual intercourse lead to
activations of the claustrum, paralimbic structures (including the anterior cingulate cortex, the
orbitofrontal cortex and the insula), the striatum and the hypothalamus in heterosexual men
(Arnow et al., 2002; Paul et al., 2008; Redouté et al., 2000; Stolèru et al., 1999). Ejaculation,
in cybersex mostly reached through masturbation, seems to be correlated with (amongst other
structures) activity of the ventral tegmental area (Holstege et al., 2003). Thus, the processing
of sexual pictures activate brain structures associated with the reward system (Rolls, 2000;
Wise, 2002), emphasizing the stimulating nature of sexual pictures and the possibility of
receiving gratification by watching sexual pictures on the Internet. Moreover, it was shown
that individuals differ in their sexual response to sexual cues. Some individuals are more
prone to sexual excitation and receiving gratification due to sexual cues than others (Bancroft
et al., 2009).
Experimental research addressing the impact of sexual arousal on decision-making
processes is very rare, so far. Only one study was conducted showing that individuals
indicating high, self-induced sexual arousal report a greater willingness to act morally
questionable in order to achieve sexual gratification as well as a greater willingness to engage
in unsafe sex compared to individuals reporting low or no sexual arousal (Ariely &
Loewenstein, 2006). This clearly points out the situational influence of sexual arousal on
judgement and decision making, but it remains unclear, if sexual arousal influences only
willingness, or if sexual arousal leads indeed to disadvantageous decision making. Although
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cybersex has a functional character for many users (Döring, 2009), it is still unclear whether
or not sexual arousal interferes with general decision-making performance possibly leading to
diverse negative consequences for individuals. We aimed at addressing this research gap by
modifying the most common decision-making paradigm with sexual and neutral pictures and
assessed indicators of sexual arousal simultaneously to address possible interfering effects of
sexual arousal on decision making. From a decision-making perspective, this might explain
parts of the problems reported by cybersex users.
Against the theoretical and empirical evidence from studies on decision making as
well as on sexual arousal, we hypothesize that decision making under ambiguity is influenced
by sexual arousal. We aimed to investigate this assumption with two manipulations of the IGT
in a between-subject design by integrating sexual and neutral cues into the conventional test.
While in one group the sexual pictures were associated with the advantageous decisionmaking alternatives, in the other group sexual pictures were related to disadvantageous
decision-making alternatives. In this way, we designed an experiment, in which we had two
groups performing the same type of modified IGT with the exception that the decks were
interchanged, while in both versions the same, but task irrelevant cues were included. By this,
we argue that the stimulating nature of sexual pictures and sexual arousal interferes with the
processing of feedback offered by the task leading to a preference for those decision
alternatives linked to pictures promising sexual gratification, although in one group these
alternatives offered higher punishments than rewards. More specifically, we formulated the
following hypotheses:

Hypothesis 1: Participants’ decision-making performance is more disadvantageous in the IGT,
if the disadvantageous alternatives are covered with sexual pictures. In contrast, participants’
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decision-making performance is more advantageous, if the sexual pictures cover the
advantageous alternatives.

Hypothesis 2: Between-group differences in the IGT performance are moderated by
subjective sexual arousal.

5. 3 Methods
5.3.1 Participants
We examined 82 heterosexual men (mean age: M = 25.21, SD = 6.23, range: 18-54 years).
Participants were recruited by advertisements in public and in the University of DuisburgEssen, and were paid at an hourly rate for participation (10€/hr.). We explicitly advertised for
male, heterosexual participants with a minimum age of eighteen years and indicated that study
participation included viewing and rating explicit sexual stimuli of legal sexual practices.
Mean years of education in the sample was 12.21 (SD = 1.29). All participants gave written
informed consent prior to the investigation and confirmed their heterosexual preference via
questionnaire. The study was approved by the local ethics committee.

5.3.2 Procedure
The experimental paradigm was implemented within a laboratory setting and each participant
was attended by one investigator. All experimental paradigms and questionnaires (see below)
were assessed computer-based. The experiment took approximately one hour.

At first,

individuals answered some questionnaires and indicated their current sexual arousal. Then,
participants were presented and rated sexual pictures, which was followed by a second
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assessment of current sexual arousal. After answering some more questionnaires about sexual
behavior in general, one of the modified versions of the IGT was performed. Within the
investigation all participants were examined alone in one laboratory sitting behind a dividing
wall ensuring their privacy.

5.3.3 The experimental task: A modified Iowa Gambling Task (IGT) with sexual and
neutral pictures
To assess decision making under ambiguity, we used the IGT (Bechara et al., 1994) in two
manipulated versions (see description below). In the original IGT (Bechara, Tranel, et al.,
2000) participants are instructed to maximize a starting capital of 2,000 € by selecting one
card at a time from four card decks, while they do not know the total number of 100 trials.
Because card selections from decks A and B result in large monetary gains followed by even
larger losses at certain unpredictable times, decks A and B are “disadvantageous” in the long
run. Card selections from decks C and D result in small immediate gains followed by even
smaller unpredictable losses. Therefore, decks C and D are “advantageous” in the long run.
Participants are informed about how much money they won, and in some cases also lost, after
each trial. Additionally, they are also informed that some decks are better than others and that,
to win, they have to avoid the disadvantageous decks and keep selecting from the
advantageous decks.
Here, we used two modified versions of the IGT in which pictures are seen instead of
the original card decks. If one card was chosen, another picture appeared on the back of the
following card beneath. In the first version, neutral pictures of the International Affective
Picture System (IAPS) (Lang et al., 2008) were placed on the two disadvantageous decks (A
and B) and pictures of heterosexual vaginal intercourse (for description see “Indicators of
sexual arousal”) were shown on the two advantageous decks (C and D). In the other version,
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the sexual pictures were displayed on the disadvantageous (A and B) and the neutral pictures
on the advantageous decks (C and D). By this, all participants played an IGT modified with
the same pictures. The only difference was that the decks were interchanged. These two IGT
versions were administered to the participants in a between-group design: 41 individuals
performed the IGT version with the sexual pictures on the advantageous decks and 41
individuals performed the version with the sexual pictures on the disadvantageous decks.
Performance was analyzed by dividing the 100 trials into five blocks of 20 card
selections. We calculated the net score for all five blocks separately as well as one overall net
score by subtracting the number of selections from disadvantageous decks (A and B) from the
number of selections from advantageous decks (C and D). By this, scores above zero indicate
a selection of more advantageous than disadvantageous decks. Scores below zero indicate a
selection of more disadvantageous than advantageous decks. Following Brand, Recknor, et al.
(2007) and Bechara et al. (1997) we also calculated the net score for the first and second
block (Block 1 and 2). A positive net score in Block 1 and 2 indicates fast learning from
feedback.

5.3.4 Indicators of sexual arousal
Before performing the IGT, participants were shown 100 images of ten categories of sexual
pictures and were asked to rate them with respect to subjective sexual arousal (1 = not
sexually arousing; 5 = very sexually arousing). The categories included heterosexual sex
(vaginal intercourse, anal and oral sex, while there were two oral categories: one with the man
the cunnilingus and one with the woman doing the fellatio actively), homosexual sex (anal
and oral intercourse between two men, vaginal-vaginal tribadism and oral intercourse between
two women) and single masturbating men and women. The picture presentation was
randomized. Of particular interest for the current study is the average rating of heterosexual
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vaginal intercourse (Cronbach's α = .92), because pictures of this category were also used for
the manipulation of the IGT (see above). Furthermore, we calculated the average ratings for
the aggregated picture sample of male, heterosexual preference (Cronbach's α = .98) as
general indicator for individual arousal due to sexual stimuli. Before (t1) and following (t2)
the picture presentation, participants were additionally asked to rate their current sexual
arousal (1 = not sexually aroused; 100 = very sexually aroused).

5.3.5 Questionnaires
Several questionnaires were administered to the participants assessing their cybersex behavior
and further personal information. For participants, cybersex was defined according to Döring
(2009) as an online sexual activity including watching pornography, participating in sexually
motivated chats or webcam sex, reading sexual arousing literature on the Internet, searching
for sexual offline contacts or gaining sexual information on the Internet. Subjects indicated
how often they participate in each of these activities and were asked afterwards how often
they engage in cybersex altogether. Particularly, we were interested in the age participants
engaged in cybersex for the first time, how many hours they spend on Internet sex sites per
week as well as the relation of watching sexual pictures on the Internet compared to the
overall Internet sex activities using a scale from 0 (= never) to 4 (= very often). Additionally,
a short-version of the German Internet Addiction Test (Pawlikowski et al., 2012)

was

modified for Internet sex sites (s-IATsex) to assess subjective complaints due to excessive
usage of cybersex in daily life. Compared to the original version, the term "Internet" was
replaced by "Internet sex sites" in all items (further details and examples are given in Brand et
al., 2011). All twelve items can be answered from 1 ("never") to 5 ("very often") resulting in a
potential score from 12 to 60 (for a more detailed description of the s-IATsex please see
section 2.3.2). In this sample, internal consistency of the s-IATsex was high (Cronbach's α =
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.87). Because questionnaires queried highly personal information, participants were explicitly
instructed that the answering of all questionnaires was completely optional in order to avoid
false data.

5.4 Results
Participants indicated an initial contact with cybersex at the age of 15.65 (SD = 4.86). The
current mean time spend on Internet sex sites was 1.40 hours per week (SD = 1.30, n = 50).
With respect to every day complaints due to the usage of cybersex individuals report a mean
score of 19.38 (SD = 6.26) in the s-IATsex (all subjects, n = 82). The two IGT groups did not
differ with respect to age, age of initial contact with cybersex, mean time spend on Internet
sex sites, and the score of the s-IATsex (all p's > .05).

5.4.1 Manipulation check
For description of the picture ratings and the indication of sexual arousal at t1 and t2 see
Table 14. The two IGT groups differed with respect to valence and sexual arousal ratings of
the stimuli showing vaginal heterosexual intercourse, M1 = 3.79, SD = .64, M2 = 3.39, SD =
.85, t(77) = 2.30, p < .05, d = .38, but did not differ in the sexual arousal rating for pictures
showing sexual practices for heterosexual male’s eye, M1 = 3.47, SD = .60, M2 = 3.16, SD =
.81, t(77) = 1.91, p > .05. The indication of sexual arousal at t1, M1 = 11.73, SD = 22.34, M2
= 12.83, SD = 20.10, t(80) = -.23, p > .05, and t2, M1 = 31.05, SD = 24.13, M2 = 28.39, SD =
29.13, t(77) = .45, p >.05, were comparable between the groups. For both groups together, the
reported sexual arousal was significantly higher after watching the sexual pictures (t2)
compared to the baseline (t1), t1: M1 = 12.28, SD = 21.13, t2: M2 = 29.72, SD = 26.62, t(81)
= -5.52, p < .001, d = 1.22.
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Table 14
Results of the picture ratings and the indication of sexual arousal following sexual picture
presentation.
N = 82

M

SD

vaginal sex

3.58

.78

heterosexual sex

3.31

.73

picture rating1

sexual arousal2
t1

12.28 21.13

t2

29.72 26.62

1

scale from 1 (= not sexually arousing) to 5 (= very sexually arousing)

2

in percentage (0 - 100%)

5.4.2 Decision-making task
The net scores of the five IGT blocks as well as the overall net score for the two IGT groups
are shown in Table 15. The IGT net score was significantly higher in the group which played
the IGT with sexual pictures on the advantageous (decks C and D) compared to the group
with sexual pictures on the disadvantageous decks (A and B), t(80) = 3.12, p < .01, d = .69).
With respect to the first forty trials, the net score was also significantly higher in the group
which played the IGT with sexual pictures on the advantageous decks (M = 3.27, SD = 15.30)
compared with the group with sexual pictures on the disadvantageous decks (M = -5.80, SD =
13.34), t(80) = 2.86, p < .01, d = .63).
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Table 15
Mean net scores of the five IGT blocks as well as the IGT overall net score for both groups
playing the modified IGT with sexual pictures on card decks CD or on card decks AB.
IGT sexual pictures Block 1

Block 2

Block 3

Block 4

Block 5

overall

on card decks
M

SD

M

SD

M

SD

M

SD

M

SD

M

.63

9.13

2.63

9.99

5.66

10.08

6.23

9.06

4.19

9.05

19.42 32.19

AB (disadvantageous) -5.65 6.79

-.15

8.97

.19

10.23

1.12

9.97

1.90

8.98

-2.58 31.61

CD (advantageous)

SD

In order to analyze IGT performance in more detail, repeated measures ANOVA was carried
out with “group” as between-subject factor and the five IGT blocks as within-subject factor.
The between-subject factor was significant, F(1, 80) = 9.75, p < .01, η2 = .11, indicating that
the IGT performance was better in the group with sexual pictures on the advantageous decks
(C and D) compared to the group with sexual pictures on the disadvantageous decks (A and
B). Furthermore, the within-subject effect “blocks” was significant, Wilks' Lambda = .71,
F(4, 77) = 7.82, p < .001, η = .29. However, the interaction between group and IGT blocks
slightly failed to reach significance, Wilks' Lambda = .94, F(4, 77) = 1.32, p > .05, η2 = .06.

5.4.3 Moderating variables on decision-making performance
The bivariate correlations between the IGT scores, the sexual picture ratings and the sexual
arousal ratings are shown in Table 16.
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Table 16
Bivariate correlations of IGT net score of the first forty trials and the overall net score with
the sexual picture rating and sexual arousal for both groups playing the modified IGT with
sexual pictures on card decks C and D or on card decks A and B.
IGT

IGT

sexual pictures on CD

sexual pictures on AB

net score

net score

net score

net score

(trials 1-40)

(trials 1-100)

(trials 1-40)

(trials 1-100)

vaginal sex

.22

.09

-.19

-.23

heterosexual sex

.24

.10

-.20

-.31*

t1

-.13

-.12

-.34*

-.26

t2

.44**

.38*

-.16

-.11

sexual picture rating

sexual arousal

* = p ≤ .05 (correlation is significantly different from zero with alpha = 5%, two-tailed)
** = p ≤ .01 (correlation is significantly different from zero with alpha = 5%, two-tailed)

In order to test the hypothesis on the interaction effect between IGT version and subjective
sexual arousal in predicting the decision-making outcome, we calculated a moderated
regression analysis with group and sexual arousal at t2 as well as their interaction as predictor
variables (all variables centralized, Cohen et al., 2003) and IGT's net score as dependent
variable. In the first step, “group” explained 10.90% of the IGT net score (F(1, 80) = 9.75, p <
.01). Adding “sexual arousal” in the second step, variance explanation did not increase
significantly (changes in R2 = .011, changes in F(1, 79) = .99, p > .05). When entering the
interaction of group and sexual arousal (third step) the explanation of IGT net score increased
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significantly (changes in R2 = .058, changes in F(1, 78) = 5.53, p < .05). The overall
explanation of IGT's net score through the three predictors remained significant (R2 = .178,
F(3, 78) = 5.63, p < .01). For further values see Table 17.

Table 17
Hierarchical regression analysis with IGT net score as dependent variable.

Main effects

β

T

P

“group”

.322

3.13

.002

“sexual arousal”

.151

1.45

.152

“group x sexual arousal”

.246

2.35

.021

Given the significant interaction effect of group and sexual arousal, we analyzed the simple
slopes to address the moderating effect of sexual arousal across the two groups in more detail.
The slope of the regression line representing “low sexual arousal” (regression-based
estimation for subjects one standard deviation below the group’s mean) was not significantly
different from zero (t = .05, p > .05), indicating no effect whether sexual pictures were
associated to the advantageous or disadvantageous IGT decks. The slope of regression line
representing “high sexual arousal” (regressed score for subjects having a sexual arousal one
standard deviation above the group’s mean) was significantly different from zero (t = 3.89, p
< .001). This indicates that the net score was higher if sexual pictures were associated with the
advantageous decks and lower if sexual pictures were linked to the disadvantageous decks.
This demonstrates that in individuals who reported very low sexual arousal after sexual
picture presentation decision-making performance did not differ across the two IGT versions.
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In contrast, in individuals who reported high sexual arousal, the decision-making performance
was worse when sexual pictures were associated with the disadvantageous decks and good
when the sexual pictures were linked to the advantageous card decks (see Figure 9).

Figure 9
Demonstration of moderated regression analysis' results with the IGT net score as dependent variable.
Participants reporting “low sexual arousal” show no difference between the experimental task conditions.
Individuals reporting “high sexual arousal” reach a lower net score in the modified IGT with sexual pictures on
the disadvantageous card decks A and B and a higher net score in the IGT version with sexual pictures on the
advantageous card decks C and D.

5.5 Discussion
The aim of the present study was to explore the effect of sexual arousal on decision making
under ambiguity using two modified IGT versions with sexual and neutral pictures in a
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between-group design. In all participants, we induced sexual arousal by a presentation of
sexual pictures prior to performing the IGT. The induction of sexual arousal was successful:
the participants rated sexual pictures as arousing and, additionally, reported an increase of
sexual arousal following the sexual picture presentation. The main results of the study are:
decision-making performance was better when sexual pictures were associated with the
advantageous alternatives and worse when sexual pictures were linked to disadvantageous
alternatives. This effect was moderated by individual sexual arousal. Particularly in
individuals who were highly sexually aroused after the presentation of sexual pictures showed
the effect of disadvantageous decision making when the sexual pictures were on the back of
the disadvantageous decks compared to those individuals who reported low sexual arousal.
The finding that decision making can be influenced by sexual stimuli, although they
are not related to the decision-making rules and feedback contingencies, can be explained by
two lines of argumentations. On the one hand, sexual pictures most likely have a stimulating
nature and a strong incentive value for many males (Arnow et al., 2002; Brand et al., 2011;
Paul et al., 2008; Redouté et al., 2000). In our investigation the stimulating and incentive
character of sexual pictures is demonstrated in the finding that the confrontation with sexual
stimuli led to an increase of subjective sexual arousal. By this, the stimulating nature of sexual
pictures should contribute to a preference towards decision-making alternatives which are
linked to sexual pictures compared to alternatives which are linked to neutral stimuli in order
to receive and maintain gratification. This means that the sexual pictures on the card decks
had potentially higher attraction than the neutral pictures, which leads to a higher preference
of the participants for choosing these alternatives. This effect may particularly explain why
subjects start to choose the card decks at the beginning of the IGT.
However, this effect cannot explain why participants keep selecting these alternatives
over task duration when receiving high losses for their choices (in the group which played the
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IGT with the sexual pictures on the disadvantageous decks). It is more likely that the
attraction of sexual stimuli interferes with processing the feedback and learning to avoid these
alternatives on the basis of the gains and losses received. We argue that sexual arousal due to
the sexual pictures leads to a distraction from task requirements as well as to a neglect of
feedback provided within the decision-making process, in particular in individuals who
experience high sexual arousal when watching sexual pictures (in terms of a high sensitivity
towards sexual stimuli). Detrimental effects of emotional arousal on IGT performance was
already demonstrated in different ways. For example, it was shown that mood influences
decision making, while positive mood is related to more advantageous and negative mood to
more disadvantageous decision making (Suhr & Tsanadis, 2007; Vries, Holland, & Witteman,
2008). Moreover, as another example for a non-sexual arousal state, stress influences decision
making negatively (Preston, Buchanan, Stansfield, & Bechara, 2007; Starcke & Brand, 2012;
van den Bos, Harteveld, & Stoop, 2009). Detrimental effects of emotional stimuli on
cognition were also shown e.g. regarding working memory (Dolcos & McCarthy, 2006; Erk
et al., 2007; Gotoh, 2008; Kensinger & Corkin, 2003). This distractions were explained by
stimuli’s emotional salience, leading to a binding of attention competing with top-down
control strategies of perception mediated by the amygdala (Hamann, 2001; Vuilleumier,
2005). With respect to sexual stimuli it was shown that sexual picture processing and sexual
arousal interferes with working memory (Laier et al., 2012) as well as with other cognitive
domains, measured for example by go/no-go, detection or choice reaction tasks (Macapagal,
Janssen, Fridberg, Finn, & Heiman, 2011; Most et al., 2007; Prause et al., 2008; Schimmack,
2005; Wright & Adams, 1999). In our study, it seems plausible that the confrontation with
sexual pictures bound attention, which interfered with processing the feedback provided
following each decision. As processing the feedback is necessary to learn the task’s
contingencies and rules for winning and losing (e.g., Bechara et al., 1997; Brand et al., 2007),
the interference of sexual stimuli with processing the feedback – in particular with processing
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the high punishments for a disadvantageous choice – our results may explain why some
individuals keep using cybersex (e.g., watching pornography on the Internet), although they
experience negative consequences in their daily life (e.g., Brand et al., 2011).
Taken both lines of argumentation together, we assume that the good performance on
a group’s mean level in the group with sexual pictures on the good decks and the overall
worse performance of the group with the sexual pictures on the bad decks is at first
explainable by sexual pictures’ character of invitation promising gratification leading to
distraction from task requirements and reduced feedback learning. Research showed that
individuals react differentially to sexual cues, while some are more prone for sexual excitation
(Bancroft et al., 2009). This is also reflected in our data, as shown in the moderated regression
analysis. Those subjects who report a high sexual arousal and who have to learn on the basis
of the feedback that those alternatives, which are linked to pictures which promise
gratification are the bad options, had clear reductions in their overall decision-making
performance (the kept choosing the disadvantageous alternatives irrespective of the
punishments they received). In turn, individuals who report high sexual arousal and who have
to learn that those alternatives, which are linked to sexual pictures are good options, learned
even more quickly to decide advantageously (they simply kept choosing the sexually masked
options for which the received little punishments). In summary, the results support the
hypothesis that sexual picture processing leads to interference of sufficient processing of
emotional feedback in ambiguous decision-making situations (Bechara, Damasio et al., 2000;
Bechara et al., 1999; Bechara et al., 2003; Naqvi et al., 2006) and may therefore explain why
some individuals – in particular those who are sensitive for sexual gratification – make
disadvantageous decisions in the context of their cybersex use.
The effect that subjective sexual arousal may contribute to dysfunctional decision
making should be even stronger in real-life cybersex activities than in a laboratory setting.

121
Watching sexual pictures or videos at home might lead to even greater sexual arousal
compared to an experimental situation, because individuals are in private and are able to
control their environment, browse for sexual stimuli, which fit better to their personal
preferences and pornography consumption might be accompanied by masturbation. Our main
findings emphasize the view that sexual arousal in combination with the availability of sexual
stimuli in the cybersex context can lead to neglecting potential negative short- or long-term
consequences such as forgetting appointments, missing sleep, disregarding partnership, social
life, school, academic or job performance and so on during participating in cybersex
(Griffiths, 2001). Furthermore, those individuals who receive more gratification by cybersex
due to a greater sensitivity for sexual excitation might be more prone to develop an increase
of incentive sensitization due to pornography use (Martin-Soelch et al., 2001; Robinson &
Berridge, 2001) potentially leading to addicted or excessive involvement in cybersex (Brand
et al., 2011). Moreover, these results can be interpreted with relevance for different facets of
cybersex (Döring, 2009). Since all kinds of cybersex regards any kind of decision making,
sexual arousal or its expectation in combination with the availability of sexual stimuli might
lead to disadvantageous decisions, which may cause negative consequences in the users' life.

Limitations and future directions
Although in some previous studies with the original IGT, the participants were paid
contingently to IGT performance for motivational reasons, our participants received the same
payment (independent from their final balance in the IGT) for several reasons: Firstly, there is
an on-going ethical debate on whether or not to pay study participants depending on their
performance. Secondly, there was research addressing this question showing no differences
between IGT versions using real versus virtual money (Bowman & Turnbull, 2003). Finally,
if motivation to perform the IGT would depend on or influenced by and performance
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contingent payment, this effect should be the same for both groups in our study, since both
groups were paid identically for their participation. This means that the group differences
found cannot be attributed to the type of payment for study participation. With respect to the
IGT performance, the net score in both versions was relatively low compared to IGT
performance of healthy individuals reported in earlier studies, which applied the original IGT
without pictures (e.g. Bechara, 2007; Brand & Altstötter-Gleich, 2008; Brand et al., 2007).
The lower net scores may indicate that solving the modified IGT is more difficult irrespective
of the picture content. To the best of our knowledge, no other studies using the IGT with
picture manipulations has been published so far, so a direct comparison is not possible.
Furthermore, by using an innovative modification of the IGT, we cannot prove that the design
changed the underlying conditions of ambiguity by adding two paired card decks of neutral
and sexual cues. However, the variance of IGT performance across studies is relatively high
(overview in Buelow & Suhr, 2009; Dunn et al., 2006). Irrespective from the modification’s
effect on the IGT’s conditions, one has to keep in mind that we had two groups in the study:
One group saw the sexual pictures on the disadvantageous decks (and the neutral pictures on
the advantageous decks) and the other group saw the sexual pictures on the advantageous
decks (and the neutral pictures on the disadvantageous decks). The results are based on the
comparison of these two groups. Consequently, if the ambiguity in the task would have been
decreased, this must be true for both groups and the significant group differences and
interactions reported are not confounded by a potential reduction of the ambiguity or
complexity in the task. Since sexual arousal was identified as a main variable to improve the
understanding of between-group differences in the experimental conditions, investigations
aiming at exploring the effect of sexual arousal on different facets of cognition need to
advance the induction as well as the monitoring of sexual arousal. Using different methods of
measuring sexual arousal beyond simple self-reported subjective perception (Janssen et al.,
2007; Kalmus & Beech, 2005) might improve our understanding of different facets of sexual
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arousal (Janssen, 2011; Sachs, 2007) in interaction with cognitive functions. As a last
limitation it has to be mentioned that the assessment of sexual arousal might underlie some
unknown and uncontrollable biases. On the one hand, engaging in cybersex at home might
e.g. be associated to fear of being discovered by a partner. Watching pornography within a
laboratory setting might be associated to similar fears of being observed, or might give the
participant the permission to respond to the same. Even though participants indicated an
increase of sexual arousal and shared some information about sexual preferences and sexual
(online) behavior, both might be biased since sexuality is a highly sensitive personal matter.
Even though cybersex use and especially watching pornography is widespread in the
general population, it seems to be more widespread in males (e.g. Short, Black, Smith,
Wetterneck, & Wells, 2012). Nevertheless, the effect of sexual arousal on decision making
needs to be addressed in heterosexual women and homosexual men and women as well.
Furthermore, to complement the results of this study, one could assign similar experimental
designs on decision making under risk (Brand et al., 2006). Moreover, studies showing
decision-making problems under ambiguity in different samples of addicted patients such as
alcohol, cocaine or pathological gamblers (Bechara & Martin, 2004; Bolla et al., 2003; Brand
et al., 2006; Goudriaan et al., 2005), could be transferred to individuals suffering from
cybersex addiction (Kuss & Griffiths, 2011; Young, 2008). Changes in fronto-striatal brain
loops seem to reflect changes in reward anticipation, planning, working memory, inhibitory
control and feedback processing in dependent subjects (Koob & Volkow, 2010). Similar
alterations could be relevant to cybersex addicted individuals, but this hypothesis needs to be
tested empirically in the future.
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6. General conclusion and future studies
Sexually motivated behaviors on the Internet are widely spread within the general population
(e.g. Daneback et al., 2005; Döring, 2009). Although diverse Internet applications can be used
for sexual purpose, particularly watching pornography on the Internet seems to be the most
used facet of cybersex, especially by males (Short et al., 2012). While cybersex can be used
for several reasons and in different viewing contexts, the main predictor of Internet
pornography consumption is that individuals anticipate and gain sexual arousal and
gratification from watching pornography (Paul, 2009). Although most individuals are able to
use cybersex in a healthy and enriching way to satisfy and complement to their sexual needs
(e.g. Grov et al., 2011; Hald & Malamuth, 2008), others report from symptoms of dependency
and personal distress regarding their cybersex use. That means, they experience a loss of
control about their cybersex use as well as diverse persistent negative consequences, for
example spending money, neglecting, forgetting, or missing job or social responsibilities,
appointments, or sleep (for review see Kuss & Griffiths, 2011). Given the clinical relevance
of these disturbances, the aim of this thesis was to investigate mechanisms potentially
underlying the development of cybersex addiction and mechanisms behind the occurrence of
negative consequences resulting from cybersex use. To address these aims, four experimental
studies with analogue samples have been presented: The first study investigated the role of
sexual arousal, cue-reactivity, and the role of a poor or unsatisfying sex life for cybersex
addiction. The second study focused on cue-reactivity as well as on the predisposing factors
of sensitivity to sexual excitation, a problematic use of sex in general, and a pre-existing
psychopathology in terms of vulnerability for cybersex addiction. The third study explored the
effect of the stimulating nature of pornographic pictures on working memory, and the fourth
study examined the effect of pornographic picture processing on decision making.
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Within the following paragraphs, the main results of the four studies will be
summarized and the observed effects will be inspected as well as compared critically
regarding the methods applied. Afterwards, the results of the four studies will be integrated,
discussed with respect to the theoretical background, and explained how they contribute to the
gain of scientific knowledge. Furthermore, perspectives for future studies will be given.

6.1 Summary of the main results
The main result of the first study is that indicators of sexual arousal and reward craving, but
not indicators of a poor or unsatisfying sex life predicted a tendency towards cybersex
addiction. Moreover, it was shown that the reported satisfaction with the quality of real-life
sex moderated the relationship between craving reactions and cybersex addiction. Results
converge to the view that individuals with high craving reactions and a high satisfaction with
real-life sex are more prone to cybersex addiction. This gives reason to assume that
gratification in terms of positive reinforcement is a mechanism of development and
maintenance of cybersex addiction. Results contradict the assumption that a poor or
unsatisfying sex life can be considered as risk-factor in the development cybersex addiction.
The main result of the second study is that assumed predefining factors for cybersex addiction
as well as an indicator of reward craving predicted tendencies towards cybersex addiction.
Moreover, craving partially mediated the relationship between vulnerability and tendencies
towards cybersex addiction. These findings strengthen the assumption that mainly positive
reinforcement received by cybersex mediated by processes of conditioning results in cuereactivity and craving as main mechanisms underlying the development of cybersex
addiction. Moreover, the results point out that these mechanisms might be particularly
relevant for individuals with a high vulnerability for cybersex addiction. The third study
showed that working memory-performance for pornographic pictures was worse than working
memory-performance for neutral, negative and positive pictures. The sexual arousal as well
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masturbation urges resulting from pornographic picture presentation interfered with working
memory-performance within the pornographic picture condition, while individuals reporting
high sexual arousal and high masturbation urges showed worst working memoryperformance. The fourth study demonstrated that decision making under ambiguity was
impaired when pornographic pictures had to be processes simultaneously. Sexual arousal
resulting from pornographic picture presentation explained decision-making performance
within the experimental task modification. Results support the assumption that sexual arousal
disturbs emotional feedback processing following decision making and leads to a preference
for rewarding behavior in the short run, while negative consequences in the long run are
disregarded. Due to the findings of the third and the forth study the processing of
pornographic pictures is associated with an increase of sexual arousal which itself interferes
with cognitive processes important for goal-directed behaviors. Altogether, the findings of the
four experimental studies identified indicators of sexual arousal as the main variables to
explain tendencies towards cybersex addiction as well as interference with cognitive
processes. Since sexual arousal is highly reinforcing (for review see Georgiadis &
Kringelbach, 2012), it seems plausible to discuss these findings within the theoretical
background of positive reinforcement and learning mechanisms. Nevertheless, to legitimate
this discussion, a critical comparison regarding the methods applied needs to be conducted at
first.
To assess subjective complaints in everyday life resulting from cybersex use and
symptoms of cybersex addiction, a German short version of the IAT (Pawlikowski et al.,
2012) modified for Internet sex sites was used. The s-IAT has twelve items asking for
symptoms of dependency, which can be answered on a scale from 1 (= never) to 5 (= very
often) and assigned to the two factors “loss of control and time management” and “craving
and social problems”. The authors recommend using the overall sum score for general
analyses and the sum scores of the two factors for specific analyses. Moreover, cut-off scores
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for the s-IAT were defined: A problematic use of the Internet is indicated by an overall sum
score above 30 and a pathological use of the Internet is indicated by an overall sum score
above 37 (Pawlikowski et al., 2012). In the four studies, the modification of the this
questionnaire for Internet sex sites was done comparable to Brand et al. (2011), i.e. terms like
"online" or "Internet" were replaced by the terms "online sexual activity" or "Internet sex
sites" (for a more detailed description of the s-IATsex please see section 2.3.2). A mean
overall sum score of the s-IATsex was reported in the first, in the second and in the fourth
study. Applying the cut-off scores defined for the s-IAT to the s-IATsex, the mean values of
the three samples suggest an unproblematic use of cybersex on group level. Looking at
individual sum scores, all samples included participants reporting a problematic or a
pathological use of cybersex. In the first study, 154 participants used cybersex nonproblematically, 14 individuals used cybersex problematically and three participants used
cybersex pathologically. In the second study, the use of cybersex was not problematic in 117
of the participants, while six reported a problematic and two a pathological use of cybersex. In
the fourth study, 75 participants indicated a cybersex use which can be considered as
unproblematic, six individuals used cybersex problematically, and one participant reported a
pathological use of cybersex. Taken as a whole, the observed variance of the s-IATsex in the
three studies is as expected when investigating analogue samples. Although the observed
main results of the studies need to be replicated in studies using clinical samples (for more
detailed comment on limitations please see section 6.3), the s-IATsex showed variance
allowing interpreting the results within the proposed theoretical framework.
To assess indicators of cue-reactivity and reward craving, in all of the four studies the
same experimental paradigm was used. This paradigm consisted of the presentation of 100
pornographic pictures displaying explicit pornographic scenes between one man and one
woman, between two males, between two females, or masturbating males or females. All
pictures had to be rated regarding subjective sexual arousal, viewing times of the pictures
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were recorded and participants were asked to indicate their sexual arousal as well as their
need to masturbate previous and following the pornographic picture presentation. Applying
this kind of experimental paradigm has been justified under the consideration the
consideration of cybersex addiction in analogy to substance and other behavioral addictions.
Studies addressing craving in substance and behavioral addictions have previously used
similar experimental paradigms, i.e. addiction associated cues have been presented and
reward craving has been measured subjectively (e.g. Garavan et al., 2000; Goudriaan et al.,
2010; Gray et al., 2008; Grüsser et al., 2000; Ko et al., 2009; Kushner et al., 2008; Thalemann
et al., 2007). Aiming at investigating the role of craving in cybersex addiction, this kind of
experimental paradigm has been modified with pornographic pictures to address cybersex
addiction. The pictures included had to fulfill several criteria, e.g. no fetish relevant material
has been shown (for description of criteria please see Brand et al., 2011). In all of the four
studies, the pornographic picture presentation led to a comparable increase of sexual arousal
and of the need to masturbate. Although the increase was moderate on group level, high
standard deviations were observed indicating a great variance with respect to these craving
reactions. This is in line with studies addressing sexual arousal which converge to the view
that individuals differ with respect to their sensitivity for sexual excitation by external sexual
stimuli (Bancroft et al., 2009; Janssen et al., 2009). Taken together and against the
background drawn by previous studies, the modification of the experimental paradigm seems
to be appropriate to address the role craving reactions in cybersex addiction.
In the third study, a n-back task (for reviews see Jaeggi et al., 2010; Owen et al., 2005)
modified with neutral, negative, positive, and pornographic pictures was administered to the
participants. In the fourth study, the IGT (Bechara, 2007) was modified with pornographic
and neutral pictures. Both or similar modifications have not been published in working
memory and decision making literature yet. Because of that a direct comparison of the
performance in both tasks to other studies cannot be drawn (for limitations regarding study 3
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please see section 4.5, for limitations regarding study 4 please see section 5.5). With respect
to the other methods applied in the four studies, mostly validated questionnaires were used to
ensure the validity of the measured constructs. Taken together, the applied methods in the
studies are appropriate to measure the intended psychological constructs. Therefore, the
observed effects can be discussed with respect to the underlying theoretical assumptions and
can be integrated into a broader framework regarding addictive behaviors.

6.2 General conclusion
In the first and the second study it has been shown that indicators of reward craving were
associated to and predicted tendencies towards cybersex addiction. Within the general
framework of substance addiction it has been demonstrated by numerous studies that most
notably cue-reactivity and craving are substantial key concepts with respect to their
development and maintenance (for reviews see Everitt & Robbins, 2005; Hyman et al., 2006;
Tiffany & Wray, 2012). On the one hand it has been revealed that the highly positive
reinforcing effects of the drug of choice mediated by processes of classical and operant
conditioning result in cue-reactivity and reward craving. That means, addiction related cues
induce a strong urge to repeatedly consume a drug in the anticipation for their rewarding
effects, because addicted individuals have learned that addiction related use are followed by
this anticipated effects. On the other hand it has been shown that neural changes accompanied
by chronic drug use leads to symptoms of withdrawal. Within this aversive state, withdrawal
relief craving emerges to avoid the aversive physiological and psychological states (for
reviews an craving see Anton, 1999; Drummond, 2001). Against this background of positive
reinforcement’s important role in the development of addictions, it has been hypothesized that
positive reinforcement received by sexual arousal in cybersex might be the relevant key factor
within the development of cybersex addiction (e.g. Young, 2008). This assumption can be
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deduced by two lines of arguments: First, it has been shown that sexual arousal is indeed
strongly associated to reward related brain activity (e.g. Arnow et al., 2002; Holstege et al.,
2003; Paul et al., 2008). Second, it has been observed that sexual arousal can be conditioned
in humans (Hoffmann et al., 2004; Klucken et al., 2009; Lalumiere & Quinsey, 1998). First
empirical evidence for the link of learning based cue-reactivity and cybersex addiction was
given in the study of Brand et al. (2011) and are underlined by the results observed in the first
and the second study. Theoretical assumptions and empirical evidence lead convincingly to
the legitimate assumption that processes of conditioning and cue-reactivity are the key
elements to describe the development of cybersex addiction. Following the principles of
conditioning (e.g. Martin-Soelch et al., 2007), both classical and operant conditioning should
contribute to its development. If individuals receive gratification (i.e. they are reinforced by
cybersex), operant conditioning should lead to an increased probability of repeated cybersex
use. If cybersex is done recurrently, classical conditioning should lead to an association of
sexual arousal with diverse internal and environmental cues. That means that sexual arousal
as an US may be associated to internal (e.g. negative emotions, stress) or external stimuli (e.g.
computer, home environment). In turn, the occurrence of these cues should lead to the
anticipation of sexual arousal after conditioning has led to cue-reactivity. In consequence this
means, if addiction related cues are not followed by the learned reinforcing effects, reward
related craving should emerge, probably leading to repeated cybersex use. Accordingly to the
symptoms reported by cybersex addicted individuals (Kuss & Griffiths, 2011b) this
mechanism explains why cybersex is indulged in repeatedly in the face of growing, but
neglected negative consequences. The proposed mechanism should be particularly relevant
for individuals with a high vulnerability to cybersex addiction, because individuals with
sensitivity for sexual excitation, a generally problematic use of sex as well as with a generally
high severity of psychological-psychiatric symptoms should be more prone for being
reinforced by cybersex. With regard to the sensitivity for sexual excitation, its importance has
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already been outlined for the development of hypersexual behaviors (e.g. Kafka, 2010a). On a
speculative level, receiving stronger reinforcement due to sexual cues might result from a
genetic predisposition. Contributing to this assumption, a candidate gene was identified to be
associated with Internet addiction recently (Montag, Kirsch, Sauer, Markett, & Reuter, 2012).
However, a genetic vulnerability to sexual excitation might explain why some individuals
have greater reward sensitivity for sexual cues. With respect to the neglect of negative
consequences resulting from cybersex use, it seems plausible that these may result from the
conditioned incentive salience of cybersex, since addiction related cues lead to stronger
emotional arousal and greater interference of goal-directed behaviors (Carter & Tiffany, 1999;
Tiffany & Wray, 2012). Taking the theoretical implications of the conducted studies into
account, positive reinforcement due to cybersex seems to be the main factor in the
development and maintenance of cybersex addiction.
In the third and in the fourth study it has been shown that sexual arousal elicited by
pornographic pictures interfered with cognitive processes important for goal-directed
behaviors. Regarding executive functioning previous research outlines the relevance of
abilities to focus attention, to inhibit irrelevant information, to switch between relevant
information, but moreover, to plan, monitor and code information in working memory
(Alvarez & Emory, 2006; Chan et al., 2008; Jurado & Rosselli, 2007; Miyake et al., 2000).
The main result of the third study is that indicators of sexual arousal interfered with working
memory. This is in line with other studies reporting detrimental effects of sexual stimuli on
cognitive processes (Most et al., 2007; Prause et al., 2008; Wright & Adams, 1999). Since
pornographic picture processing is linked to brain structures associated with emotion, arousal,
and attention (e.g. Arnow et al., 2002; Paul et al., 2008; Redouté et al., 2000), it seems
plausible to interpret the observed results against the theoretical background of emotional
attention capturing (e.g. Vuilleumier, 2005). According to this, the pornographic pictures in
the working memory task seem to have captured the participants’ attention resulting in worse
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working memory-performance caused by distraction from task demands. In the fourth study it
has been found that decision making in a modified version of a decision-making task was
worse, if pornographic pictures were associated to disadvantageous decision-making
alternatives. Accordingly, decision making was better, if pornographic pictures where
associated to advantageous decision-making alternatives. The finding that decision making
can be influenced by pornographic stimuli, although they are not related to the decisionmaking task’s rules and feedback contingencies can be explained by the reinforcing nature of
pornographic pictures. It seems plausible that the pornographic pictures bound attention,
which interfered with the processing of the feedback provided by the task following each
decision. As processing this feedback is necessary to learn the task’s contingencies and rules
for winning and losing (e.g., Bechara et al., 1997; Brand et al., 2007), the interference of
pornographic pictures with feedback processing might explain the preference for decisionmaking alternatives linked to pornographic pictures. Against the background of executive
functioning, the interference of pornographic picture processing with working memory and
decision making may partly explain why some individuals keep using cybersex, although they
experience negative consequences during or following engaging in cybersex. Sexual arousal
received during cybersex might lead to a preference for short-term reinforcement, neglecting
potential negative short- or long-term consequences (e.g. leading to forgetting appointments,
missing sleep, disregarding partnership, social life, school, academic or job performance,
etc.). This conclusion gains in importance against the relevance of conditioning, cue-reactivity
and reward craving in the development and maintenance of cybersex addiction. If negative
consequences experienced during or following cybersex use cannot be anticipated or are
disregarded, this should in terms of conditioning (Martin-Soelch et al., 2007) expose the
relevance of positive reinforcement due to cybersex. Most notably, neglecting possible
negative consequences should (particular in highly vulnerable individuals) contribute to
repeated engagement in cybersex, if cue-reactivity has developed and craving (e.g. Anton,
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1999; Drummond, 2001; Tiffany & Wray, 2012) emerges due to addiction related cues or
withdrawal. The findings of the four studies that positive reinforcement due to pornographic
pictures is associated to reward craving responses and interferes with cognitive processes
important for goal-directed behaviors need to be embedded into the underlying theoretical
framework of Internet addictions.
The most influential theoretical model addressing PIU is the cognitive-behavioral
model developed by Davis (2001). As summarized in the Introduction (pp. 16-18) as well as
in the first (p. 41) and second study (pp. 65-66), it explains PIU within a diathesis-stress
framework and assumes that a general, multidimensional overuse of the Internet develops
based upon on a pre-existing psychopathology, maladaptive cognitions as well as by social
aspects for GPIU and by mechanisms of reinforcement gained for SPIU. The Internet is
proposed to offer immediate reinforcement and is said to be used to cope with negative affect
and negative thoughts about one self, but offers only short-term, immediate reinforcement. As
the core mechanism in the development of PIU, maladaptive cognitions are introduced.
Maladaptive cognitions and processes of reinforcement are postulated to lead to recurrent
Internet use and the maintenance and intensification of the affective and behavioral symptoms
of GPIU. For SPIU, a pre-existing psychopathology, maladaptive cognitions, and specific
effects of reinforcement offered by several specific Internet applications are outlined, while
social issues are said not to be relevant for the development of specific pathological Internet
use (Davis, 2001). Although the model conceptually improved our understanding of
pathological Internet use, it misses the opportunity to postulate differential mechanisms of
development and maintenance of generalized and specific PIU with respect to positive and
negative reinforcement. The studies conducted within this thesis give reason to assume that
mainly positive reinforcement serves a as mechanism underlying cybersex sex addiction.
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With respect to cybersex addiction as a SPIU, studies addressing psychological
correlates as well as mechanisms of development and maintenance are rare. One explanation
for this circumstance might be that most of the previous studies addressing Internet addiction
did not assess the Internet use of choice and treated Internet addiction as a unitary construct
neglecting the potential multidimensional nature of Internet addiction (Weinstein & Lejoyeux,
2010; Young et al., 1999). Regarding cybersex addiction, it has been shown that a general
psychological-psychiatric symptom severity and subjective sexual arousal due to
pornographic stimuli are associated to symptom severity of cybersex addiction (Brand et al.,
2011; Kuss & Griffiths, 2011). Neuroimaging studies demonstrate that sexual cues activate
brain structures associated to reward (e.g. Arnow et al., 2002; Paul et al., 2008; Redouté et al.,
2000) and that amygdala activity as a reaction on sexual cues is associated to general sexual
desire (Demos, Heatherton, & Kelley, 2012). The role of a specific for sexual excitation for
the development of sex or cybersex addiction has been pointed out theoretically, but has not
been investigated empirically, so far (Kafka, 2010a).
As mentioned above, the main results of the first and second study conducted within
this thesis are that the severity of cybersex addiction is associated and predicted by indicators
of sexual arousal, craving reactions, and predefining factors of vulnerability. This strengthens
the assumption that processes of conditioning and resulting cue-reactivity are important
processes in the development and maintenance of cybersex addiction. Based upon the
aggregation

of

theoretical

assumptions

and

empirical

findings,

a

pre-existing

psychopathology, sensitivity for sexual excitation as well as a generally problematic use of
sex can be understood as predefining factors for cybersex addiction. Moreover, processes of
classical and operant conditioning should lead to the development and maintenance of
cybersex addiction by associating internal (e.g. emotions, stress) or external (e.g. computer,
home environment, etc.) cues with gratification received by cybersex resulting in cuereactivity, craving reactions, and repeated engagement in cybersex. Based upon the theoretical
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embedding and empirical findings regarding SPIU, a revised model of specific pathological
Internet use is illustrated in Figure 10. The model aims at outlining positive reinforcement as
the main mechanism of development and maintenance for SPIU. On a speculative level, a
revised model of GPIU will be outlined afterwards.

Figure 10
Model of specific pathological Internet use, e.g. cybersex addiction. Individuals predefined by psychopathology
and a specific predisposition (e.g. for sexual excitation) receive strong gratification from cybersex. Positive
reinforcement as learning mechanism is proposed to be the main mechanism of development and maintenance of
cybersex addiction.

Some individuals use the Internet for sexual motivated behaviors and develop an addictive
usage pattern resulting in personal distress, loss of control, symptoms of dependency as well
as the persistent experience of negative consequences (Kuss & Griffiths, 2011b). The
introduced model assumes positive reinforcement as the main mechanism of development and
maintenance of cybersex addiction. The revised model of SPIU postulates that besides a
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psychological-psychiatric pathology, a specific predisposition (e.g. sensitivity for sexual
excitation, using sex problematically in general) is a further factor of vulnerability for the
SPIU of cybersex addiction. Highly vulnerable individuals should be more prone to receive
positive reinforcement due to cybersex. Consequently and against the background that
individuals cannot anticipate or neglect negative consequences of their cybersex use, positive
reinforcement should lead to the development of cue-reactivity maintaining SPIU. Therefore,
positive reinforcement is supposed to be the main mechanism in the development and
maintenance of cybersex addiction.
From the results of the studies conducted within this thesis no conclusions can be
drawn regarding GPIU. On a speculative level, but based upon the conclusions which can be
drawn by other studies, a revised model of GPIU is presented in Figure 11.

Figure 11
Postulated model of generalized pathological Internet use. Individuals predefined by psychopathology, social
isolation and loneliness as well as by dysfunctional personality facets use the Internet as dysfunctional coping
mechanism. Due to being negatively reinforced by the Internet, a generalized pathological Internet use develops.
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Several studies demonstrate that a pre-existing psychopathology (Ko et al., 2012; Whang et
al., 2003; Yang et al., 2005), social isolation and a lack of social support (Caplan, 2005;
Morahan-Martin & Schumacher, 2000) as well as neuroticism, social anxiety, shyness,
tendencies to procrastinate, low self-efficacy, and stress vulnerability (Caplan, 2007; Chak &
Leung, 2004; Ebeling-Witte et al., 2007; Hardie & Tee, 2007; Kim & Davis, 2009; Niemz et
al., 2005; Thatcher et al., 2008; Whang et al., 2003) are associated to symptom severity of
GPIU. It becomes apparent that besides a pre-existing psychopathology differential correlates
regarding personality facets and social support have been identified to be relevant factors in
the development of GPIU. On a speculative level this gives reason to assume that within
GPIU, the Internet is generally functionalized as a dysfunctional coping and emotion
regulation mechanism to avoid aversive states experienced by predefined individuals. The
theoretical embedding of reinforcement leads to the conclusion that negative reinforcement
might be the main mechanism of development and maintenance of GPIU. However, these
assumption needs to be tested empirically.
In conclusion, the four studies conducted contribute significantly to the understanding
of cybersex addiction. While the number of previous studies is very limited and most
assumptions were drawn theoretically, the four studies give insight into the mechanisms of
development and maintenance of cybersex addiction. Most notably, empirical experimental
evidence has been demonstrated supporting the assumptions that mainly positive
reinforcement received by cybersex is associated to both craving reactions as well as to
interference with cognitive processes. Since the formulation of the hypotheses as well as the
experimental designs applied were reasoned upon the findings and experimental methods used
in substance dependence research, the observed effects give further evidence to consider a
cybersex use accompanied by subjective complaints in everyday life, symptoms of
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dependency, and personal distress as an behavioral addiction. Nevertheless, the studies’
limitations have to be mentioned to ensure their range of validity. Moreover, suggestions for
future studies, necessary for a legitimate inclusion of cybersex addiction into the international
classification systems of diseases, will be given (APA, 2000; WHO, 1993).

6.3 General limitations and future studies
The insights of the studies rely on the investigation of freely recruited heterosexual males of
middle age. Therefore, the generalization of the findings is limited to this group and need to
be replicated in samples of interest to draw similar conclusions with respect to other
populations. It has been reported that adolescents (e.g. Brown & L’ Engle, 2008) and adult
females (e.g. Ferree, 2003) use the Internet for sexual purposes, too. But investigating factors
of vulnerability for or mechanisms of development and maintenance of cybersex addiction in
adolescents or adult females might lead to differential different results. As another limitation
of the studies it has to be outlined that the experimental paradigms for inducing sexual arousal
included only self-reported indicators of sexual arousal as well as viewing times. Moreover,
the used pornographic stimuli included only displayed sexual practices excluding attributes
potentially associated to fetishes. Therefore, neither a conclusion about physiological
correlates of cybersex addiction nor about an excessive use of specific pornographic materials
can be drawn. Furthermore, within the investigations of middle-aged heterosexual males,
several aspects have not been analyzed in detail potentially giving further insight into the
characteristics of individuals using cybersex. For example, the influences of partnerships, of
age, or several personality facets have not been addressed.
However, the results of the studies conducted within this thesis imply to investigate
diverse questions to assure the reported findings and to contribute to a broader understanding
of cybersex addiction. First of all, the model of SPIU presented in the general discussion
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needs to be addressed empirically stepwise. Following this rational, the postulated process of
conditioning leading to cue-reactivity could be investigated in a further study with a
predefined sample. For this, modifications of paradigms established in substance dependency
research could be modified, for example conditioning tasks (e.g. Trick, Hogarth, & Duka,
2011). Modifying this kind of task with pornographic pictures as reinforcing cues it would be
possible to investigate the proposed learning mechanism of positive reinforcement.
Secondly, the proposed specific predisposition for cybersex addiction could be
investigated in more detail. The predefining factor of sexual excitation due to sexual cues
might result from a genetic predisposition. Recently, a candidate gene was identified to be
associated with Internet addiction (Montag et al., 2012). Moreover, specific risk-factors for
cybersex addiction could be addressed for different populations of sexual preference. As
outlined by Döring (2009), using the Internet for sexual purposes might have some greater
relevance for sexual subcultures, because they use Internet sex related websites not only to
gain sexual arousal or to gain sexual information, but moreover to make social contacts with
individuals sharing the same sexual preference more often. It was shown that cybersex
addiction also occurs in homosexual males and females (Green et al., 2012; Grov et al., 2008),
the greater linkage of both, the possibility to make social contacts and to gain sexual arousal
by cybersex, could be considered as a specific risk-factor for bi- and homosexual individuals.
Although it was shown that poor or unsatisfying real-life sex was not associated to tendencies
towards cybersex addiction, it needs to be investigated if this is also true for deviant sexual
preferences not being fulfilled in real-life sex at all, for example a preference to
sadomasochism (Reiersøl & Skeid, 2006), fetishism (Kafka, 2010b) or pedophilia (Blanchard
et al., 2009; Seto, 2009). To address this, future studies need to assess the number of sexual
contacts, the satisfaction with their frequency and quality, and moreover, the fantasizing about
the desired but not actually lived sexual preference. Against the background that a fantasy
type of cybersex users has been postulated to be at risk for developing a cybersex addiction
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(Cooper et al., 2004), it seems worth investigating the role of fantasies for cybersex addiction
in general and for specific sexual interests.
Thirdly, although identifying effects in predefined samples gives reason to assume
same effects are relevant and found within patient samples, the observed effects need to be
verified in samples of cybersex addicted individuals. This kind of validation is necessary to
give cybersex addiction the necessary empirical background to understand and classify it as a
distinct mental-health problem, especially for an entry of sex and cybersex addiction into the
international coding systems of diseases (APA, 2000; WHO, 1993). After showing the same
or even stronger effects within a clinical sample of cybersex addicted patients,
neurophysiological correlates of cybersex addiction need to be addressed to draw conclusions
about the similarity to substance addictions. In a neuroimaging study it has been shown that
addicted related cues elicited activations in brain regions associated with emotion, arousal and
craving in excessive gamers of to the online game World of Warcraft (Ko et al., 2009). The
pattern of activation was comparable to those known from substance addiction research (e.g.
Grüsser et al., 2004; Heinz et al., 2009). Finding the same differences in neural activations of
cybersex addicted individuals with respect to brain structures classically linked to addiction
would strongly support a classification of cybersex addiction.
Fourthly, with respect to the interfering effect of sexual arousal on cognitive
processes, it seems worth describing the mechanism of such interferences in more detail. One
could assume that pornographic picture processing and sexual arousal do not only lead to
worse working memory-performance, but might also interfere with monitoring processes. To
address this, voluntary task switch paradigms (e.g. Arrington & Logan, 2004) could be
modified with pornographic pictures. Moreover, since executive functioning is important for
decisions under risk (e.g. Brand et al., 2007), one could assume that sexual arousal leads to
worse decision making under risk as well.
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Moreover, one very important challenge of future studies is to investigate the
relationship between cybersex and sex addiction. The phenomenology of patients ranges from
individuals suffering from sex addiction, cybersex addiction, or both (Delmonico & Miller,
2003; Garcia & Thibaut, 2010; Kafka, 2010a; Levine, 2010). The risk of other addictive
behaviors, which can be carried out offline and online, is discussed for example with respect
to gambling, too (Kairouz, Paradis, & Nadaeu, 2012). The research question remains, if sex
addiction and cybersex addiction can be understood as two dimensions underlying
hypersexuality as proposed by e.g. Kafka (2010a), or if cybersex addiction is a specific
Internet addiction as proposed e.g. by Young (2008).
Finally, a further important challenge for future studies is to develop and review
effective treatment programs for cybersex addiction. It has been shown that cognitivebehavioral therapy is efficient to treat addictions (for review see McHugh, Hearon, & Otto,
2010). Moreover, first evidence has been provided that cognitive-behavioral works well in
Internet addiction, too (Rooij, Zinn, Schoenmakers, & Mheen, 2010). The findings of this
thesis imply that cue-reactivity and craving can be considered as mechanisms of development
and maintenance of cybersex addiction. To prevent reward craving induced relapse (Weiss,
2005), it should be important to support the executive control of cybersex addicted
individuals. Therefore, methods used in cognitive-behavioral therapy (e.g. motivational
interventions, contingency management, and particularly relapse prevention) could be applied
in the treatment of cybersex addiction. However, to prove which therapy is most efficient for
treating cybersex addiction, several clinical trials have to be conducted and compared.

142

7. References

Aa, van der N., Overbeek, G., Engels, R. C. M. E., Scholte, R. H. J., Meerkerk, G.-J., & van
den Eijnden, R. J. J. M. (2009). Daily and compulsive Internet use and well-being in
adolescence: A diathesis-stress model based on big five personality traits. Journal of
Youth and Adolescence, 38, 765–776. doi:10.1007/s10964-008-9298-3
Abdi, H. (2007). Signal detection theory (SDT). In N. J. Salkind (Ed.), Encyclopedia of
Measurment and Statistics. (pp. 886–889). Thousand Oaks, CA: Sage.
Akins, C. K. (2004). The role of pavlovian conditioning in sexual behavior: A comparative
analysis of human and nonhuman animals. International Journal of Comparative
Psychology, 17, 241–262.
Albrecht, U., Kirschner, N. E., & Grüsser, S. M. (2007). Diagnostic instruments for
behavioural addiction: An overview. Psychosocial Medicine, 4, 1–11.
Aldao, A., Nolen-Hoeksema, S., & Schweizer, S. (2010). Emotion-regulation strategies across
psychopathology: A meta-analytic review. Clinical Psychology Review, 30, 217–237.
doi:10.1016/j.cpr.2009.11.004
Allen, T. J., Moeller, F. G., Rhoades, H. M., & Cherek, D. R. (1998). Impulsivity and history
of drug dependence. Drug and Alcohol Dependence, 50, 137–145. doi:10.1016/S03768716(98)00023-4
Alvarez, J. A., & Emory, E. (2006). Executive function and the frontal lobes: A meta-analytic
review. Neuropsychology Review, 16, 17–42. doi:10.1007/s11065-006-9002-x
Anderson, C. A., & Anderson, K. B. (1996). Violent crime rate studies in philosophical
context: A destructive testing approach to heat and southern culture of violence effects.
Journal of Personality and Social Psychology, 70, 537–550.
Anton, R. F. (1999). What is craving? Models and implications for treatment. Alcohol
Research & Health, 23, 165–173.
APA (2000). Diagnostic and statistical manual of mental disorders, fourth edition, text
revision. Washington: American Psychological Association.
Ariely, D., & Loewenstein, G. (2006). The heat of the moment: The effect of sexual arousal
on sexual decision making. Journal of Behavioral Decision Making, 19, 87–98.
doi:10.1002/bdm.501
Armstrong, L., Phillips, J. G., & Saling, L. L. (2000). Potential determinants of heavier
Internet usage. International Journal of Human-Computer Studies, 53, 537–550.
doi:10.1006/ijhc.2000.0400
Arnow, B. A., Desmond, J. E., Banner, L. L., Glover, G. H., Solomon, A., Polan, M. L., …
Atlas, S.W. (2002). Brain activation and sexual arousal in healthy, heterosexual males.
Brain, 125, 1014–1023. doi:10.1093/brain/awf108

143
Arrington, C. M., & Logan, G. D. (2004). The cost of a voluntary task switch. Psychological
Science, 15, 610–615. doi:10.1111/j.0956-7976.2004.00728.x
Baddeley, A. D. (1994). Human memory: Theory and practice. Hove: Erlbaum.
Baddeley, A. D. (2000). The episodic buffer: A new component of working memory? Trends
in Cognitive Sciences, 4, 417–423. doi:10.1016/S1364-6613(00)01538-2
Baddeley, A. D. (2010). Working memory. Current Biology, 20, 136–140.
doi:10.1016/j.cub.2009.12.014
Baddeley, A. D., & Logie, R. H. (1999). Working memory: The multiple-component model.
In P. Miyake, A., Shah (Ed.), Models of working memory: Mechanisms of active
maintanence and executive control (pp. 28–61). New York: Camebridge University
Press.
Ball, T., Derix, J., Wentlandt, J., Wieckhorst, B., Speck, O., Schulze-Bonhage, A., &
Mutschler, I. (2009). Anatomical specificity of functional amygdala imaging of
responses to stimuli with positive and negative emotional valence. Journal of
Neuroscience Methods, 180, 57–70. doi:10.1016/j.jneumeth.2009.02.022
Bancroft, J. (2005). The endocrinology of sexual arousal. Journal of Endocrinology, 186,
411–427. doi:10.1677/joe.1.06233
Bancroft, J., Graham, C. A., Janssen, E., & Sanders, S. A. (2009). The dual control model:
Current status and future directions. Journal of Sex Research, 46, 121–142.
doi:10.1080/00224490902747222
Bancroft, J., & Vukadinovic, Z. (2004). Sexual addiction, sexual compulsivity, sexual
impulsivity, or what? Toward a theoretical model. Journal of Sex Research, 41, 225–234.
doi:10.1080/00224490409552230
Barak, A., Fisher, W. A., Belfry, S., & Lashambe, D. (1999). Sex, guys, and cyberspace:
Effects of Internet pornography and individual differences on men’s attitudes toward
women. Journal of Psychology and Human Sexuality, 11, 63–91.
doi:10.1300/J056v11n01_04
Baron, R. M., & Kenny, D. A. (1986). The moderator-mediator variable distinction in social
psychological research: Conceptual, strategic and statistical considerations. Journal of
Personality and Social Psychology, 51, 1173–1182. doi:10.1037/0022-3514.51.6.1173
Beard, K. W. (2005). Internet addiction: A review of current assessment techniques and
potential assessment questions. CyberPsychology & Behavior, 8, 7–15.
doi:10.1089/cpb.2005.8.7
Bechara, A. (2007). Iowa gambling task professional manual. Lutz, FL: Psychological
Assessment Ressources.
Bechara, A., & Damasio, H. (2002). Decision-making and addiction (part I): Impaired
activation of somatic states in substance dependent individuals when pondering decisions
with negative future consequences. Neuropsychologia, 40, 1675–1689.

144
Bechara, A., Damasio, H., & Damasio, A. R. (2000). Emotion, decision making and the
orbitofrontal cortex. Cerebral Cortex, 10, 295–307. doi:10.1093/cercor/10.3.295
Bechara, A., Damasio, H., & Damasio, A. R. (2003). Role of the amygdala in decisionmaking. Annals of the New York Academy of Sciences, 985, 356–369.
doi:10.1111/j.1749-6632.2003.tb07094.x
Bechara, A., Damasio, H., Damasio, A. R., & Lee, G. P. (1999). Different contributions of the
human amygdala and ventromedial prefrontal cortex to decision-making. Journal of
Neuroscience, 19, 5473–5481.
Bechara, A., Damasio, H., Tranel, D., & Anderson, S. W. (1998). Dissociation of working
memory from decision making within the human prefrontal cortex. Journal of
Neuroscience, 18, 428–437.
Bechara, A., Damasio, H., Tranel, D., & Damasio, A. R. (1997). Deciding advantageously
before knowing the advantageous strategy. Science, 275, 1293–1295.
doi:10.1126/science.275.5304.1293
Bechara, A., Damasio, R., Damasio, H., & Anderson, S. W. (1994). Insensitivity to future
consequences following damage to human prefrontal cortex. Cognition, 50, 7–15.
doi:10.1016/0010-0277(94)90018-3
Bechara, A., Dolan, S., & Hindes, A. (2002). Decision-making and addiction (part II):
Myopia for the future or hypersensitivity to reward? Neuropsychologia, 40, 1690–1705.
Bechara, A., & Martin, E. M. (2004). Impaired decision making related to working memory
deficits in individuals with substance addictions. Neuropsychology, 18, 152–162.
doi:10.1037/0894-4105.18.1.152
Bechara, A., Tranel, D., & Damasio, H. (2000). Characterization of the decision-making
deficit of patients with ventromedial prefrontal cortex lesions. Brain, 123, 2189–2202.
doi:10.1093/brain/123.11.2189
Bernardi, S., & Pallanti, S. (2009). Internet addiction: A descriptive clinical study focusing on
comorbidities and dissociative symptoms. Comprehensive Psychiatry, 50, 510–516.
doi:10.1016/j.comppsych.2008.11.011
Berridge, K. C., Robinson, T. E., & Aldridge, J. W. (2009). Dissecting components of reward:
“Liking”, “wanting”, and learning. Current Opinion in Pharmacology, 9, 65–73.
doi:10.1016/j.coph.2008.12.014
Billieux, J. (2012). Problematic use of the Internet and self-regulation: A review of the initial
studies. Open Addiction Journal, 5, 24–29. doi:10.2174/1874941001205010024
Blanchard, R., Lykins, A. D., Wherrett, D., Kuban, M. E., Cantor, J. M., Blak, T., … Klassen,
P. E. (2009). Pedophilia, hebephilia, and the DSM-V. Archives of Sexual Behavior, 38,
335–350. doi:10.1007/s10508-008-9399-9
Block, J. J. (2008). Issues for DSM-V: Internet addiction. American Journal of Psychiatry,
165, 306–307. doi:10.1176/appi.ajp.2007.07101556

145
Bolla, K. I., Eldreth, D. A., London, E. D., Kiehl, K. A., Mouratidis, M., Contoreggi, C., …
Ernst, M. (2003). Orbitofrontal cortex dysfunction in abstinent cocaine abusers
performing a decision-making task. NeuroImage, 19, 1085–1094. doi:10.1016/S10538119(03)00113-7
Bos, van den R., Harteveld, M., & Stoop, H. (2009). Stress and decision-making in humans:
Performance is related to cortisol reactivity, albeit differently in men and women.
Psychoneuroendocrinology, 34, 1449–1458. doi:10.1016/j.psyneuen.2009.04.016
Boulet, J., & Boss, M. W. (1991). Reliability and validity of the Brief Symptom Inventory.
Psychological Assessment: A Journal of Consulting and Clinical Psychology, 3, 433–
437. doi:10.1037/1040-3590.3.3.433
Bowman, C. H., & Turnbull, O. H. (2003). Real versus facsimile reinforcers on the Iowa
Gambling Task. Brain and Cognition, 53, 207–210. doi:10.1016/S0278-2626(03)001118
Bradley, M. M., Cuthbert, B. N., & Lang, P. J. (1996). Picture media and emotion: Effects of
a sustained affective context. Psychophysiology, 33, 662–670.
Brand, M. (2008). Does the feedback from previous trials influence current decisions? A
study on the role of feedback processing in making decisions under explicit risk
conditions. Journal of Neuropsychology, 2, 431–443. doi:10.1348/174866407X220607
Brand, M., & Altstötter-Gleich, C. (2008). Personality and decision-making in laboratory
gambling tasks – Evidence for a relationship between deciding advantageously under
risk conditions and perfectionism. Personality and Individual Differences, 45, 226–231.
doi:10.1016/j.paid.2008.04.003
Brand, M., Fujiwara, E., Borsutzky, S., Kalbe, E., Kessler, J., & Markowitsch, H. J. (2005).
Decision-making deficits of Korsakoff patients in a new gambling task with explicit
rules: Associations with executive functions. Neuropsychology, 19, 267–277.
doi:10.1037/0894-4105.19.3.267
Brand, M., Heinze, K., Labudda, K., & Markowitsch, H. J. (2008). The role of strategies in
deciding advantageously in ambiguous and risky situations. Cognitive Processing, 9,
159–173. doi:10.1007/s10339-008-0204-4
Brand, M., Kalbe, E., Labudda, K., Fujiwara, E., Kessler, J., & Markowitsch, H. J. (2005).
Decision-making impairments in patients with pathological gambling. Psychiatry
Research, 133, 91–99. doi:10.1016/j.psychres.2004.10.003
Brand, M., Labudda, K., & Markowitsch, H. J. (2006). Neuropsychological correlates of
decision-making in ambiguous and risky situations. Neural Networks, 19, 1266–1276.
doi:10.1016/j.neunet.2006.03.001
Brand, M., Laier, C., Pawlikowski, M., & Markowitsch, H. J. (2009). Decision making with
and without feedback: The role of intelligence, strategies, executive functions, and
cognitive styles. Journal of Clinical and Experimental Neuropsychology, 31, 984–998.
doi:10.1080/13803390902776860

146
Brand, M., Laier, C., Pawlikowski, M., Schächtle, U., Schöler, T., & Altstötter-Gleich, C.
(2011). Watching pornographic pictures on the Internet: Role of sexual arousal ratings
and psychological-psychiatric symptoms for using Internet sex sites excessively.
CyberPsychology, Behavior and Social Networking, 14, 371–377.
doi:10.1089/cyber.2010.0222
Brand, M., Pawlikowski, M., Labudda, K., Laier, C., von Rothkirch, N., & Markowitsch, H. J.
(2009). Do amnesic patients with Korsakoff’s syndrome use feedback when making
decisions under risky conditions? An experimental investigation with the Game of Dice
Task with and without feedback. Brain and Cognition, 69, 279–290.
doi:10.1016/j.bandc.2008.08.003
Brand, M., Recknor, E. C., Grabenhorst, F., & Bechara, A. (2007). Decisions under ambiguity
and decisions under risk: Correlations with executive functions and comparisons of two
different gambling tasks with implicit and explicit rules. Journal of Clinical and
Experimental Neuropsychology, 29, 86–99. doi:10.1080/13803390500507196
Brand, M., Roth-Bauer, M., Driessen, M., & Markowitsch, H. J. (2008). Executive functions
and risky decision-making in patients with opiate dependence. Drug and Alcohol
Dependence, 97, 64–72. doi:10.1016/j.drugalcdep.2008.03.017
Braus, D., Wrase, J., Grüsser, S., Hermann, D., Ruf, M., Flor, H., … Heinz, A. (2001).
Alcohol-associated stimuli activate the ventral striatum in abstinent alcoholics. Journal
of Neural Transmission, 108, 887–894. doi:10.1007/s007020170038
Brown, J. D., & L’Engle, K. L. (2008). X-rated: Sexual attitudes and behaviors associated
with U.S. early adolescents’ exposure to sexually explicit media. Journal of Geriatric
Psychiatry and Neurology, 36, 129–151. doi:10.1177/0093650208326465
Buelow, M. T., & Suhr, J. A. (2009). Construct validity of the Iowa Gambling Task.
Neuropsychology Review, 19, 102–114. doi:10.1007/s11065-009-9083-4
Byun, S., Ruffini, C., Mills, J. E., Douglas, A. C., Niang, M., Stepchenkova, S., … Blanton,
M. (2009). Internet addiction: Metasynthesis of 1996-2006 quantitative research.
CyberPsychology & Behavior, 12, 203–207. doi:10.1089/cpb.2008.0102
Cabeza, R., & Nyberg, L. (2000). Imaging cognition II: An empirical review of 275 PET and
fMRI studies. Journal of Cognitive Neuroscience, 12, 1–47.
doi:10.1162/08989290051137585
Callicott, J. H., Mattay, V. S., Bertolino, A., Finn, K., Coppola, R., Frank, J. A., …
Weinberger, D. R. (1999). Physiological characteristics of capacity constraints in
working memory as revealed by functional MRI. Cerebral Cortex, 9, 20–26.
doi:10.1093/cercor/9.1.20
Caplan, S. E. (2002). Problematic Internet use and psychosocial well-being: Development of a
theory-based cognitive-behavioral measurement instrument. Computers in Human
Behavior, 18, 553–575. doi:10.1016/S0747-5632(02)00004-3
Caplan, S. E. (2005). A social skill account of problematic Internet use. Journal of
Communication, 55, 721–736. doi:10.1093/joc/55.4.721

147
Caplan, S. E. (2007). Relations among loneliness, social anxiety, and problematic Internet
use. CyberPsychology & Behavior, 10, 234–242. doi:10.1089/cpb.2006.9963
Carnes, P., Green, B., & Carnes, S. (2010). The same yet different: Refocusing the Sexual
Addiction Screening Test (SAST) to reflect orientation and gender. Sexual Addiction &
Compulsivity, 7, 7–30. doi:10.1080/10720161003604087
Carpenter, D. L., Janssen, E., Graham, C. A., Vorst, H., & Wicherts, J. (2010). The sexual
inhibition/sexual excitation scales-short form SIS/SES-SF. In T. D. Fisher, C. M. Davis,
W. L. Yarber, & S. L. Davis (Eds.), Handbook of Sexuality-Related Measures. (pp. 236–
239). Abingdon, GB: Routledge.
Carpenter, P. A., Just, M. A., & Reichle, E. D. (2000). Working memory and executive
function: Evidence from neuroimaging. Current Opinion in Neurobiology, 10, 195–199.
doi:10.1016/S0959-4388(00)00074-X
Carter, B. L., & Tiffany, S. T. (1999). Meta-analysis of cue-reactivity in addiction research.
Addiction, 94, 327–340. doi:10.1046/j.1360-0443.1999.9433273.x
Chak, K., & Leung, L. (2004). Shyness and locus of control as predictors of Internet addiction
and Internet use. CyberPsychology & Behavior, 7, 559–570.
Chan, R. C. K., Shum, D., Toulopoulou, T., & Chen, E. Y. H. (2008). Assessment of
executive functions: Review of instruments and identification of critical issues. Archives
of Clinical Neuropsychology, 23, 201–216. doi:10.1016/j.acn.2007.08.010
Chang, M. K., & Law, S. P. M. (2008). Factor structure for Young’s Internet Addiction Test:
A confirmatory study. Computers in Human Behavior, 24, 2597–2619.
doi:10.1016/j.chb.2008.03.001
Chein, J., Ravizza, S. M., & Fiez, J. A. (2003). Using neuroimaging to evaluate models of
working memory and their implications for language processing. Journal of
Neurolinguistics, 16, 315–339. doi:10.1016/S0911-6044(03)00021-6
Chiang, S. S. W., Schuetz, C. G., & Soyka, M. (2002). Effects of irritability on craving before
and after cue exposure in abstinent alcoholic inpatients: Experimental data on subjective
response and heart rate. Neuropsychobiology, 46, 150–160. doi:10.1159/000066392
Chivers, M. L., Rieger, G., Latty, E., & Bailey, J. M. (2004). A sex difference in the
specificity of sexual arousal. Psychological Science, 15, 736–744. doi:10.1111/j.09567976.2004.00750.x
Chou, C., Condron, L., & Belland, J. C. (2005). A review of the research on Internet
addiction. Educational Psychology Review, 17, 363–388. doi:10.1007/s10648-005-81381
Cohen, J. (1992). A power primer. Psychological Bulletin, 112, 155–159.
doi:10.3389/fpsyg.2010.00029

148
Cohen, J., Cohen, P., West, S. G., & Aiken, L. S. (2003). Applied multiple
regression/correlation analysis for the behavioral science. Mahwah, NJ: Lawrence
Erlbaum Associates.
Cokely, E. T., & Kelley, C. M. (2009). Cognitive abilities and superior decision making under
risk: A protocol analysis and process model evaluation. Judgment and Decision Making,
4, 20–33. doi:10.1016/j.jbankfin.2009.04.001
Collette, F., van der Linden, M., Laureys, S., Delfiore, G., Degueldre, C., Luxen, A., &
Salmon, E. (2005). Exploring the unity and diversity of the neural substrates of executive
functioning. Human Brain Mapping, 25, 409–423. doi:10.1002/hbm.20118
Compton, W. M., Thomas, Y. F., Stinson, F. S., & Grant, B. F. (2007). Prevalence, correlates,
disability, and comorbidity of DSM-IV drug abuse and dependence in the United States.
Archives of General Psychiatry, 64, 566–576. doi:10.1001/archpsyc.64.5.566
Conway, A. R. A., Kane, M. J., Bunting, M. F., Hambrick, D., Wilhelm, O., & Engle, R. W.
(2005). Working memory span tasks: A methodological review and user’s guide.
Psychonomic Bulletin & Review, 12, 769–786. doi:10.3758/BF03196772
Conway, K. P., Swendsen, J. D., Rounsaville, B. J., & Ries, K. (2002). Personality, drug of
choice, and comorbid psychopathology among substance abusers. Drug and Alcohol
Dependence, 65, 225–234. doi:10.1016/S0376-8716(01)00168-5,
Cools, R., Gibbs, S. E., Miyakawa, A., Jagust, W., & D’Esposito, M. (2008). Working
memory capacity predicts dopamine synthesis capacity in the human striatum. Journal of
Neuroscience, 28, 1208–1212. doi:10.1523/JNEUROSCI.4475-07.2008
Cooper, A. (1998). Sexuality and the Internet: Surfing into the new millennium.
CyberPsychology & Behavior, 1, 187–193. doi:10.1089/cpb.1998.1.187
Cooper, A., Delmonico, D., Griffin-Shelley, E., & Mathy, R. (2004). Online sexual activity:
An examination of potentially problematic behaviors. Sexual Addiction & Compulsivity,
11, 129–143. doi:10.1080/10720160490882642
Cooper, A., McLoughlin, I. P., & Campbell, K. M. (2000). Sexuality in cyberspace: Update
for the 21st century. CyberPsychology & Behavior, 3, 521–536.
doi:10.1089/109493100420142
Cooper, A., Scherer, C. R., Boies, S. C., & Gordon, B. L. (1999). Sexuality on the Internet:
From sexual exploration to pathological expression. Professional Psychology: Research
and Practice, 30, 154–164. doi:10.1037/0735-7028.30.2.154
Cowan, N. (2010). The magical mystery four: How is working memory capacity limited, and
why? Current Directions in Psychological Science, 19, 51–57.
doi:10.1177/0963721409359277
Crockford, D. N., Goodyear, B., Edwards, J., Quickfall, J., & El-Guebaly, N. (2005). Cueinduced brain activity in pathological gamblers. Biological Psychiatry, 58, 787–795.
doi:10.1016/j.biopsych.2005.04.037

149
Damasio, A. (1996). The somatic marker hypothesis and the possible functions of the
prefrontal cortex. Philosophical Transactions of the Royal Society of London Series B,
351, 1413–1420. doi:10.1098/rstb.1996.0125
Daneback, K., Cooper, A., & Månsson, S.-A. (2005). An Internet study of cybersex
participants. Archives of Sexual Behavior, 34, 321–328. doi:10.1007/s10508-005-3120-z
Daneback, K., Ross, M. W., & Månsson, S.-A. (2006). Characteristics and behaviors of
sexual compulsives who use the Internet for sexual purposes. Sexual Addiction &
Compulsivity, 13, 53–67. doi:10.1080/10720160500529276
Davis, M., & Whalen, P. J. (2001). The amygdala: Vigilance and emotion. Molecular
Psychiatry, 6, 13–34. doi:10.1038/sj.mp.4000812
Davis, R. (2001). A cognitive-behavioral model of pathological Internet use. Computers in
Human Behavior, 17, 187–195. doi:10.1016/S0747-5632(00)00041-8
Davis, R. A., Flett, G. L., & Besser, A. (2002). Validation of a new scale for measuring
problematic Internet use: Implications for pre-employment screening. CyberPsychology
& Behavior, 5, 331–345. doi:10.1089/109493102760275581
Day, J. J., & Carelli, R. M. (2007). The nucleus accumbens and pavlovian reward learning.
Neuroscientist, 13, 148–159. doi:10.1177/1073858406295854
De Bellis, M. D. (2002). Developmental traumatology: A contributory mechanism for alcohol
and substance use disorders. Psychoneuroendocrinology, 27, 155–170.
doi:10.1016/S0306-4530(01)00042-7
De Berardis, D., D’Albenzino, A., Gambi, F., Sepede, G., Valchera, A., Conti, C. M., …
Ferro, F, M. (2009). Alexithymia and its relationships with dissociative experiences and
Internet addiction in a nonclinical sample. CyberPsychology & Behavior, 12, 67–69.
doi:10.1089/cpb.2008.0108
De Houwer, J., Thomas, S., & Baeyens, F. (2001). Associative learning of likes and dislikes:
A review of 25 years of research on human evaluative conditioning. Psychological
Bulletin, 127, 853–869. doi:10.1037/0033-2909.127.6.853
Dell’Osso, B., Altamura, A. C., Allen, A., Marazziti, D., & Hollander, E. (2006).
Epidemiologic and clinical updates on impulse control disorders: A critical review.
European Archives of Psychiatry and Clinical Neuroscience, 256, 464–475.
doi:10.1007/s00406-006-0668-0
Delmonico, D., & Miller, J. (2003). The Internet Sex Screening Test: A comparison of sexual
compulsives versus non-sexual compulsives. Sexual and Relationship Therapy, 18, 261–
276. doi:10.1080/1468199031000153900
Demos, K. E., Heatherton, T. F., & Kelley, W. M. (2012). Individual differences in nucleus
accumbens activity to food and sexual images predict weight gain and sexual behavior.
Journal of Neuroscience, 32, 5549–5552. doi:10.1523/JNEUROSCI.5958-11.2012

150
Denburg, N., Cole, C., Hernandez, M., Yamada, T., Tranel, D., Bechara, A., & Wallace, R.
(2007). The orbitofrontal cortex, real world decision making, and normal aging. Annals
of the New York Academy of Sciences, 1121, 480–498. doi:10.1196/annals.1401.031
Dolan, R. J. (2002). Emotion, cognition, and behavior. Science, 298, 1191–1194.
doi:10.1126/science.1076358
Dolcos, F., LaBar, K. S., & Cabeza, R. (2004). Dissociable effects of arousal and valence on
prefrontal activity indexing emotional evaluation and subsequent memory: An eventrelated fMRI study. NeuroImage, 23, 64–74. doi:10.1016/j.neuroimage.2004.05.015
Dolcos, F., & McCarthy, G. (2006). Brain systems mediating cognitive interference by
emotional distraction. Journal of Neuroscience, 26, 2072–2079.
doi:10.1523/JNEUROSCI.5042-05.2006
Dong, G., Huang, J., & Du, X. (2011). Enhanced reward sensitivity and decreased loss
sensitivity in Internet addicts: An fMRI study during a guessing task. Journal of
Psychiatric Research, 45, 1525–1529. doi:10.1016/j.jpsychires.2011.06.017
Drummond, D. C. (2001). Theories of drug craving, ancient and modern. Addiction, 96, 33–
46. doi:10.1080/09652140020016941
Dunn, B. D., Dalgleish, T., & Lawrence, A. D. (2006). The somatic marker hypothesis: A
critical evaluation. Neuroscience and Biobehavioral Reviews, 30, 239–271.
doi:10.1016/j.neubiorev.2005.07.001
Döring, N. M. (2009). The Internet’s impact on sexuality: A critical review of 15 years of
research. Computers in Human Behavior, 25, 1089–1101. doi:10.1016/j.chb.2009.04.003
D’Esposito, M. (2007). From cognitive to neural models of working memory. Philosophical
Transactions of the Royal Society of London Series B, 362, 761–772.
doi:10.1098/rstb.2007.2086
D’Esposito, M., Postle, B. R., & Rypma, B. (2000). Prefrontal cortical contributions to
working memory: Evidence from event-related fMRI studies. Experimental Brain
Research, 133, 3–11. doi:10.1007/s002210000395
Ebeling-Witte, S., Frank, M. L., & Lester, D. (2007). Shyness, Internet use, and personality.
CyberPsychology & Behavior, 10, 713–716. doi:10.1089/cpb.2007.9964
Engle, R. W. (2002). Working memory capacity as executive attention. Current Directions in
Psychological Science, 11, 19–23. doi:10.1111/1467-8721.00160
Erk, S., Kleczar, A., & Walter, H. (2007). Valence-specific regulation effects in a working
memory task with emotional context. NeuroImage, 37, 623–632.
doi:10.1016/j.neuroimage.2007.05.006
Errico, A. L., King, A. C., Lovallo, W. R., & Parsons, O. A. (2002). Cortisol dysregulation
and cognitive impairment in abstinent male alcoholics. Alcoholism, Clinical and
Experimental Research, 26, 1198–1204. doi:10.1097/01.ALC.0000025885.23192.FF

151
Everitt, B. J., Belin, D., Economidou, D., Pelloux, Y., Dalley, J. W., & Robbins, T. W.
(2008). Neural mechanisms underlying the vulnerability to develop compulsive drugseeking habits and addiction. Philosophical Transactions of the Royal Society of London
Series B, 363, 3125–3135. doi:10.1098/rstb.2008.0089
Everitt, B. J., & Robbins, T. W. (2005). Neural systems of reinforcement for drug addiction:
From actions to habits to compulsion. Nature Neuroscience, 8, 1481–1489.
doi:10.1038/nn1579
Ferree, M. (2003). Women and the web: Cybersex activity and implications. Sexual and
Relationship Therapy, 18, 385–393. doi:10.1080/1468199031000153973
Field, M., & Cox, W. M. (2008). Attentional bias in addictive behaviors: A review of its
development, causes, and consequences. Drug and Alcohol Dependence, 97, 1–20.
doi:10.1016/j.drugalcdep.2008.03.030
Field, M., Hogarth, L., Bleasdale, D., Wright, P., Fernie, G., & Christiansen, P. (2011).
Alcohol expectancy moderates attentional bias for alcohol cues in light drinkers.
Addiction, 106, 1097–1103. doi:10.1111/j.1360-0443.2011.03412.x
Field, M., Munafò, M. R., & Franken, I. H. A. (2009). A meta-analytic investigation of the
relationship between attentional bias and subjective craving in substance abuse.
Psychological Bulletin, 135, 589–607. doi:10.1037/a0015843.A
Fields, H. L., Hjelmstad, G. O., Margolis, E. B., & Nicola, S. M. (2007). Ventral tegmental
area neurons in learned appetitive behavior and positive reinforcement. Annual Review of
Neuroscience, 30, 289–316. doi:10.1146/annurev.neuro.30.051606.094341
Forbush, K. T., Shaw, M., Graeber, M. A., Hovick, L., Meyer, V. J., Moser, D. J., … Black,
D. W. (2008). Neuropsychological characteristics and personality traits in pathological
gambling. CNS Spectrums, 13, 306–315. doi:10.1016/j.neubiorev.2009.07.007
Fuentes, D., Tavares, H., Artes, R., & Gorenstein, C. (2006). Self-reported and
neuropsychological measures of impulsivity in pathological gambling. Journal of the
International Neuropsychological Society, 12, 907–912.
doi:10.1017/S1355617706061091
Garavan, H., Pankiewicz, J., & Bloom, A. (2000). Cue-induced cocaine craving:
Neuroanatomical specificity for drug users and drug stimuli. American Journal of
Psychiatry, 157, 1789–1798. doi:10.1176/appi.ajp.157.11.1789
Garcia, F. D., & Thibaut, F. (2010). Sexual addictions. American Journal of Drug and
Alcohol Abuse, 36, 254–260. doi:10.3109/00952990.2010.503823
Georgiadis, J. R., & Kringelbach, M. L. (2012). The human sexual response cycle: Brain
imaging evidence linking sex to other pleasures. Progress in Neurobiology, 98, 49–81.
doi:10.1016/j.pneurobio.2012.05.004
Gladwin, T., & Wiers, R. W. (2012). How do alcohol cues affect working memory? Persistent
slowing due to alcohol-related distracters in an alcohol version of the Sternberg task.
Addiction Research & Theory, 20, 284–290. doi: 10.3109/16066359.2011.614977

152
Goldstein, R. Z., Tomasi, D., Alia-Klein, N., Honorio Carrillo, J., Maloney, T., Woicik, P. A.,
Wang, R., et al. (2009). Dopaminergic response to drug words in cocaine addiction.
Journal of Neuroscience, 29, 6001–6006. doi:10.1523/JNEUROSCI.4247-08.2009
Goldstein, R. Z., & Volkow, N. D. (2002). Drug addiction and its underlying neurobiological
basis: Neuroimaging evidence for the involvement of the frontal cortex. American
Journal of Psychiatry, 159, 1642–1652. doi:10.1176/appi.ajp.159.10.1642
Goldstein, R. Z., & Volkow, N. D. (2011). Dysfunction of the prefrontal cortex in addiction:
Neuroimaging findings and clinical implications. Nature Reviews Neuroscience, 12,
652–669. doi:10.1038/nrn3119
Gomez, P., Ratcliff, R., & Perea, M. (2007). A model of the go/no-go task. Journal of
Experimental Psychology: General, 136, 389–413. doi:10.1037/0096-3445.136.3.389
Goodson, P., McCormick, D., & Evans, A. (2001). Searching for sexually explicit materials
on the Internet: An exploratory study of college students’ behavior and attitudes.
Archives of Sexual Behavior, 30, 101–118. doi:10.1023/A:1002724116437
Gotoh, F. (2008). Influence of affective valence on working memory processes. International
Journal of Psychology, 43, 59–71. doi:10.1080/00207590701318306
Goudriaan, A. E., Oosterlaan, J., de Beurs, E. D., & van den Brink, W. (2005). Decision
making in pathological gambling: A comparison between pathological gamblers, alcohol
dependents, persons with Tourette syndrome, and normal controls. Cognitive Brain
Research, 23, 137–151. doi:10.1016/j.cogbrainres.2005.01.017
Goudriaan, A. E., de Ruiter, M. B., van den Brink, W., Oosterlaan, J., & Veltman, D. J.
(2010). Brain activation patterns associated with cue reactivity and craving in abstinent
problem gamblers, heavy smokers and healthy controls: an fMRI study. Addiction
Biology, 15, 491–503. doi:10.1111/j.1369-1600.2010.00242.x
Grant, J. E., Brewer, J. A., & Potenza, M. N. (2006). The neurobiology of substance and
behavioral addictions. CNS Spectrums, 11, 924–930.
doi:10.3109/00952990.2010.491884
Gray, K. M., LaRowe, S. D., & Upadhyaya, H. P. (2008). Cue reactivity in young marijuana
smokers: A preliminary investigation. Psychology of Addictive Behaviors, 22, 582–586.
doi:10.1037/a0012985
Green, B. A., Carnes, S., Carnes, P. J., & Weinman, E. A. (2012). Cybersex addiction patterns
in a clinical sample of homosexual, heterosexual, and bisexual men and women. Sexual
Addiction & Compulsivity, 19, 77–98. doi:10.1080/10720162.2012.658343
Griffiths, M. (2000a). Excessive Internet use: Implications for sexual behavior.
CyberPsychology & Behavior, 3, 537–552. doi:10.1080/00224490109552104
Griffiths, M. (2000b). Does Internet and computer “addiction” exist? Some case study
evidence. CyberPsychology & Behavior, 3, 211–218. doi:10.1089/109493100316067

153
Griffiths, M. (2001). Sex on the Internet: Observations and implications for Internet sex
addiction. Journal of Sex Research, 38, 333–342. doi:10.1080/00224490109552104
Grov, C., Bamonte, A., Fuentes, A., Parsons, J. T., Bimbi, D. S., & Morgenstern, J. (2008).
Exploring the Internet’s role in sexual compulsivity and out of control sexual
thoughts/behaviour: A qualitative study of gay and bisexual men in New York City.
Culture, Health & Sexuality, 10, 107–125. doi:10.1080/13691050701564678
Grov, C., Gillespie, B. J., Royce, T., & Lever, J. (2011). Perceived consequences of casual
online sexual activities on heterosexual relationships: A U.S. online survey. Archives of
Sexual Behavior, 40, 429–439. doi:10.1007/s10508-010-9598-z
Grüsser, S. M., Heinz, A., & Flor, H. (2000). Standardized stimuli to assess drug craving and
drug memory in addicts. Journal of Neural Transmission, 107, 715–720.
doi:10.1007/s007020070072
Grüsser, S. M., Wrase, J., Klein, S., Hermann, D., Smolka, M. N., Ruf, M., … Heinz, A.
(2004). Cue-induced activation of the striatum and medial prefrontal cortex is associated
with subsequent relapse in abstinent alcoholics. Psychopharmacology, 175, 296–302.
doi:10.1007/s00213-004-1828-4
Ha, J. H., Kim, S. Y., Bae, S. C., Bae, S., Kim, H., Sim, M., … Cho, S. C. (2007). Depression
and Internet addiction in adolescents. Psychopathology, 40, 424–430.
doi:10.1159/000107426
Hald, G. M., & Malamuth, N. M. (2008). Self-perceived effects of pornography consumption.
Archives of Sexual Behavior, 37, 614–625. doi:10.1007/s10508-007-9212-1
Hamann, S. (2001). Cognitive and neural mechanisms of emotional memory. Trends in
Cognitive Sciences, 5, 394–400. doi:10.1016/S1364-6613(00)01707-1
Hardie, E., & Tee, M. Y. (2007). Excessive Internet use: The role of personality, loneliness
and social support networks in Internet addiction. Australian Journal of Emerging
Technologies and Society, 5, 34–47.
Hasin, D., Stinson, F., & Ogburn, E. (2007). Prevalence, correlates, disability, and
comorbidity of DSM-IV alcohol abuse and dependence in the United States. Archives of
General Psychiatry, 64, 830–842. doi:10.1001/archpsyc.64.7.830
Hautzel, H., Mottaghy, F. M., Schmidt, D., & Zemb, M. (2002). Topographic segregation and
convergence of verbal, object, shape and spatial working memory in humans.
Neuroscience, 323, 156–160. doi:10.1016/S0304-3940(02)00125-8
Hautzel, H., Mottaghy, F. M., Specht, K., Müller, H.-W., & Krause, B. J. (2009). Evidence of
a modality-dependent role of the cerebellum in working memory? An fMRI study
comparing verbal and abstract n-back tasks. NeuroImage, 47, 2073–2082.
doi:10.1016/j.neuroimage.2009.06.005
Heaton, R. K., Chelune, G. J., Talley, J. L., Kray, G. G., & Curtis, G. (1993). Wisconsin card
sorting test manual: Revised and expanded. Odessa, FL: Psychological Assessment
Resources.

154
Heinz, A., Beck, A., Grüsser, S. M., Grace, A. A., & Wrase, J. (2009). Identifying the neural
circuitry of alcohol craving and relapse vulnerability. Addiction Biology, 14, 108–118.
doi:10.1111/j.1369-1600.2008.00136.x
Heinz, A., Löber, S., Georgi, A., Wrase, J., Hermann, D., Rey, E.-R., Wellek, S., et al. (2003).
Reward craving and withdrawal relief craving: Assessment of different motivational
pathways to alcohol intake. Alcohol & Alcoholism, 38, 35–39. doi:10.1093/alcalc/agg005
Hinson, J. M., Jameson, T. L., & Whitney, P. (2002). Somatic markers, working memory, and
decision making. Cognitive, Affective, & Behavioral Neuroscience, 2, 341–353.
Hoffmann, H., Janssen, E., & Turner, S. L. (2004). Classical conditioning of sexual arousal in
women and men: Effects of varying awareness and biological relevance of the
conditioned stimulus. Archives of Sexual Behavior, 33, 43–53.
doi:10.1023/B:ASEB.0000007461.59019.d3
Hofmann, W., De Houwer, J., Perugini, M., Baeyens, F., & Crombez, G. (2010). Evaluative
conditioning in humans: A meta-analysis. Psychological Bulletin, 136, 390–421.
doi:10.1037/a0018916
Holden, C. (2010). Behavioral addictions debut in proposed DSM-V. Science, 327, 935.
doi:10.1126/science.327.5968.935
Holst, van R. J., van den Brink, W., Veltman, D. J., & Goudriaan, A. E. (2010). Why
gamblers fail to win: A review of cognitive and neuroimaging findings in pathological
gambling. Neuroscience and Biobehavioral Reviews, 34, 87–107.
doi:10.1016/j.neubiorev.2009.07.007
Holstege, G., Georgiadis, J. R., Paans, A. M. J., Meiners, L. C., van der Graaf, F. H. C. E., &
Reinders, A. A. T. S. (2003). Brain activation during human male ejaculation. Journal of
Neuroscience, 23, 9185–9193. doi:10.1097/WNR.0b013e3280b10bfe
Hommer, D. W. (1999). Functional imaging of craving. Alcohol Research & Health, 23, 187–
196.
Hu, L.-T., & Bentler, P. M. (1999). Cutoff criteria for fit indices in covariance structure
analysis: Conventional criteria versus new alternatives. Structural Equation Modeling, 6,
1–55. doi:10.1080/10705519909540118
Hu, S.-H., Wei, N., Wang, Q.-D., Yan, L.-Q., Wei, E.-Q., Zhang, M.-M., ... Xu, Y. (2008).
Patterns of brain activation during visually evoked sexual arousal differ between
homosexual and heterosexual men. American Journal of Neuroradiology, 29, 1890–
1896. doi:10.3174/ajnr.A1260
Hyman, S. E., Malenka, R. C., & Nestler, E. J. (2006). Neural mechanisms of addiction: The
role of reward-related learning and memory. Annual Review of Neuroscience, 29, 565–
598. doi:10.1146/annurev.neuro.29.051605.113009
IBM (2011). IBM SPSS statistics for Windows, version 20.0. Armonk, NY: IBM Corp.

155
Imhoff, R., Schmidt, A. F., Nordsiek, U., Luzar, C., Young, A. W., & Banse, R. (2010).
Viewing time effects revisited: Prolonged response latencies for sexually attractive
targets under restricted task conditions. Archives of Sexual Behavior, 39, 1275–1288.
doi:10.1007/s10508-009-9595-2
Indlekofer, F., Piechatzek, M., Daamen, M., Glasmacher, C., Lieb, R., Pfister, H., … Schütz,
C. G. (2009). Reduced memory and attention performance in a population-based sample
of young adults with a moderate lifetime use of cannabis, ecstasy and alcohol. Journal of
Psychopharmacology, 23, 495–509. doi:10.1177/0269881108091076
Ingram, R. E., & Luxton, D. D. (2005). Vulnerability-stress models. In B. L. Hankin & J. R.
Z. Abela (Eds.), Development of Psychopathology (pp. 32–46). Thousand Oaks, CA:
Sage.
Jaeggi, S. M., Buschkuehl, M., Perrig, W. J., & Meier, B. (2010). The concurrent validity of
the n-back task as a working memory measure. Memory, 18, 394–412.
doi:10.1080/09658211003702171
Jameson, T. L., Hinson, J. M., & Whitney, P. (2004). Components of working memory and
somatic markers in decision making. Psychonomic Bulletin & Review, 11, 515–520.
doi:10.3758/BF03196604
Janes, A. C., Frederick, B. deB., Richardt, S., Burbridge, C., Merlo-Pich, E., Renshaw, P. F.,
… Kaufman, M. J. (2009). Brain fMRI reactivity to smoking-related images before and
during extended smoking abstinence. Experimental and Clinical Psychopharmacology,
17, 365–373. doi:10.1037/a0017797
Janssen, E. (2011). Sexual arousal in men: A review and conceptual analysis. Hormones and
Behavior, 59, 708–716. doi:10.1016/j.yhbeh.2011.03.004
Janssen, E., Everaerd, W., Spiering, M., & Janssen, J. (2000). Automatic processes and the
appraisal of sexual stimuli: Toward an information processing model of sexual arousal.
Journal of Sex Research, 37, 8–23. doi:10.1080/00224490009552016
Janssen, E., Goodrich, D., Petrocelli, J. V., & Bancroft, J. (2009). Psychophysiological
response patterns and risky sexual behavior in heterosexual and homosexual men.
Archives of Sexual Behavior, 38, 538–550. doi:10.1007/s10508-008-9432-z
Janssen, E., Prause, N., & Geer, J. H. (2007). The sexual response. In J. T. Cacioppo, L. G.
Tassinary, & G. Berntson (Eds.), Handbook of Psychophysiology (pp. 245–266). New
York: Camebridge University Press.
Jurado, M. B., & Rosselli, M. (2007). The elusive nature of executive functions: A review of
our current understanding. Neuropsychology Review, 17, 213–233. doi:10.1007/s11065007-9040-z
Kafka, M. P. (2010a). Hypersexual disorder: A proposed diagnosis for DSM-V. Archives of
Sexual Behavior, 39, 377–400. doi:10.1007/s10508-009-9574-7
Kafka, M. P. (2010b). The DSM diagnostic criteria for fetishism. Archives of Sexual
Behavior, 39, 357–362. doi:10.1007/s10508-009-9558-7

156
Kahneman, D. (2003). A perspective on judgment and choice: Mapping bounded rationality.
The American Psychologist, 58, 697–720. doi:10.1037/0003-066X.58.9.697
Kairouz, S. K., Paradis, C., & Nadaeu, L. (2012). Are online gamblers more at risk than
offline gamblers? CyberPsychology, Behavior and Social Networking, 15, 175–180.
doi:10.1089/cyber.2011.0260
Kalmus, E., & Beech, A. (2005). Forensic assessment of sexual interest: A review.
Aggression and Violent Behavior, 10, 193–217. doi:10.1016/j.avb.2003.12.002
Kauer, J. A. (2004). Learning mechanisms in addiction: Synaptic plasticity in the ventral
tegmental area as a result of exposure to drugs of abuse. Annual Review of Physiology,
66, 447–475. doi:10.1146/annurev.physiol.66.032102.112534
Kelley, A. E., & Berridge, K. C. (2002). The neuroscience of natural rewards: Relevance to
addictive drugs. Journal of Neuroscience, 22, 3306–3311. doi:0270-6474/02/22330606$15.00/0
Kendler, K. S., Jacobson, K. C., Prescott, C. A., & Neale, M. C. (2003). Specificity of genetic
and environmental risk factors for use and abuse/dependence of cannabis, cocaine,
hallucinogens, sedatives, stimulants and opiates in male twins. American Journal of
Psychiatry, 160, 687–695. doi:10.1176/appi.ajp.160.4.687
Kensinger, E. A., & Corkin, S. (2003). Effect of negative emotional content on working
memory and long-term memory. Emotion, 3, 378–393. doi:10.1037/1528-3542.3.4.378
Kensinger, E. A., & Corkin, S. (2004). Two routes to emotional memory: Distinct neural
processes for valence and arousal. Proceedings of the National Academy of Sciences of
the USA, 101, 3310–3315. doi:10.1073/pnas.0306408101
Kensinger, E. A., & Schacter, D. L. (2006). Processing emotional pictures and words: Effects
of valence and arousal. Cognitive, Affective, & Behavioral Neuroscience, 6, 110–126.
doi:10.3758/CABN.6.2.110
Khazaal, Y., Billieux, J., Thorens, G., Khan, R., Louati, Y., Scarlatti, E., … Zullino, D.
(2008). French validation of the Internet Addiction Test. CyberPsychology & Behavior,
11, 703–706. doi:10.1089/cpb.2007.0249
Kim, H.-K., & Davis, K. E. (2009). Toward a comprehensive theory of problematic Internet
use: Evaluating the role of self-esteem, anxiety, flow, and the self-rated importance of
Internet activities. Computers in Human Behavior, 25, 490–500.
doi:10.1016/j.chb.2008.11.001
Kim, J. J., & Jung, M. W. (2006). Neural circuits and mechanisms involved in Pavlovian fear
conditioning: A critical review. Neuroscience and Biobehavioral Reviews, 30, 188–202.
doi:10.1016/j.neubiorev.2005.06.005
Kingston, D. A., Fedoroff, P., Firestone, P., Curry, S., & Bradford, J. M. (2008). Pornography
use and sexual aggression: The impact of frequency and type of pornography use on
recidivism among sexual offenders. Aggressive Behavior, 34, 341–351.
doi:10.1002/ab.20250

157
Klucken, T., Schweckendiek, J., Merz, C. J., Tabbert, K., Walter, B., Kagerer, S., … Stark, R.
(2009). Neural activations of the acquisition of conditioned sexual arousal: Effects of
contingency awareness and sex. Journal of Sexual Medicine, 6, 3071–3085.
doi:10.1111/j.1743-6109.2009.01405.x
Ko, C.-H., Yen, J.-Y., Yen, C- F., Chen, C.-S., & Chen, C.-C. (2012). The association
between Internet addiction and psychiatric disorder: A review of the literature. European
Psychiatry, 27, 1–8. doi:10.1016/j.eurpsy.2010.04.011
Ko, C.-H., Hsiao, S., Liu, G.-C., Yen, J.-Y., Yang, M.-J., & Yen, C.-F. (2010a). The
characteristics of decision making, potential to take risks, and personality of college
students with Internet addiction. Psychiatry Research, 175, 121–125.
doi:10.1016/j.psychres.2008.10.004
Ko, C.-H., Hsiao, S., Liu, G.-C., Yen, Y. Y., Yang, M.-J., & Yen, C.-F. (2010b). The
characteristics of decision making, potential to take risks, and personality of college
students with Internet addiction. Psychiatry Research, 175, 121–125.
doi:10.1016/j.psychres.2008.10.004
Ko, C.-H., Liu, G.-C., Hsiao, S., Yen, J.-Y., Yang, M.-J., Lin, W.-C., … Chen, C.-S. (2009).
Brain activities associated with gaming urge of online gaming addiction. Journal of
Psychiatric Research, 43, 739–747. doi:10.1016/j.jpsychires.2008.09.012
Koob, G. F., & Volkow, N. D. (2010). Neurocircuitry of addiction.
Neuropsychopharmacology, 35, 217–238. doi:10.1038/npp.2009.110
Kranz, F., & Ishai, A. (2006). Face perception is modulated by sexual preference. Current
Biology, 16, 63–68. doi:10.1016/j.cub.2005.10.070
Kraus, L., Augustin, R., Frischer, M., Kümmler, P., Uhl, A., & Wiessing, L. (2003).
Estimating prevalence of problem drug use at national level in countries of the European
Union and Norway. Addiction, 98, 471–485. doi:10.1046/j.1360-0443.2003.00326.x
Kraut, R., Patterson, M., Lundmark, V., Kiesler, S., Mukopadhyay, T., & Scherlis, W. (1998).
Internet paradox. American Psychologist, 53, 1017–1031. doi:10.1037/0003066X.53.9.1017
Kreek, M. J., Nielsen, D. A., Butelman, E. R., & LaForge, K. S. (2005). Genetic influences on
impulsivity, risk taking, stress responsivity and vulnerability to drug abuse and addiction.
Nature Neuroscience, 8, 1450–1457. doi:10.1038/nn1583
Kushner, M., Thurus, P., Sletten, S., Frye, B., Abrams, K., Adson, D., … Donahue, C.(2008).
Urge to gamble in a simulated gambling environment. Journal of Gambling Studies, 24,
219–227. doi:10.1007/s10899-007-9083-3
Kuss, D. J., & Griffiths, M. D. (2011a). Internet gaming addiction: A systematic review of
empirical research. International Journal of Mental Health and Addiction, 10, 278–296.
doi:10.1007/s11469-011-9318-5
Kuss, D. J., & Griffiths, M. D. (2011b). Internet sex addiction: A review of empirical
research. Addiction Research & Theory, 116, 1–14. doi:10.3109/16066359.2011.588351

158
Kübler, A., Murphy, K., & Garavan, H. (2005). Cocaine dependence and attention switching
within and between verbal and visuospatial working memory. The European Journal of
Neuroscience, 21, 1984–1992. doi:10.1111/j.1460-9568.2005.04027.x
Labudda, K., Woermann, F. G., Mertens, M., Pohlmann-Eden, B., Markowitsch, H. J., &
Brand, M. (2008). Neural correlates of decision making with explicit information about
probabilities and incentives in elderly healthy subjects. Experimental Brain Research,
187, 641–650. doi:10.1007/s00221-008-1332-x
Laier, C., Pawlikowski, M., & Brand, M. (2012). Pornographic picture processing interferes
with working memory-performance. Journal of Sex Research, EPub, doi:
10.1080/00224499.2012.716873
Lalumiere, M. L., & Quinsey, V. L. (1998). Pavlovian conditioning of sexual interests in
human males. Archives of Sexual Behavior, 27, 241–252.
doi:10.1023/B:ASEB.0000007461.59019.d3
Lang, P. J., Bradley, M. M., & Cuthbert, B. N. (2008). International affective picture system
(IAPS): Affective ratings of pictures and instruction manual. Technical Report A-8.
University of Florida, Gainsville.
Larose, R., Lin, C. A., & Eastin, M. S. (2003). Unregulated Internet usage: Addiction, habit ,
or deficient self-regulation? Media Psychology, 5, 225–253.
doi:10.1207/S1532785XMEP0503_01
Leung, L. (2004). Net-generation attributes and seductive properties of the Internet as
predictors of online activities and Internet addiction. CyberPsychology & Behavior, 7,
333–352.
Levine, S. B. (2010). What is sexual addiction? Journal of Sex & Marital Therapy, 36, 261–
275. doi:10.1080/00926231003719681
Li, C.-Y., Zhou, W.-Z., Zhang, P.-W., Johnson, C., Wei, L., & Uhl, G. R. (2011). Metaanalysis and genome-wide interpretation of genetic susceptibility to drug addiction. BMC
Genomics, 12, 1–10. doi:10.1186/1471-2164-12-508
MacLeod, C. (1992). The Stroop task: The “gold standard” of attentional measures. Journal of
Experimental Psychology: General, 121, 12–14.
Macapagal, K. R., Janssen, E., Fridberg, B. S., Finn, R., & Heiman, J. R. (2011). The effects
of impulsivity, sexual arousability, and abstract intellectual ability on men’s and
women’s go/no-go task performance. Archives of Sexual Behavior, 40, 995–1006.
doi:10.1007/s10508-010-9676-2
Maren, S. (2001). Neurobiology of pavlovian fear conditioning. Annual Review of
Neuroscience, 24, 897–931. doi:10.1146/annurev.neuro.24.1.897
Martin-Soelch, C., Leenders, K. L., Chevalley, A. F., Missimer, J., Künig, G., Magyar, S., …
Schultz, W. (2001). Reward mechanisms in the brain and their role in dependence:
Evidence from neurophysiological and neuroimaging studies. Brain Research Reviews,
36, 139–149. doi:10.1016/S0165-0173(01)00089-3

159
Martin-Soelch, C., Linthicum, J., & Ernst, M. (2007). Appetitive conditioning: Neural bases
and implications for psychopathology. Neuroscience & Biobehavioral Reviews, 31, 426–
440. doi:10.1016/j.neubiorev.2006.11.002.
McElroy, S. L., Phillips, K. A., & Keck, P. E. (1994). Obsessive compulsive spetrum
disorder. Journal of Clinical Psychiatry, 55, 33–51.
McHugh, R., Hearon, B., & Otto, M. (2010). Cognitive-behavioral therapy for substance use
disorders. Psychiatric Clinics of North America, 33, 511-525.
doi:10.1016/j.psc.2010.04.012.Cognitive-Behavioral
Meerkerk, G.-J., Eijnden, van den R. J. J. M., Vermulst, A. A., & Garretson, H. F. L. (2009).
The Compulsive Internet Use Scale (CIUS): Some psychometric properties.
CyberPsychology & Behavior, 12, 1–6. doi:10.1089/cpb.2008.0181
Meerkerk, G.-J., van den Eijnden, R. J. J. M., & Garretsen, H. F. L. (2006). Predicting
compulsive Internet use: It’s all about sex! CyberPsychology & Behavior, 9, 95–103.
doi:10.1089/cpb.2006.9.95
Mitchell, K. J., Johnson, M. K., Raye, C. L., & D’Esposito, M. (2000). fMRI evidence of agerelated hippocampal dysfunction in feature binding in working memory. Cognitive Brain
Research, 10, 197–206. doi:10.1016/S0926-6410(00)00029-X
Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H., Howerter, A., & Wager, T. D.
(2000). The unity and diversity of executive functions and their contributions to complex
“frontal lobe” tasks: A latent variable analysis. Cognitive Psychology, 41, 49–100.
doi:10.1006/cogp.1999.0734
Miyake, A., & Shah, P. (1999). Models of working memory: Mechanisms of active
maintenance and executive control. New York: Oxford University Press.
Montag, C., Kirsch, P., Sauer, C., Markett, S., & Reuter, M. (2012). The role of the CHRNA4
gene in Internet addiction: A case-control study. Journal of Addiction Medicine, 6, 191–
195. doi:10.1097/ADM.0b013e31825ba7e7
Morahan-Martin, J., & Schumacher, P. (2000). Incidence and correlates of pathological
Internet use among college students. Computers in Human Behavior, 16, 13–29.
doi:10.1016/S0747-5632(99)00049-7
Most, S., Smith, S., Cooter, A., Levy, B., & Zald, D. (2007). The naked truth: Positive,
arousing distractors impair rapid target perception. Cognition and Emotion, 21, 37–41.
doi:10.1080/02699930600959340
Muthén, L., & Muthén, B. (2011). MPlus (Version 6.11). Los Angeles: Muthén & Muthén.
Müller, N. G., & Knight, R. T. (2006). The functional neuroanatomy of working memory:
Contributions of human brain lesion studies. Neuroscience, 139, 51–58.
doi:10.1016/j.neuroscience.2005.09.018

160
Naqvi, N., Shiv, B., & Bechara, A. (2006). The role of emotion in decision making: A
cognitive neuroscience perspective. Current Directions in Psychological Science, 15,
260–264. doi:10.1111/j.1467-8721.2006.00448.x
Niemz, K., Griffiths, M., & Banyard, P. (2005). Prevalence of pathological Internet use
among university students and correlations with self-esteem, the General Health
Questionnaire (GHQ), and disinhibition. CyberPsychology & Behavior, 8, 562–570.
doi:10.1089/cpb.2005.8.562
Norman, D. A., & Shallice, T. (1986). Attention to action: Willed and automatic control of
behaviour. In R. J. Davidson, G. E. Schwartz, & D. Shapiro (Eds.), Consciousness and
self-regulation: Advances in Research and Theory (pp. 1–18). New York: Plenum.
Ornstein, T. J., Iddon, J. L., Baldacchino, A. M., Sahakian, B. J., London, M., Everitt, B. J., &
Robbins, T. W. (2000). Profiles of cognitive dysfunction in chronic amphetamine and
heroin abusers. Neuropsychopharmacology, 23, 113–126. doi:10.1016/S0893133X(00)00097-X
Orzack, M. H., & Ross, C. J. (2000). Should virtual sex be treated like other sex addictions?
Sexual Addiction & Compulsivity, 7, 113–125. doi:10.1080/10720160008400210
Owen, A. M., McMillan, K. M., Laird, A. R., & Bullmore, E. (2005). N-back working
memory paradigm: A meta-analysis of normative functional neuroimaging studies.
Human Brain Mapping, 25, 46–59. doi:10.1002/hbm.20131
Parker, A. B., & Gilbert, D. G. (2008). Brain activity during anticipation of smoking-related
and emotionally positive pictures in smokers and nonsmokers: A new measure of cue
reactivity. Nicotine & Tobacco Research, 10, 1627–1631.
doi:10.1080/14622200802412911
Paul, B. (2009). Predicting Internet pornography use and arousal: The role of individual
difference variables. Journal of Sex Research, 46, 1–14.
doi:10.1080/00224490902754152
Paul, B., & Shim, J. W. (2008). Gender, sexual affect, and motivations for Internet
pornography use. International Journal of Sexual Health, 20, 187–199.
doi:10.1080/19317610802240154
Paul, T., Schiffer, B., Zwarg, T., Krüger, T. H. C., Karama, S., Schedlowski, M., …
Gizweski, E. R. (2008). Brain response to visual sexual stimuli in heterosexual and
homosexual males. Human Brain Mapping, 29, 726–735. doi:10.1002/hbm.20435
Pawlikowski, M., Altstötter-Gleich, C., & Brand, M. (2012). Validation and psychometric
properties of a German short version of Young’s Internet Addiction Test. Computers in
Human Behavior, EPub, doi: 10.1016/j.chb.2012.10.014.
Pawlikowski, M., & Brand, M. (2011). Excessive Internet gaming and decision making: Do
excessive World of Warcraft players have problems in decision making under risky
conditions? Psychiatry Research, 188, 428–433. doi:10.1016/j.psychres.2011.05.017

161
Pecchinenda, A., Dretsch, M., & Chapman, P. (2006). Working memory involvement in
emotion-based processes underlying choosing advantageously. Experimental
Psychology, 53, 191–197. doi:10.1027/1618-3169.53.3.191
Perlstein, W., & Elbert, T. (2002). Dissociation in human prefrontal cortex of affective
influences on working memory-related activity. Proceedings of the National Academy of
Sciences of the USA, 99, 1736–1741. doi:10.1073/pnas.241650598
Petersen, K. U., Weymann, N., Schelb, Y., Thiel, R., & Thomasius, R. (2009). Pathologischer
Internetgebrauch - Epidemiologie, Diagnostik, komorbide Störungen und
Behandlungsansätze. Fortschritte der Neurologie-Psychiatrie, 77, 263–271.
doi:10.1055/s-0028-1109361
Peterson, Z. D., Janssen, E., & Laan, E. (2010). Women’s sexual responses to heterosexual
and lesbian erotica: The role of stimulus intensity, affective reaction, and sexual history.
Archives of Sexual Behavior, 39, 880–897. doi:10.1007/s10508-009-9546-y
Pfaus, J. G., Kippin, T. E., & Centeno, S. (2001). Conditioning and sexual behavior: A
review. Hormones and Behavior, 40, 291–321. doi:10.1006/hbeh.2001.1686
Phelps, E. A. (2006). Emotion and cognition: Insights from studies of the human amygdala.
Annual Review of Psychology, 57, 27–53. doi:10.1146/annurev.psych.56.091103.070234
Pies, R. (2009). Should DSM-V designate “Internet Addiction” a mental disorder? Psychiatry,
6, 31–37.
Ponseti, J., Bosinski, H., Wolff, S., & Peller, M. (2006). A functional endophenotype for
sexual orientation in humans. Neuroimage, 33, 825–833.
doi:10.1016/j.neuroimage.2006.08.002
Potenza, M. N. (2006). Should addictive disorders include non-substance-related conditions?
Addiction, 101, 142–151. doi:10.1111/j.1360-0443.2006.01591.x
Potenza, M. N. (2008). The neurobiology of pathological gambling and drug addiction: An
overview and new findings. Philosophical Transactions of the Royal Society of London
Series B, 363, 3181–3189. doi:10.1098/rstb.2008.0100
Potenza, M. N., Steinberg, M. A., Skudlarski, P., Fulbright, R. K., Lacadie, C. M., Wilber, M.
… Wexler, B. E. (2003). Gambling urges in pathological gambling: A functional
magnetic resonance imaging study. Archives of General Psychiatry, 60, 828–836.
doi:10.1001/archpsyc.60.8.828
Prause, N., Janssen, E., & Hetrick, W. P. (2008). Attention and emotional responses to sexual
stimuli and their relationship to sexual desire. Archives of Sexual Behavior, 37, 934–949.
doi:10.1007/s10508-007-9236-6
Preacher, K. J., & Hayes, A. F. (2004). SPSS and SAS procedures for estimating indirect
effects in simple mediation models. Behavior Research Methods, Instruments, &
Computers, 36, 717–731. doi:10.3758/BF03206553

162
Preston, S. D., Buchanan, T. W., Stansfield, R. B., & Bechara, A. (2007). Effects of
anticipatory stress on decision making in a gambling task. Behavioral Neuroscience,
121, 257–263. doi:10.1037/0735-7044.121.2.257
Raviv, M. (1993). Personality characteristics of sexual addicts and pathological gamblers.
Journal of Gambling Studies, 9, 17–30. doi:10.1007/BF01019922
Redouté, J., Stoléru, S., Grégoire, M.-C., Costes, N., Cinotti, L., Lavenne, F., … Pujol, F.-P.
(2000). Brain processing of visual sexual stimuli in human males. Human Brain
Mapping, 11, 162–177. doi:10.1002/1097-0193(200011)11:3<162::AIDHBM30>3.0.CO;2-A
Reid, R. C., Garos, S., & Carpenter, B. N. (2011). Reliability, validity, and psychometric
development of the Hypersexual Behavior Inventory in an outpatient sample of men.
Sexual Addiction & Compulsivity, 18, 30–51. doi:10.1080/10720162.2011.555709
Reiersøl, O., & Skeid, S. (2006). The ICD diagnoses of fetishism and sadomasochism.
Journal of Homosexuality, 50, 243–262. doi:10.1300/J082v50n02
Rellini, A. H., McCall, K. M., Randall, P. K., & Meston, C. M. (2005). The relationship
between women’s subjective and physiological sexual arousal. Psychophysiology, 42,
116–124. doi:10.1111/j.1469-8986.2005.00259.x
Robinson, T. E., & Berridge, K. C. (1993). The neural basis of drug craving: An incentivesensitization theory of addiction. Brain Research Reviews, 18, 247–291.
doi:10.1016/0165-0173(93)90013-P
Robinson, T. E., & Berridge, K. C. (2001). Incentive-sensitization and addiction. Addiction,
96, 103–114. doi:10.1080/09652140020016996
Robinson, T. E., & Berridge, K. C. (2003). Addiction. Annual Review of Psychology, 54, 25–
53. doi:10.1146/annurev.psych.54.101601.145237
Robinson, T. E., & Berridge, K. C. (2008). Review. The incentive sensitization theory of
addiction: Some current issues. Philosophical Transactions of the Royal Society of
London Series B, 363, 3137–3146. doi:10.1098/rstb.2008.0093
Rolls, E. T. (2000). The orbitofrontal cortex and reward. Cerebral Cortex, 10, 284–294.
doi:10.1093/cercor/10.3.284
Rooij, van A. J., Zinn, M. F., Schoenmakers, T. M., & Mheen, D. (2010). Treating Internet
addiction with cognitive-behavioral therapy: A thematic analysis of the experiences of
therapists. International Journal of Mental Health and Addiction, 10, 69–82.
doi:10.1007/s11469-010-9295-0
Royall, D. R., Lauterbach, E. C., Cummings, J. L., Reeve, A., Rummans, T. A., Kaufer, D. I.,
… Coffrey, C. E. (2002). Executive control function: A review of its promise and
challenges for clinical research. Journal of Neuropsychiatry and Clinical Neurosciences,
14, 377–405. doi:10.1176/appi.neuropsych.14.4.377

163
Sachs, B. D. (2007). A contextual definition of male sexual arousal. Hormones and Behavior,
51, 569–578. doi:10.1016/j.yhbeh.2007.03.011
Schaefer, A., Braver, T. S., Reynolds, J. R., Burgess, G. C., Yarkoni, T., & Gray, J. R. (2006).
Individual differences in amygdala activity predict response speed during working
memory. Journal of Neuroscience, 26, 10120–10128. doi:10.1523/JNEUROSCI.256706.2006
Schiebener, J., Zamarian, L., Delazer, M., & Brand, M. (2011). Executive functions,
categorization of probabilities, and learning from feedback: What does really matter for
decision making under explicit risk conditions? Journal of Clinical and Experimental
Neuropsychology, 33, 1025–1039. doi:10.1080/13803395.2011.595702
Schimmack, U. (2005). Attentional interference effects of emotional pictures: Threat,
negativity, or arousal? Emotion, 5, 55–66. doi:10.1037/1528-3542.5.1.55
Schneider, J. (2000). A qualitative study of cybersex participants: Gender differences,
recovery issues, and implications for therapists. Sexual Addiction & Compulsivity, 7,
249–278. doi:10.1080/10720160008403700
Schoofs, D., Preuss, D., & Wolf, O. T. (2008). Psychosocial stress induces working memory
impairments in an n-back paradigm. Psychoneuroendocrinology, 33, 643–653.
doi:10.1016/j.psyneuen.2008.02.004
Schreiber, J. B., Nora, A., Stage, F. K., Barlow, E. A., & King, J. (2006). Reporting structural
equation modeling and confirmatory factor analysis results: A review. The Journal of
Educational Research, 99, 323–337. doi:10.3200/JOER.99.6.323-338
Schumacker, R. E., & Lomax, R. G. (2010). A beginner’s guide to structural equation
modeling. (3rd. ed.). New York: Routledge.
Schwartz, M., & Southern, S. (2000). Compulsive cybersex: The new tea room. Sexual
Addiction & Compulsivity, 7, 127–144. doi:10.1080/10720160008400211
Seto, M. C. (2009). Pedophilia. Annual Review of Clinical Psychology, 5, 391–407.
doi:10.1146/annurev.clinpsy.032408.153618
Shapira, N. A., Lessig, M. C., Goldsmith, T. D., Szabo, S. T., Lazoritz, M., Gold, M. S., &
Stein, D. J. (2003). Problematic Internet use: Proposed classification and diagnostic
criteria. Depression and Anxiety, 17, 207–216. doi:10.1002/da.10094
Sharma, D., Albery, I. P., & Cook, C. (2001). Selective attentional bias to alcohol related
stimuli in problem drinkers and non-problem drinkers. Addiction, 96, 285–295.
doi:10.1080/09652140020021026
Shaughnessy, K., Byers, E. S., & Walsh, L. (2011). Online sexual activity experience of
heterosexual students: Gender similarities and differences. Archives of Sexual Behavior,
40, 419–427. doi:10.1007/s10508-010-9629-9
Short, M. B., Black, L., Smith, A. H., Wetterneck, C. T., & Wells, D. E. (2012). A review of
Internet pornography use research: Methodology and content from the past 10 years.

164
CyberPsychology, Behavior, and Social Networking, 15, 13–23.
doi:10.1089/cyber.2010.0477
Sinha, R. (2008). Chronic stress, drug use, and vulnerability to addiction. Annals of the New
York Academy of Sciences, 1141, 105–130. doi:10.1196/annals.1441.030
Smith, E. E., & Jonides, J. (1997). Working memory: A view from neuroimaging. Cognitive
Psychology, 33, 5–42. doi:10.1006/cogp.1997.0658
Smith, E. E., & Jonides, J. (1999). Storage and executive processes in the frontal lobes.
Science, 283, 1657–1661. doi:10.1126/science.283.5408.1657
Smith, J. C., Löw, A., Bradley, M. M., & Lang, P. J. (2006). Rapid picture presentation and
affective engagement. Emotion, 6, 208–214. doi:10.1037/1528-3542.6.2.208
Sodano, R., & Wulfert, E. (2009). Cue reactivity in active pathological, abstinent
pathological, and regular gamblers. Journal of Gambling Studies, 26, 53–65.
doi:10.1007/s10899-009-9146-8
Stanislaw, H., & Todorow, N. (1999). Calculation of signal detection theory measures.
Behavior Research Methods, Instruments, & Computers, 31, 137–149.
doi:10.3758/BF03207704
Starcke, K., & Brand, M. (2012). Decision making under stress: A selective review.
Neuroscience and Biobehavioral Reviews, 36, 1228–1248.
doi:10.1016/j.neubiorev.2012.02.003
Starcke, K., Pawlikowski, M., Altstötter-Gleich, C., Wolf, O. T., & Brand, M. (2011).
Decision-making under risk conditions is susceptible to interference by a secondary
executive task. Cognitive Processing, 12, 177–182. doi:10.1007/s10339-010-0387-3
Stein, D. J., Black, D. W., Shapria, N. A., & Spitzer, R. L. (2001). Hypersexual disorder and
preoccupation with Internet pornography. American Journal of Psychiatry, 158, 1590–
1594. doi:10.1176/appi.ajp.158.10.1590
Stoléru, S., Grégoire, M. C., Gerard, D., Decety, J., Lafarge, E., Cinotti, L., … Comar D.
(1999). Neuroanatomical correlates of visually evoked sexual arousal in human males.
Archives of Sexual Behavior, 28, 1–21. doi:10.1023/A:1018733420467
Stulhofer, A., Busko, V., & Landripet, I. (2010). Pornography, sexual socialization, and
satisfaction among young men. Archives of Sexual Behavior, 39, 168–178.
doi:10.1007/s10508-008-9387-0
Stuss, D. T., & Alexander, M. P. (2000). Executive functions and the frontal lobes: A
conceptual view. Psychological Research, 63, 289–298. doi:10.1007/s004269900007
Suhr, J. A., & Tsanadis, J. (2007). Affect and personality correlates of the Iowa Gambling
Task. Personality and Individual Differences, 43, 27–36. doi:10.1016/j.paid.2006.11.004
Suler, J. R. (1999). To get what you need: Healthy and pathological Internet use.
Cyberpsychology & Behavior, 2, 385–393. doi:10.1089/cpb.1999.2.385

165
Sun, D., Chen, Z., Ma, N., Zhang, X., Fu, X., & Zhang, D. (2009). Decision-making and
prepotent response inhibition functions in excessive Internet users. CNS Spectrums, 14,
75–81.
Sussman, S., Lisha, N., & Griffiths, M. (2011). Prevalence of the addictions: A problem of the
majority or the minority? Evaluation & the Health Professions, 34, 3–56.
doi:10.1177/0163278710380124
Swendsen, J., & Le Moal, M. (2011). Individual vulnerability to addiction. Annals of the New
York Academy of Sciences, 1216, 73–85. doi:10.1111/j.1749-6632.2010.05894.x
Thalemann, R., Wölfling, K., & Grüsser, S. M. (2007). Specific cue reactivity on computer
game-related cues in excessive gamers. Behavioral Neuroscience, 121, 614–618.
doi:10.1037/0735-7044.121.3.614
Thatcher, A., Wretschko, G., & Fridjhon, P. (2008). Online flow experiences, problematic
Internet use and Internet procrastination. Computers in Human Behavior, 24, 2236–2254.
doi:10.1016/j.chb.2007.10.008
Tiffany, S. T., & Wray, J. M. (2012). The clinical significance of drug craving. Annals of the
New York Academy of Sciences, 1248, 1–17. doi:10.1111/j.1749-6632.2011.06298.x
Tombaugh, T. N. (2004). Trail Making Test A and B: Normative data stratified by age and
education. Archives of Clinical Neuropsychology, 19, 203–214. doi:10.1016/S08876177(03)00039-8
Trick, L., Hogarth, L., & Duka, T. (2011). Prediction and uncertainty in human pavlovian to
instrumental transfer. Journal of Experimental Psychology: Learning, Memory, and
Cognition, 37, 757–765. doi:10.1037/a0022310
Turnbull, O. H., Evans, C. E. Y., Bunce, A., Carzolio, B., & O’Connor, J. (2005). Emotionbased learning and central executive resources: An investigation of intuition and the
Iowa Gambling Task. Brain and Cognition, 57, 244–247.
doi:10.1016/j.bandc.2004.08.053
Unsworth, N., Spillers, G. J., & Brewer, G. A. (2009). Examining the relations among
working memory capacity, attention control, and fluid intelligence from a dualcomponent framework. Psychology Science Quarterly, 51, 388–402.
Verdejo-García, A., Bechara, A., Recknor, E. C., & Pérez-García, M. (2006). Executive
dysfunction in substance dependent individuals during drug use and abstinence: An
examination of the behavioral, cognitive and emotional correlates of addiction. Journal
of the International Neuropsychological Society, 12, 405–415.
doi:10.1017/S1355617706060486
Verdejo-García, A., López-Torrecillas, F., Giménez, C. O., & Pérez-García, M. (2004).
Clinical implications and methodological challenges in the study of the
neuropsychological correlates of cannabis, stimulant, and opioid abuse. Neuropsychology
Review, 14, 1–41. doi:10.1023/B:NERV.0000026647.71528.83

166
Volkow, N. D., Fowler, J. S., & Wang, G. J. (2003). The addicted human brain: Insights from
imaging studies. Journal of Clinical Investigation, 111, 1444–1452.
doi:10.1172/JCI200318533
Volkow, N. D., Fowler, J. S., & Wang, G.-J. (2002). Role of dopamine in drug reinforcement
and addiction in humans: Results from imaging studies. Behavioural Pharmacology, 13,
355–366. doi:10.1038/sj.mp.4001507
Volkow, N. D., Fowler, J. S., Wang, G.-J., & Goldstein, R. Z. (2002). Role of dopamine, the
frontal cortex and memory circuits in drug addiction: Insight from imaging studies.
Neurobiology of Learning and Memory, 78, 610–624. doi:10.1006/nlme.2002.4099
Volkow, N. D., Wang, G., Fowler, J., Logan, J., Gatley, S., Hitzemannt, R., … Pappas, N.
(1997). Decreased striatal dopaminergic responsiveness in detoxified cocaine-dependent
subjects. Nature, 386, 830–833. doi:10.1038/386830a0
Voytek, B., & Knight, R. T. (2010). Prefrontal cortex and basal ganglia contributions to visual
working memory. Proceedings of the National Academy of Sciences of the USA, 107,
18167–18172. doi:10.1073/pnas.1007277107
Vries, de M., Holland, R. W., & Witteman, C. L. M. (2008). In the winning mood: Affect in
the Iowa Gambling Task. Judgment and Decision Making, 3, 42–50.
Vuilleumier, P. (2005). How brains beware: Neural mechanisms of emotional attention.
Trends in Cognitive Sciences, 9, 585–594. doi:10.1016/j.tics.2005.10.011
WHO (1993). The ICD-10 classification of mental and behavioural disorders: Diagnostic
criteria for research. Geneva: World Health Organization.
Wang, G.-B., Zhang, X.-L., Zhao, L.-Y., Sun, L.-L., Wu, P., Lu, L., & Shi, J. (2012). Drugrelated cues exacerbate decision making and increase craving in heroin addicts at
different abstinence times. Psychopharmacology, 221, 701–708. doi:10.1007/s00213011-2617-5
Weinstein, A., & Lejoyeux, M. (2010). Internet addiction or excessive Internet use. American
Journal of Drug and Alcohol Abuse, 36, 277–283. doi:10.3109/00952990.2010.491880
Weiss, F. (2005). Neurobiology of craving, conditioned reward and relapse. Current Opinion
in Pharmacology, 5, 9–19. doi:10.1016/j.coph.2004.11.001
Whang, L. S.-M., Lee, S., & Chang, G. (2003). Internet over-users’ psychological profiles: A
behavior sampling analysis on Internet addiction. CyberPsychology & Behavior, 6, 143–
150. doi:10.1089/109493103321640338
Whitty, M. T., & Quigley, L.-L. (2008). Emotional and sexual infidelity offline and in
cyberspace. Journal of Marital and Family Therapy, 34, 461–468. doi:10.1111/j.17520606.2008.00088.x
Widyanto, L., & Griffiths, M. (2006). “Internet addiction”: A critical review. International
Journal of Mental Health and Addiction, 4, 31–51. doi:10.1007/s11469-006-9009-9

167
Widyanto, L., & McMurran, M. (2004). The psychometric properties of the Internet addiction
test. CyberPsychology & Behavior, 7, 443–450. doi:10.1089/cpb.2004.7.443
Wightman, R. M., & Robinson, D. L. (2002). Transient changes in mesolimbic dopamine and
their association with “reward”. Journal of Neurochemistry, 82, 721–735.
doi:10.1046/j.1471-4159.2002.01005.x
Wise, R. A. (2002). Brain reward circuitry: Insights from unsensed incentives. Neuron, 36,
229–240. doi:10.1016/S0896-6273(02)00965-0
Wright, L. W., & Adams, H. E. (1999). The effects of stimuli that vary in erotic content on
cognitive processes. Journal of Sex Research, 36, 145–151.
doi:10.1080/00224499909551979
Wulfert, E., Maxson, J., & Jardin, B. (2009). Cue-specific reactivity in experienced gamblers.
Psychology of Addictive Behaviors, 23, 731–735. doi:10.1037/a0017134
Wölfling, K., Bühler, M., Leménager, T., Mörsen, C., & Mann, K. (2009). Gambling and
Internet addiction: Review and research agenda. Der Nervenarzt, 80, 1030–1039.
doi:10.1007/s00115-009-2741-1
Yang, C. K., Choe, B. M., Baity, M., Lee, J. H., & Cho, J. S. (2005). SCL-90-R and 16PF
profiles of senior high school students with excessive Internet use. Canadian Journal of
Psychiatry, 50, 407–414.
Yang, Z., Xie, J., Shao, Y.-C., Xie, C.-M., Fu, L.-P., Li, D.-J., … Li, S.-J. (2009). Dynamic
neural responses to cue-reactivity paradigms in heroin-dependent users: An fMRI study.
Human Brain Mapping, 30, 766–775. doi:10.1002/hbm.20542
Yellowlees, P., & Marks, S. (2007). Problematic Internet use or Internet addiction?
Computers in Human Behavior, 23, 1447–1453. doi:10.1016/j.chb.2005.05.004
Young, K. (2000). The mental health concern for the new millennium. CyberPsychology &
Behavior, 3, 475–479. doi:10.1089/cpb.1998.1.237
Young, K. S. (1998). Caught in the net: How to recognize the signs of Internet addiction and a winning strategy for recovery. New York: John Wiley & Sons.
Young, K. S. (2004). Internet addiction: A new clinical phenomenon and its consequences.
American Behavioral Scientist, 48, 402–415. doi:10.1177/0002764204270278
Young, K. S. (2008). Internet sex addiction: Risk factors, stages of development, and
treatment. American Behavioral Scientist, 52, 21–37. doi:10.1177/0002764208321339
Young, K. S., Pistner, M., O’Mara, J., & Buchanan, J. (1999). Cyber disorders: The mental
health concern for the new millennium. CyberPsychology & Behavior, 2, 475–479.
doi:10.1089/cpb.1999.2.475

168

8. List of Tables
Table 1
Result of the experimental pornographic picture presentation. Ten pornographic picture
categories were rated with respect to sexual arousal while viewing times were recorded. .... 48

Table 2
Description of variables concerning cybersex consuming behavior, indicators of gratification
as well as indicators of compensation...................................................................................... 50

Table 3
Correlations of subjective complaints in everyday life due to cybersex usage as measured by
the s-IATsex with indicators of attraction to or sexual arousal due to pornographic pictures.
.................................................................................................................................................. 52

Table 4
Hierarchical regression analyses with indicators of the gratification hypothesis predicting the
s-IATsex score as dependent variable. ..................................................................................... 53

Table 5
Correlations of the s-IATsex with variables concerning the number and the variability of as
well as satisfaction with real-life sexual contacts. ................................................................... 54

Table 6
Correlations of the indicators of the gratification hypothesis with the indicators of the
compensation hypotheses. ........................................................................................................ 56

Table 7
Descriptive values of questionnaires and the experimental paradigm. ................................... 72

169
Table 8
Correlations of the manifest variables used within the mediation model. ............................... 73

Table 9
Direct, indirect, and total effects in the mediation analysis..................................................... 75

Table 10
Description of working memory-performance in the four experimental task conditions with
neutral, negative, positive or pornographic stimuli. ................................................................ 89

Table 11
Description of the indicators of sexual arousal. ...................................................................... 91

Table 12
Bivariate correlations of the performance data in the pornographic picture condition of the 4back task with indicators of sexual arousal. ............................................................................ 92

Table 13
Hierarchical regression analysis with d’ in the pornographic picture condition as dependent
variable..................................................................................................................................... 94

Table 14
Results of the picture ratings and the indication of sexual arousal following sexual picture
presentation. ........................................................................................................................... 113

Table 15
Mean net scores of the five IGT blocks as well as the IGT overall net score for both groups
playing the modified IGT with sexual pictures on card decks CD or on card decks AB. ...... 114

170
Table 16
Bivariate correlations of IGT net score of the first forty trials and the overall net score with
the sexual picture rating and sexual arousal for both groups playing the modified IGT with
sexual pictures on card decks C and D or on card decks A and B. ....................................... 115

Table 17
Hierarchical regression analysis with IGT net score as dependent variable. ....................... 116

171

9. List of Figures
Figure 1
The cognitive-behavioral model of pathological Internet use (modified from Davis, 2001)... 18

Figure 2
The multicomponent model (modyfied from Baddeley, 2010). Visual or verbal information
can be maintained separately, combined or linked to long-term memory contents to be used
for mental operations carried out by the central executive. ..................................................... 33

Figure 3
Illustration of decision making under ambiguity (A, modified from Bechara et al., 1997) and
decision making under risk (B, modified from Brand, Labudda, & Markowitsch, 2006). ...... 36

Figure 4
Result of the experimental pornographic picture presentation. Sexual arousal rating to the ten
pornographic picture categories is represented by black bars and left axis. VT measure is
represented by white bars and right axis. Error bars represent standard deviations. ............... 49

Figure 5
Demonstration of hierarchical regression analysis’ results with the s-IATsex as dependent
variable showing a moderation by satisfaction with the quality of sexual real-life contacts.
Participants reporting ‘low satisfaction’ show no difference in the s-IATsex. Individuals
reporting a ‘high satisfaction’ have a higher s-IATsex score, if they report high craving. ...... 57

Figure 6
Illustration of the hypothesized mediation effect. Tendencies towards cybersex addiction are
assumed to be predicted by person’s vulnerability as well as by craving. Craving mediates the
relationship between person’s vulnerability and tendencies towards cybersex addiction. Latent
variables are shown in circle, manifest variables are presented in rectangles. The direct effect
is shown continued; the indirect effect is shown dashed. ........................................................ 68

172
Figure 7
Results for the structural equation model. Chi-Square-Test χ² = 10.69, p = 0.15; RMSEA =
.06; CFI = .98; degrees of freedom = 7. e = error. Significant effects are in boldface. ........... 74

Figure 8
Demonstration of hierarchical regression analysis' result with d’ in the pornographic picture
condition in the 4-back task as dependent variable showing a moderation by masturbation
needs. Participants reporting a 'low need to masturbate' show no difference in working
memory-performance whether or not pornographic pictures were rated as sexually arousing.
Individuals reporting a 'high need to masturbate' show a worse WM-performance, if
pornographic pictures are rated as highly sexually arousing. .................................................. 95

Figure 9
Demonstration of moderated regression analysis' results with the IGT net score as dependent
variable. Participants reporting “low sexual arousal” show no difference between the
experimental task conditions. Individuals reporting “high sexual arousal” reach a lower net
score in the modified IGT with sexual pictures on the disadvantageous card decks A and B
and a higher net score in the IGT version with sexual pictures on the advantageous card decks
C and D................................................................................................................................... 117

Figure 10
Model of specific pathological Internet use, e.g. cybersex addiction. Individuals predefined by
psychopathology and a specific predisposition (e.g. for sexual excitation) receive strong
gratification from cybersex. Positive reinforcement as learning mechanism is proposed to be
the main mechanism of development and maintenance of cybersex addiction. .................... 135

Figure 11
Postulated model of generalized pathological Internet use. Individuals predefined by
psychopathology, social isolation and loneliness as well as by dysfunctional personality facets
use the Internet as dysfunctional coping mechanism. Due to being negatively reinforced by
the Internet, a generalized pathological Internet use develops. .............................................. 136

173
10. Erklärung über die eigenständige Verfassung der vorgelegten Dissertation

Hiermit versichere ich, dass die vorgelegte Dissertation gemäß §9 der Promotionsordnung
der Fakultät für Ingenieurwissenschaften der Universität Duisburg-Essen vom 9. Juni 2009
eine selbstständig durchgeführte und eigenständig verfasste Forschungsleistung darstellt und
ich keine anderen als die angegebenen Hilfsmittel und Quellen benutzt habe. Die Arbeit hat
weder in gleicher noch in ähnlicher Form einem anderen Prüfungsausschuss vorgelegen.

Datum ______________________ Christian Laier, Dipl.-Psych. ______________________

