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Abstract 

Many theories of human sexual behaviour assume that sexual stimuli obtain 

arousing properties through associative learning processes. It is widely accepted 

that classical conditioning contributes to the aetiology of both normal and 

maladaptive human behaviours. Despite the hypothesized importance of basic 

learning processes in sexual behaviour, research on classical conditioning of the 

sexual response in humans is scarce. In the present paper, animal studies and 

studies in humans on the role of Pavlovian conditioning on sexual responses 

are reviewed. Animal research shows robust, direct effects of conditioning 

processes on partner- and place preference. On the contrast, the empirical 

research with humans in this area is limited and earlier studies within this field 

are plagued by methodological confounds. Although recent experimental 

demonstrations of human sexual conditioning are neither numerous nor robust, 

sexual arousal showed to be conditionable in both men and women. The 

present paper serves to highlight the major empirical findings and to renew the 

insight in how stimuli can acquire sexually arousing value. Hereby also related 

neurobiological processes in reward learning are discussed. Finally, the 

connections between animal and human research on the conditionability of 

sexual responses are discussed, and suggestions for future directions in human 

research are given. 
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2.1. Introduction 

It is widely accepted that associative learning contributes to the aetiology of 

both normal and maladaptive human behaviours (Day & Carelli, 2007). 

Psychopathology and deviant sexual preferences and behaviours are also 

thought to develop through conditioning processes (Letourneau & 

O’Donohue, 1997; Ågmo et al., 2004; Martin-Soelch et al., 2007; Pfaus, 

1999a,b; Singer & Toates, 1987; Toates, 2009). Knowledge about basic learning 

processes involved in sexual behaviours, can help foster potentially critical 

insights in the aetiology of extreme forms of sexual behaviour. This may help in 

the development of clinical treatments for those behaviours, including 

paraphilias, or deviant sexual preferences, that manifest perturbed motivation, 

but also for the more prevalent sexual desire and arousal disorders. Because 

much sexual behaviour is thought to be acquired through learning, and given 

the specific hypothesis that classical conditioning plays an etiological role in the 

development of sexual dysfunction, research in the area of classical 

conditioning of human sexual arousal is warranted. Despite the hypothesized 

importance of basic learning processes in sexual behaviour, research of classical 

conditioning of sexual response in humans is scarce (Akins, 2004; Pfaus et al., 

2001). Sexual conditioning studies with women are even scarcer in the 

literature. In the present paper, we will discuss the studies that provide evidence 

for basic sexual learning and conditioning processes in sexual arousal, desire 

and behaviour, and focus especially on how stimuli can acquire sexually 

arousing properties.  

 According to incentive motivation models, sexual motivation is the 

result of the interplay of a sensitive internal sexual system with external 

motivational stimuli. External stimuli that can promote motivation are called 

incentive stimuli (Ågmo, 1999; Bindra, 1968, 1974; Both et al., 2007; Singer & 

Toates, 1987). Sexual incentives are generally positive, and likely to illicit 

approach behaviour. The motivational valence can be unconditioned (primary) 
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or conditioned (secondary) as a result of associative leaning (Di Chiara, 1995). 

Some stimuli, e.g. stroking or kissing may be innately sexually competent, but 

many sexual stimuli are not intrinsically sexually competent. The attractiveness 

of those stimuli depends on their history of positive or negative consequences 

and the resulting meaning that is stored in memory. Specific cues of sexually 

competent stimuli may gain learned incentive value through their association 

with the stimulus. While conditioned learning is not the only way in which 

humans acquire certain sexual behaviours, these processes represent an 

essential link between stimulus and response (Toates, 1998), and can be point 

of intervention in the treatment of disorders in sexual behaviour. Therefore, it 

seems highly valuable to gain insight in the processes through which stimuli 

may acquire sexual motivational value. Despite the overall consensus that 

learning plays an essential role in sexual development and the expression of 

sexual activity, sexual learning has only recently been tied into a more general 

framework of incentive motivation theory. Over the last decade, clinical and 

empirical support for the incentive-motivation model of desire has accumulated 

and the model is now incorporated into the current operational definition of 

sexual desire disorder in the DSM-5 (Brotto, 2010). This, combined with the 

fact that the model of incentive motivation was developed primarily with 

reference to research in nonhumans (Toates, 2009; Pfaus et al., 2001) makes 

clear that there is a need for an overview of the integration and extension of 

this theory with a focus on recent human sex research. Thereby, an attempt is 

made to form links between the processes described in the incentive motivation 

model and the proposed human brain regions involved.  

 First, we briefly discuss the different forms of conditioning and the 

associated neural systems. Further insights in associative learning by looking 

closely at the neural pathways involved in these processes have identified 

different brain regions and neurotransmitter systems involved in conditioned 

learning. Especially, dopaminergic terminations in the basal forebrain foster 
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sexual arousal and sexual motivation and seem to play a major role in reward 

learning (Di Chiara, 1999; Dominguez & Hull, 2005; Hull et al., 2004). Gaining 

knowledge about the functional neurobiology underlying human sexual 

behaviour is important, as this may lead to understanding of functions that 

apply to the most primitive aspects of human mental functioning. Thereby, it 

may also offer an opportunity for intervention. Although the involvement of 

other neurotransmitter systems such as the serotonergic, endorphin, and 

glutamate system in sexual behaviour have been reported, the current article 

primarily focuses on the dopaminergic system. Further on, we briefly review the 

literature on appetitive and aversive conditioning of the sexual response in 

animal studies. Mainly results from rat studies will be discussed, but when 

relevant, studies with other rodents, avian species, nonhuman primates and 

even fish will be discussed. Subsequently, the literature of sexual conditioning 

in humans is reviewed. In that section we will first discuss literature on the 

conditioning of the male sexual response, after which we will discuss the 

research conducted so far on the conditioning of the female sexual response. 

We will conclude with a discussion and suggestions for future directions. But 

first, for a thorough understanding, we will outline the different forms of 

conditioning and the related basic learning phenomena in the following section. 

 

2.2. Basic learning processes 

Why include basic learning mechanisms in an understanding of the 

neurobiology of sexual behaviour? From an evolutionary perspective, the 

development of sexual learning mechanisms is thought to offer some 

reproductive advantage and modulate reproductive fitness. This has indeed 

been shown by several  animal studies. For instance, classical-conditioned male 

quail subjects released greater volume of semen and greater numbers of 

spermatozoa than control subjects (Domjan et al., 1998). Second, in blue 

gourami fish, classical conditioning provides the means to enhance territorial 
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defence and yields large reproductive benefits (Hollis et al., 1997). Classical-

conditioned males are able to spawn with females sooner and produce more 

young than males that do not have the benefit of a signal. These examples 

demonstrated that animals can learn to associate environmental cues with the 

appearance of biologically  important events. More important, the ability to 

anticipate the appearance of such different biologically important events 

suggests that learning principles may play a significant role in the behavioural 

ecology of all kinds of animals. 

 

2.2.1. Habituation, sensitization, generalization and discrimination 

Habituation is a systematic decrease in the magnitude of a response upon 

repeated presentations of an eliciting stimulus. This decrement is not due to 

fatigue or receptor adaption (Thompson & Spencer, 1966). Sensitization, in 

contrast, is the progressive amplification of a response after repeated 

administrations of a stimulus. An important characteristic of habituation is that 

it is stimulus-specific. For example, a habituated response can occur for the 

sound of a barking dog, without affecting the magnitude of the response to the 

sound of a slamming door. Yet, a transfer of habituation from one stimulus to a 

new, but equivalent stimulus is possible. This transfer and other transfers of the 

effects of conditioning to similar stimuli in general are covered by the term 

generalization. The amount of generalization depends on the degree of 

similarity between the stimuli (Mazur, 2002). The opposite of generalization is 

discrimination, in which it is learned only to respond to one stimulus but not to 

a similar stimulus. The degree of habituation depends on multiple factors such 

as frequency of stimulation, stimulus duration, stimulus intensity and the 

number of previous habituation trials (O’Donohue & Geer, 1985). In male 

animal subjects, a habituation-like phenomenon is detected when repeated 

copulations reduce sexual interest in a familiar female partner, but introduction 

of a novel receptive female sometimes results in recovery of the sexual 
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behaviour (Domjan & Hollis, 1988). Second, several researchers have reported 

findings that support short-term habituation of sexual arousal in humans 

(Koukounas & Over, 1993; Meuwissen & Over, 1990). Habituation effects can 

both be temporary as they can be retained for very short periods of time and be 

of a long term character. Recovery of the initial response can be observed after 

a longer time course. We will discuss this phenomenon of recovery in more 

detail later. 

 

2.2.2. Classical conditioning 

Classical conditioning or also called Pavlovian conditioning is one of the most 

studied paradigms in behavioural psychology and has a long and distinguished 

history dating back to pioneers in this field like Pavlov, Thorndike and Skinner. 

This form of associative learning has been demonstrated in a wide range of 

species and response systems (Hollis, 1997; Turkkan, 1989). Pavlovian 

responses, mainly involving approach and withdrawal, are elicited by the 

appetitive or aversive valence associated with predictive stimuli (Bouton, 2006). 

Biological relevant outcomes such as food can be labelled as unconditioned 

stimuli (US), because they are able to evoke innate or unconditioned responses 

(UR), such as salvation, approach and consumption (Pavlov, 1927). Through 

the repeated associating of a neutral stimulus (NS) with an US, the NS will 

eventually trigger the same reaction as the US (Pavlov, 1927; Bindra, 1974; 

Mazur, 2002; Pfaus et al., 2001). For instance, research has shown that in a 

‘triad mating paradigm’ with two sexually receptive females, male rats trained 

previously to associate a neutral odour (almond or lemon) with sexual activity 

ejaculated preferentially with females bearing that odour (Pfaus, 1999a,b). The 

NS is now called the conditioned stimulus (CS) and the reaction to the CS is 

called the conditioned response (CR). According to classical models of learning, 

CS-US pairing causes the CS to become an ‘emotional substitute’ for the US. 
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Subsequently, the CS ultimately elicits similar emotional responses as the US 

does (Blair et al., 2005).  

 

2.2.3. Basic principles of classical conditioning 

Contiguity, contingency and prediction error are three factors that govern 

classical conditioning (Mazur, 2002; for a review see Schultz, 2006). Contiguity 

refers to the requirement of near simultaneity, which means that a US needs to 

follow a CS or response by an optimal interval of time. Contingency refers to 

the requirement that a US needs to occur more frequently in the presence of a 

stimulus as compared with its absence. Furthermore, conditioning will only 

occur when the CS is predictive of something important, such as an upcoming 

reward or shock. Prediction error postulates that even when it occurs in a 

contiguous and contingent manner, a reward that is fully predicted does not 

contribute to the process of learning. This means that learning advances only to 

the extent to which a reinforcer is unpredicted and the process of learning 

slows as the reinforcer becomes more predicted. Furthermore in extinction 

learning, the CS is no longer paired with the US, so conditioned behaviour 

diminishes (Delamater, 2004; Mazur, 2002; Schultz, 2006). As a result, the 

ability of the CS to evoke the CR is decreased. However, extinction does not 

result in complete unlearning of the CS-US association (Bouton, 2004; 

Delamater, 2004; Mazur, 2002; Rescorla, 2001). Phenomena like reinstatement, 

spontaneous recovery and renewal of conditioned responding can occur 

following a context shift out of the extinction context. Reinstatement is the 

restoration of CR in the context where extinction training occurred but not in a 

different context after an US is presented again. Renewal is the restoration of 

the CR in context A but not in context B when learning occurred in context A 

and extinction in context B, and spontaneous recovery can be described as the 

restoration of the CR when the retention test occurs after a long but not a short 

delay after extinction training. Extrapolating to clinical practice, someone who 
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acquired a craving for internet-sex at home (context A) is successfully 

extinguished by cue exposure therapy in a therapeutic setting (Context B), may 

experience strong craving upon changing context such as sitting behind the 

computer at home (Context A) or a different computer in a new situation 

(Context C). So it appears that specific CS-US associations are preserved after 

an extinction treatment. Moreover, extinction procedures seem to result in new 

learning that is especially context-dependent (Bouton, 2004) and this can be 

formulated in terms of the formation of an inhibitory association between the 

CS and the former CR (Delamater, 2004).  

 Furthermore, not all stimuli will result in equally rapid learning. This 

brings us to the phenomenon of preparedness. The fundament for the 

assumption of preparedness comes from Seligman (1970), who in the context 

of fear learning suggested that primates are predisposed to condition fear more 

readily to stimuli related to recurrent survival threats than to stimuli that never 

have threatened survival or to fear-relevant stimuli that emerged only recently 

in our evolutionary history. As with prepared associations for the module of 

fear, one can postulate that this principle also accounts for appetitive modules, 

like that of sexual arousal. It has been hypothesized that humans indeed are 

born with sensitivity to what we call sexual stimuli (Everaerd et al., 2000; 

Janssen et al., 2000) and may be prepared to form particular associations 

between stimuli and sexual arousal (Laws & Marshall, 1990). For example, an 

abdomen of the opposite sex has more sexual relevance than a penny jar for 

instance, and should therefore become more easily associated with sexual 

arousal. The theory further proposes that prepared associations should be easy 

to acquire and also obey different laws of learning than do nonprepared 

associations. Prepared associations will be more resistant to extinction relative 

to nonprepared associations and are less influenced by rational or cognitive 

input (Seligman & Hager, 1972; Öhman & Mineka, 2001). Although an 

extensive and critical discussion of the literature on preparedness is beyond the 
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scope of this article, it is worth mentioning that alternative theories to explain 

resistance to extinction have arisen. Lovibond et al. (1993) proposed an 

alternative theory of selective sensitization, where a pre-existing response 

tendency is activated by a perceived threat. The interpretation of the studies by 

Mineka and colleagues has also been questioned by Davey (1995), who suggests 

that the readiness with which some stimuli become associated with aversive 

outcomes arises from biases in the processing of information about threatening 

stimuli rather than from phylogenetically based associative predispositions. 

Nevertheless, despite these critiques, the preparedness theory is still widely 

accepted as a valid account of the aetiology of fears and phobias. Concerning 

sexual learning, the theory would imply sexual relevant cues to become more 

easily associated with sexual arousal, and thereby prepared sexual associations 

will be more resistant to extinction. 

 

2.2.4. Operant conditioning 

The learning processes in classical conditioning are centred on the contingency 

between two stimuli, whereas those involved in operant conditioning are 

centred on the contingency between a stimulus and a response. However, 

despite these differences, it is not always easy to distinguish whether classical or 

operant responses are being observed in an experimental situation. The central 

mechanism underlying the mechanism of operant conditioning, also referred to 

as instrumental conditioning, is reinforcement, and was introduced by Skinner 

(1937). In operant conditioning an organism learns a new motor response in 

order to obtain a positive outcome (e.g. food, mating opportunities or the 

avoidance of pain). For instance, male rats can be taught to run from level to 

level in bilevel chambers in anticipation of receiving access to a receptive 

female (Pfaus et al., 1990). Operant conditioning focuses on changes in the 

frequency of (goal-directed) behaviour, resulting from its association with 

reinforcing or punishing consequences. Reinforcing stimuli, such as rewards, 
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have the power to enhance the probability of occurrence of a response. This 

means that rewarding stimuli or events can reinforce behaviours by 

strengthening associations between stimuli and behavioural responses and 

Thorndike (1911) described this as ‘Law of Effect’: the greater the satisfaction 

or discomfort, the greater the strengthening or weakening of the association. 

 

2.2.5. Rewards and reinforcers 

Although the terms reward and reinforcement are frequently used 

interchangeably, it should be mentioned that both are clearly different. 

Something that is reinforcing is not necessarily rewarding (Di Chiara, 1995, 

1999). From a purely behaviourist point of view, and as described before, 

reinforcement refers to an increase in the probability of a response (Paredes, 

2009). This increase can be associated with the introduction of an appetitive 

stimulus or with removal of an aversive one. Secondly, it can be measured as 

the strength of a behavioural response (Berridge & Robinson, 1998). Punishers 

act as reinforcers by increasing behaviour that result in decreasing the aversive 

outcome. In general, reinforcers are stimuli that strengthen the association of 

events to which they are contingent. In contrast, reward refers to the ability to 

elicit an approach behaviour, similar to incentive motivation. And to be 

complete, an incentive can be defined as any stimulus that activates approach 

behaviour (Schultz et al., 1997). Aversive environmental stimuli, such as loud 

noises or painful shocks, have opposite valence to reward and induce 

withdrawal behaviour (Schultz, 2006). They act as reinforcers by increasing and 

maintaining avoidance behaviour on repeated presentation, thereby reducing 

the level of danger or impact of damaging events. Furthermore, aversive stimuli 

or events induce emotional states of anger, fear and panic. Food, water and 

certain kinds of sexual stimulation are called primary rewards, because they do 

not require associative learning processes as they can reinforce behaviour (Di 
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Chiara, 1999; Schultz, 2006; Wise, 2002). On the contrary stimuli like money 

gain their reward value by learned associations with primary rewards. 

 

2.2.6. Incentive motivation and associative learning in sexual behaviour 

Within the incentive motivational framework (Bindra, 1974; Robinson & 

Berridge, 2003; Toates, 2009), incentives that predict sexual reward can elicit a 

conditioned appetitive motivational state, reflected in sexual arousal and sexual 

desire. Common to most theories on sexual functioning is the assumption that 

sexual behaviour is intrinsically rewarding or reinforcing (Ågmo, 1999; 

O’Donohue & Plaud, 1994; Woodson, 2002). Especially ejaculation or orgasm, 

can be seen as primary rewards, and therefore can reinforce learning processes 

(Ågmo et al., 2004; Tenk et al., 2009). The positive affect produced by sexual 

encounters can become associated to environmental stimuli, and consequently, 

these stimuli can become conditioned sexual incentives and thereby come to 

elicit sexually relevant responses. The strength of the conditioning will be 

enhanced by repeated exposure to the specific stimuli while experiencing sexual 

reward. However, when expected rewards are absent this may have aversive 

consequences, which may become associated to environmental stimuli resulting 

in a decrease in responding or approach behaviour (Ågmo et al., 2004). 

Consequently, the quantity and quality of incentives that are able to activate the 

sexual system depend on the individual’s sexual learning history and varies 

between individuals. For instance, some individuals may never form 

associations between sexually rewarding experiences and stimuli or only to a 

limited amount, in which case there will be a limited number of incentives that 

can activate sexual arousal and desire. Under other conditions, there may be a 

history of strong and frequent associations, resulting in a large number of 

stimuli that can elicit sexual arousal and desire. Also, associations may occur in 

conjunction with deviant stimuli and lead to a paraphilia (Geer et al., 1993; 

Toates, 2009). 
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2.3. Neurobiological processes in reward 

 

2.3.1. The reward system 

The first authors to describe brain reward pathways were Olds and Milner 

(1954). They observed that when they placed electrodes in certain brain areas of 

rats, these rats proceeded to active self-stimulation of these brain areas. Since 

then, a substantial amount of research has found a common pattern of 

activation in brain areas that respond to diverse rewarding stimuli. Both animal 

studies and human studies have shown that rewards like food, sex and drugs, 

have the ability to stimulate the mesoaccumbens dopamine projection within 

different brain areas and increase extracellular concentrations of mesolimbic 

dopamine (DA) (Arana et al., 2003; Di Chiara, 1998; Di Chiara, 1999; Giuliano 

& Allard, 2001; Hyman et al., 2006; Kalivas & Nakamura, 1999; Pierce & 

Kumaresan, 2006; Schultz et al., 1997, 2000; Schultz, 2006; Volkow et al., 2002; 

Damsma et al., 1992; Richard et al., 2012). Whereas DA responses distinguish 

rewards from non-rewards, DA neurons apparently do not discriminate 

between different sorts of reward like objects, food or liquid reward (Schultz, 

2002). Although it is interesting to note that they do distinguish between a less-

than-expected punishment and a greater-than-expected reward (Fiorillo, 2013). 

The observation that DA neurons are activated by all sorts of rewards has led 

to the hypothesis that the brain may process rewards along a single final 

common pathway in the form of a kind of common neural currency (Fields et 

al., 2007; McClure et al., 2004). The circuits involved in this process have been 

called the brain reward system. It is suggested that the reward pathway can be 

divided into two parts, i.e. the opioid (‘liking’) system and the dopaminergic 

(‘wanting’) system (Berridge, 1996; Di Chiara, 1995, 1998; Zhang & Kelley, 

1997, 2000). Whereas the opioid system is associated with satisfying 

consummatory aspects of reward (e.g. blissfulness, sedation), the dopaminergic 

system is associated with the incentive and acquisition aspect of reward 
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(Berridge, 2007a,b; Di Chiara & North, 1992; Wightman & Robinson, 2002; 

Wise, 2002). The human brain has an exquisite sensitivity to signals for reward, 

by activation of this mesolimbic and mesocortical reward circuitry (Adinoff, 

2004; Di Chiara, 1995, 1999; Koob, 2000; Schultz, 2000). The dopaminergic 

mesolimbic and mesocortical pathways originate with dopaminergic cell bodies 

in the ventral tegmental area (VTA) (Fields et al., 2007; Koob, 2000; Tanaka et 

al., 2004; Robbins & Everitt, 1996). This dopamine-rich nucleus is located in 

the midbrain, medial to the dopamine-rich substantia nigra and ventral to the 

red nucleus. The dopaminergic axons most extensively project to the nucleus 

accumbens (NAc), but also extend to other brain structures, like the septum, 

amygdale, prefrontal cortex (PFC), hippocampus and certain parts of the 

thalamus (Adinoff, 2004; Berke & Hymann, 2000; Di Chiara, 1995; Fields et al., 

2007; Koob, 2000; McClure et al., 2004). The projection from the VTA to the 

NAc is the richest in DA neurons and is 65–85% dopaminergic (Fields et al., 

2007). The DA system assigns incentive salience to percepts and 

representations (Berridge, 1996). In this way DA causes an event or 

environmental stimulus to become attractive and ‘wanted’, which can 

subsequently mediate approach behaviour.  

 Whereas DA in the NAc enhances motivation, DA in the lateral 

hypothalamus (LH) inhibits motivated behaviours (Parada et al., 1995; Hull, 

2011). Research with rats with excitotoxic lesions of the lateral hypothalamic 

area and NAc revealed that the LH plays an inhibitory role in the regulation of 

sexual arousal and an excitatory role in the regulation of ejaculation. The NAc 

was found to play an excitatory role in the regulation of sexual arousal (Kippin 

et al., 2004). Research with female rats has shown that mesolimbic DA neurons 

that terminate in the NAc can be modulated in vivo by estrogen and that this 

modulation may be mediated by both genomic (long term) and nongenomic 

(short term) mechanisms (Thompson & Moss, 1994). Moreover, testosterone 

facilitates copulation in male rats by increasing neuronal nitric oxide synthase 
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immunoreactivity in the medial preoptic area (mPOA) of the hypothalamus, 

which in turn increases both basal and female stimulated DA release (Hull et 

al., 1995; Hull et al., 1997; Putnam et al., 2003). Glutamate is also released in the 

mPOA during copulation, and glutamate, acting via NMDA receptors and 

calcium inflow, may increase nitric oxide, and thereby DA release (Hull, 2011). 

In addition, research has demonstrated interactions between glutamate and 

gonadal steroids in the regulation of limbic and hypothalamic functions (Diano 

et al., 1997). This mechanism seems to be gender and site specific, suggesting 

that excitatory neurotransmission and related physiological mechanisms also 

may be distinctly different in males and females (Diano et al., 1997; Orsini, 

1985).  

Despite little is known about hormonal influence on the DA reward 

system in humans, research has demonstrated sex differences in striatal DA 

release in healthy men and women (Munro et al., 2006; Riccardi et al., 2006, 

2011). For instance, Munro et al. (2006) demonstrated greater DA release in 

men compared to women after amphetamine administration in the ventral 

striatum, anterior putamen, and anterior and posterior caudate nuclei, whereas 

other researchers found greater DA release in extrastriatal areas in a similar 

study (Riccardi et al., 2006). Variations in dopamine-related genes and in 

hormone levels affect the physiological properties of the DA system in 

nonhuman primates and modulate the processing of reward and social 

information in humans (Caldú & Dreher, 2007). For instance, it is suggested 

that testosterone regulates incentive sensitivity through interactions with 

mesolimbic DA pathways (Wood, 2008; Hermans et al., 2010). And second, 

some observed sex differences in response to stimulants are in large part due to 

the fluctuations in estrogen and progesterone that occur over the female 

reproductive cycle. For example, several of the positive subjective effects of 

amphetamine (e.g. euphoria and increased energy) are potentiated during the 

follicular phase relative to the luteal phase (Justice & de Wit, 1999). These 
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findings help in the understanding of the biological mechanisms underpinning 

addictive behaviours and how these differentially affect vulnerability to drug 

abuse or the development of sexual dysfunctions in men and women. 

 

2.3.2. The reward system in sexual behaviour 

A number of investigations in humans using fMRI technique have consistently 

shown that sexual stimuli evoke neuronal activity in the reward system 

(Garavan et al., 2000; Park et al., 2001; Karama et al., 2002; Hamann et al., 

2004). Using different techniques, studies have detected overlapping activation 

patterns across multiple  brain regions (Fonteille & Stoleru, 2010), including 

ventral striatal regions involved in reward in both men and women in reaction 

to visual sexual stimuli (Hamann et al., 2004; Park et al., 2001; Ponseti et al., 

2006; Stóleru et al., 1999; for a review see Rupp & Wallen, 2008) or during 

ejaculation or feelings of orgasm (Georgiadis et al., 2009; Holstege et al., 2003; 

Komisaruk et al., 2004; Komisaruk & Whipple, 2005; McClure et al., 2004). In 

the imaging study by Walter and colleagues (Walter et al., 2008) patterns of 

differential activation between several regions related to a brain network of 

sexual arousal were compared. They demonstrated that activations in the 

ventral striatum and hypothalamus were related to stimulus specific sexual 

intensity, and independent of induced general emotional arousal or valence. 

Activations in the anterior cingulate cortex were associated with an interaction 

between sexual intensity and emotional valence. Recent studies using high 

resolution fMRI indicated extension of this network to thalamic nuclei 

(Metzger et al., 2013). Studies on brain activation during orgasm (Georgiadis et 

al., 2009; Hamann et al., 2004; Karama et al., 2002;  Holstege et al., 2003) show 

activation in the region of the VTA and NAc, suggesting they have a role in 

mediating orgasmic pleasure in humans. These findings presumably represent 

an anatomical  substrate for the strongly reinforcing nature of sexual activity in 

humans. The ability of sexual behaviour, especially orgasm and ejaculation, to 
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increase the concentration of DA in the NAc is considered to be crucial to their 

reinforcing effects (for reviews see Berke & Hymann, 2000; Di Chiara, 1999; 

Volkow et al., 2002).  

 Furthermore, results from a study in our laboratory support the view 

that DA is involved in the energetic aspects of appetitive sexual behaviour, at 

least in men (Both et al., 2005). It was  found that levodopa facilitates early 

motor preparation – as measured with reflex modulation – in response to 

sexual stimuli. And a more recent fMRI-study from our lab (Oei et al., 2012) 

provides compelling evidence for a mediating role of DA in processing of 

subconscious perceived sexual stimuli. It was found in healthy young men that 

levodopa significantly enhanced the activation in the NAc and dorsal anterior 

cingulate cortex in response to subliminal sexual stimuli, whereas haloperidol (a 

DA antagonist) decreased activations in those areas. This first evidence for 

pharmacological modulation of implicit sexual reward processing, points at the 

possibility for DA to affect sexual motivation at its earliest onset, that is, 

outside awareness. But as these results only apply for men, further studies are 

warranted to investigate the role of DA in female sexual behaviour. 

 There is agreement in the literature that androgens play a conditional 

role in sexual responsiveness (Bancroft, 2009), and from studies in rats there is 

evidence for an interaction between sex steroids and DA in the control of 

sexual behaviour (Hull et al., 1999). Gonadal steroids regulate dopaminergic 

innervation in both hypothalamic and extra-hypothalamic structures at various 

developmental stages in male rats (Hull et al., 2004). Moreover, there is a 

remarkable consistency across species in the role that the mPOA plays in the 

orchestration of consummatory sexual responses (Bancroft, 1999). In female 

rats, estradiol increases oxytocin levels and release in the mPOA stimulating the 

lordosis reflex (Caldwell and Moe, 1999). Moreover, research supports the 

hypothesis that a rise in DA in the mPOA is specifically related to sexual 

motivation in males as compared to copulatory behaviour per se (Hull et al., 
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1995; Kleitz-Nelson et al., 2010a,b). Although, it appears that testosterone is 

necessary for mPOA DA release during male copulatory behaviour and for 

mating itself, testosterone alone does not elicit DA in mPOA (Wood & Swann, 

1999). Research suggests that testosterone creates a permissive environment 

that allows external sensory stimuli to induce mPOA DA release during 

copulation (Dominguez et al., 2001; Dominguez & Hull, 2001). In line with 

this, studies in humans have shown that high levels of testosterone are 

associated with reward sensitivity, and it is suggested that testosterone regulates 

incentive sensitivity through interactions with mesolimbic DA pathways 

(Wood, 2008; Hermans et al., 2010). 

 

2.4. Associative learning and DA 

Considerable evidence exists regarding the role of DA in memory and learning 

(Berke & Hymann, 2000; Di Chiara, 1995, 1999). Research has shown that DA 

activity is associated with responses to novel stimuli; encoding reward function; 

error detection signalling during the acquisition of new learning; and approach 

behaviour and incentive motivation (Schultz, 1998; Schultz et al., 1997; 

Montague et al., 2004; Schultz, 2002). There is substantial evidence suggesting 

that mesolimbic DA plays a critical role in the interpretation of stimuli and the 

acquisition of behaviours reinforced by rewarding stimuli (Adinoff, 2004; 

Kirsch et al., 2003; Di Chiara, 1995, 1999; Koob & Bloom, 1988; Schultz, 

1998). For instance, neurons in the VTA contribute to both positive 

reinforcement and to the acquisition and expression of learned appetitive 

behaviours (Everitt & Robbins, 2005; Fields et al., 2007; Kalivas & Volkow, 

2005; Schultz, 2002; Wise, 2002). Also, conditioning of an otherwise neutral 

stimulus by repeated association with a certain stimulus can be reinforced by 

stimulation of DA transmission (Di Chiara, 1995; Schultz, 2002).  

 As mentioned before, incentive salience transforms the neural 

representations of conditioned stimuli, converting an event or stimulus from a 
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neutral representation into an attractive and ‘wanted’ incentive (Berridge & 

Robinson, 1998; Berridge, 2007a,b). Subsequently, learning hypotheses posit 

that DA neurons mediate associative learning and expectations based on 

previous experience with a stimulus. In order to connect the learned predictive 

significance of a cue with appropriate responses, storage of specific patterns of 

information within the brain is required. As a result, internal representations of 

the reward-related stimulus and series of cue-related action sequences are 

stored in memory. Furthermore, behavioural responses can increase with 

repeated exposure to a rewarding stimulus (Kalivas & Stewart, 1991), because 

strengthening of stimulus-response and stimulus-reward associations sensitize 

the mesolimbic pathways (Di Chiara, 1999). This sensitization has been 

proposed as a central neural mechanism underlying addiction disorders 

(Robinson & Berridge, 2003; Hyman et al., 2006). When drugs or natural 

rewards evoke an increased DA release from the VTA into the NAc, this 

further alters the responsiveness to glutamate. The VTA and NAc receive 

extensive glutamatergic inputs from the prefrontal cortex and other brain areas. 

These excitatory inputs are considered crucial for establishing addictive and 

other motivated behaviours (Chen et al., 2010). CREB (cAMP response 

element-binding protein) is a nuclear transcription factor, involved in the 

development of addictive behaviours (Wise & Morales, 2010; Nestler, 2001). In 

response to ingestion of drugs or in response to natural rewards, the DA levels 

especially in the NAc rise. This stimulates DA-responsive cells to enhance 

cyclic AMP (cAMP) concentrations, thereby activating CREB. CREB generates 

a specific gene expression that codes proteins. One of these CREB-dependent 

proteins is dynorphin. Dynorphin is synthesized in the NAc and is a natural 

molecule with opium-like effects. It triggers a negative feedback loop, exerting 

inhibitory effects on VTA neurons. But since CREB is switched off only 

shortly after drug consumption has ended, this transcription factor may not be 

responsible for relapse in chronic substance abuse or other addictive behaviour 
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(Esch & Stefano, 2004). Delta FosB is another transcription factor that exerts 

its functions in response to chronic drug abuse and is also released in NAc. 

Interestingly, delta FosB is also induced in response to repetitious non-drug 

rewards. For this reason, it is suggested that delta FosB represent a more 

general mechanism participating in reward-associated behaviour change. Delta 

FosB remains active for a very long period following drug ingestion or 

following natural rewards and therefore delta FosB may cause sensitization to 

drugs or natural rewards (Kelz et al., 1999; Nestler, 2001). Delta FosB exerts its 

effects on behaviour through the AMPA (-amino-3-hydroxy-5-methylisoxazole-

4-propionic acid) glutamate receptor subunit GluR2 in the NAc. In addition, 

research has demonstrated that the LH facilitates glutamate-mediated 

responses, and regulates the glutamate-dependent long-term potentiation in 

VTA DA neurons. Orexins (or hypocretins) are neuropeptides made 

exclusively in the hypothalamus. Research has shown that a subset of these cells 

in the LH is involved in reward processing and addictive behaviours. Orexin-

containing neurons from the LH project densely to the VTA (Borgland et al., 

2008). Orexin facilitates activation of VTA DA neurons by stimulus-reward 

associations. This LH-VTA orexin pathway was found to be necessary for 

learning a morphine place preference. These findings are consistent with results 

showing that orexin facilitates glutamate-mediated responses, and is necessary 

for glutamate-dependent long-term potentiation in VTA DA neurons. Since 

LH orexin cells are an important input to VTA for behavioural effects 

associated with reward-paired stimuli, LH orexin neurons are thought to play 

an important role in reward processing and the development of addictive 

behaviours (Aston-Jones et al., 2010; Harris & Aston-Jones, 2006; Harris et al., 

2005). In addition, gonadal steroids possibly differentially regulate pituitary 

orexin receptors and adrenal orexin receptors in male and female rats and may 

therefore contribute to specific sex-dependent neuroendocrine and endocrine 

actions of orexins (Jöhren et al., 2003). Hull and co-workers (Muschkamp et al., 
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2007) suggest a model for the regulation of the orexin system by gonadal 

steroids, and VTA DA by the orexin system. It is suggested that estradiol, 

synthesized from gonadal testosterone by aromatase, acts on estrogen receptors 

containing neurons in the bed nucleus of the stria terminalis, mPOA, and LH. 

These structures project to hypothalamic orexin neurons. Orexin projections to 

VTA enhance midbrain DA neuronal activity during male sexual behaviour. 

This effect may be blocked by intra-LH infusions of serotonin that inhibit 

orexin activity, impairing sexual behaviour and NAc DA release. 

 

2.5. The role of learning in the sexual behaviour of animals 

 

2.5.1. Male studies 

CS-characteristics: Early studies on sexual learning employed arbitrary auditory 

and visual stimuli as CSs. When these cues are paired with the presentation of a 

member of the opposite sex or with the opportunity to copulate, a rapid 

acquisition of conditioned approach to the stimuli is found in male animal 

subjects (Farris, 1967; Hollis et al., 1989; Ågmo, 1999; Akins et al., 1994; Burns 

& Domjan, 1996; Domjan et al., 1986). For instance, Farris (1967) used a 

buzzer as CS and access to a live female quail as US to classically condition 

strutting (i.e. courting behaviour) in male quail. And in a study by Domjan et al. 

(1986) conditioned approach behaviour was observed using a red light bulb as 

CS prior to access to a female quail. Conditioned males approached and 

remained near the CS and had shorter copulatory latencies than control 

subjects.  

 Next to auditory or visual stimuli, odours can also serve as CS. A 

substantial amount of research has demonstrated that when neutral odours like 

almond or lemon, are paired with copulation, male rats develop a conditioned 

ejaculatory preference (CEP) for females bearing the olfactory cue associated 

with copulatory training (Ismail et al., 2009a,b; Kippin & Pfaus, 2001a,b; 
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Kippin et al., 1998, 2001). Also in nonhuman primates, conditioning of sexual 

arousal has been established making use of olfactory cues. Snowdon and 

colleagues (2011) successfully conditioned male marmosets to copulation with a 

sexually receptive female using an arbitrary olfactory cue (lemon odour) as CS. 

Post-conditioning, males showed sexual responses (erections, and increased 

exploration of the location where they previously experienced a receptive 

female, increased scratching) to the olfactory cue in absence of any cues from a 

female. The CRs were demonstrated even up to a week after the end of the 

conditioning trials.  

 Furthermore, research has demonstrated that places can also become 

associated with sexual encounters and may influence CRs in animals. Both male 

rats and quails develop a conditioned place preference (CPP) for an 

environment associated with copulation with a receptive female (Ågmo & 

Berenfeld, 1990; Paredes & Alonso, 1997; Akins, 1998; Everitt, 1990; Pfaus et 

al., 2001; Tenk et al., 2009). Furthermore, Sachs & Garinello (1978) 

demonstrated that when male rats were placed into the same chamber in which 

copulation had previously occurred, the latency to display penile erections was 

reduced dramatically. Another remarkable study was conducted by Pfaus et al. 

(2013), in which it was found that somatosensory stimuli can also be used to 

condition sexual arousal in male rats. Males displayed faster intromission and 

ejaculation latencies when they were tested with a harness jacket on, which they 

wore during prior sexual experience.  

 Pfaus and colleagues have demonstrated that the association with 

reward can also reduce the impact of aversive stimuli (Pfaus et al., 2001). They 

gave rats their first nine sexual experiences with either cadaverine-scented 

females, or unscented control females. Cadaverine is an aversive odour, which 

is produced in decaying flesh. Therefore, cadaverine is considered 

unconditionally aversive. A third group of males were habituated to the 

cadaverine odour in their home cages and copulation trials with unscented 
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females. During the 10th trial all males from the three groups were allowed to 

copulate freely with two receptive females: one scented with cadaverine and 

one unscented. Both males in the control group and from the habituation-

group pursued the unscented females selectively and ejaculated exclusively with 

them. In contrast, males that had copulated previously with cadaverine-scented 

females pursued, copulated, and ejaculated with both females. This indicates 

that the aversive properties of cadaverine had been diminished after pairing 

with sexual reward. This study demonstrated that an unconditionally aversive 

odour can be made less aversive and even conditionally appetitive by pairing 

with sexual reward.  

 CS-US similarity: Research has suggested that although arbitrary CSs 

such as auditory and visual stimuli appear to be effective CSs, more female-like 

CSs appear to elicit different CRs in male animals. In a study by Domjan et al. 

(1988) male quail acquired conditioned approach behaviour to both a yellow 

stuffed toy, and a female quail whose appearance had been altered by attaching 

bright feathers to her shoulders. However, only the female elicited conditioned 

copulatory responses. Furthermore, a CS that included species-typical cues 

affected the acquisition and extinction of conditioned sexual responses in male 

quail. Results suggest that conditioned responses toward sexually relevant CSs, 

in contrast to results obtained with arbitrary CSs, might be highly resistant to 

extinction in male quail. In line with former theories (Rescorla & Furrow, 

1977), Krause et al. (2003) suggested that CS-US similarity is an important 

factor in conditioning. 

 CS-US intervals: Zamble et al. (1986) demonstrated delay learning in a 

sexual conditioning paradigm. Rats were placed for different time spans in a 

plastic tub that served as CS. A female rat served as US and was separated from 

the male rat by a divider. The duration of CS-US intervals was manipulated. 

After conditioning, male rats demonstrated a longer ejaculatory latency 

irrespective of the duration of the CS-US interval, in comparison with 
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ejaculation latency prior to conditioning. Thus, sexual learning occurred at 

varying and relatively long CS-US intervals. In an attempt to replicate the study 

of Zamble and colleagues in an avian species, Akins et al. (1994) separated male 

quail subjects from the female’s smaller cage and used a grey foam block with 

bilaterally-attached orange feathers as CS. Quails receiving 0.5, 5 and 10 min 

CS-US intervals showed an increase in the percent time they spent near the CS. 

The results from this study were interpreted as evidence that also in avian 

species, sexually conditioned approach behaviour can occur with long CS-US 

intervals. Another noteworthy study by Villarreal and Domjan (1998) showed 

that even inconsistent pairing of a CS with sexual reward was able to elicit 

conditioned approach behaviour in male gerbils. In sum, even long CS-US 

intervals or inconsistent pairing of the CS with the US can result in sexual 

learning. 

 US Factors: Research has suggested that sexual learning can take place 

without permitting subjects to complete copulation (Hollis et al., 1989). Zamble 

et al. (1985) demonstrated conditioning in male rats that were permitted to 

intromit but not ejaculate. Second, they also found conditioning effects in male 

subjects when both intromission and ejaculation were precluded. Kippin and 

Pfaus (2001a,b) examined the copulatory components that comprised the US 

for the development of CEP. Male rats were allowed either multiple 

intromissions without ejaculation, single ejaculation, or multiple ejaculations 

with almond-scented females. Subsequently, copulatory preferences for an 

almond scented female or an unscented female were assessed. It was 

demonstrated that the development of CEP is dependent upon ejaculation with 

a scented female during the conditioning sessions. When male rats were not 

allowed to ejaculate during conditioning sessions, they did not demonstrate a 

preference. Moreover, the researchers demonstrated that the presence of the 

scented female following ejaculation is critical to the development of CEP in 

male rats. Moreover, they postulate that because the USs for CEP and USs for 
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conditioned sexual excitement are different, not all conditioning effects on 

sexual behaviour may involve the same US. Holloway and Domjan (1993) 

determined that completed copulation with a female quail was more effective 

than exposure to a female without copulation, but the latter also produced 

conditioned approach responding to the CS. Hilliard et al. (1998) devaluated 

the US by sexually satiating male quail. They found that consummatory 

responses (e.g. mount and cloacal contact) showed a stronger decline with 

sexual satiation, compared to appetitive responses (e.g. approach responses). 

 

2.5.1.1. Aversive conditioning studies 

Some studies have demonstrated that aversive conditioning can also influence 

sexual behaviour in animals. By the administration of lithium chloride (LiCl), 

copulation-illness associations can be induced. Reduced sexual motivation and 

longer intromission latencies are found when male rats and hamsters are 

injected with LiCl following copulation, or after exposure to estrous females 

(Ågmo, 2002; Peters, 1983; Johnston et al., 1978; Koch & Peters, 1987). 

Another study demonstrated that when domestic pony stallions are exposed to 

erection-contingent aversive conditioning with electric shocks, erection 

responses and attention to stimulus mares was suppressed (McDonnell et al., 

1985). On the contrary, other research has shown that the pairing of a CS with 

a painful shock can induce copulation in noncopulating male rats (Crowley et 

al., 1973). The researchers conditioned sexually inactive male rats to associate 

tones with electric shock to the flanks. Eventually, the tones were presented 

when males were in the presence of an estrous female. The tones induced 

copulation with extreme regularity and the authors attributed this finding to an 

arousal augmentation by the anticipation of pain. Earlier research already 

suggested that the sexual drive of male rats seemed to be augmented by the 

nonspecific arousal reaction associated with the shock. Barfield and Sachs 

(1968) administered electric shocks to the back of sexually experienced males 
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that were in the presence of an estrous female. The administration of a shock, 

compared against a control condition in which no shock was delivered, could 

facilitate sexual activity. Other research by Caggiula and Eibergen (1969) with 

sexually naïve rats revealed that shocks induced copulatory behaviour toward 

estrous females in nearly four times as many animals as in a no-shock control 

condition. Shocks could also induce copulatory behaviour toward other male 

rats or toward stuffed toy animals. Interestingly, other behaviours like feeding 

or drinking were not influenced by tail shocks. It seemed therefore that the 

facilitative effect of pain-induced arousal is limited to certain behaviour like 

sexual activity that is associated with high levels of activation.  

 

2.5.1.2. Reward system and dopamine receptor antagonism 

Animal studies support involvement of the mesolimbic dopaminergic systems 

in sexual conditioning. West et al. (1992) trained one group of male rats to 

associate novel odours with a sexually receptive female, and one group with an 

unreceptive female and another group of rats received no training. They found 

that pairing odours with the presentation of sexually receptive females 

enhanced the responsiveness of NAc neurons to those odours. This was even 

more pronounced in those animals that were allowed to ejaculate during 

training than in animals that were not. Kippin et al. (2003) examined the pattern 

of neural activation in rats as revealed by Fos immunoreactivity (Fos-IR) after 

exposure to either the neutral odour of almond, which was paired previously 

with copulation with a receptive female, estrous odours, or no odour. It was 

demonstrated that estrous and sexually conditioned odours were processed by 

distinct neural pathways, which both included the NAc core. The authors 

postulate this structure has a unique role in processing sexual stimuli.  

 The effect of DA in the expression of conditioned level changing in 

rats in bilevel chambers has been investigated by Pfaus and Phillips (1991). In a 

bilevel box procedure, the number of level changes of a male rat in anticipation 
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of a female is thought to reflect sexual motivation. Male rats in bilevel 

chambers normally display an increase in level changing in anticipation of the 

arrival of a sexually receptive female (Pfaus et al., 1990), but administration of a 

D1 or D2 receptor antagonist produces a decrease in frequency of conditioned 

level changing in male rats. Also infusions of Haloperidol in the NAc, 

anteriodorsal striatum and mPOA were investigated and only infusions into the 

NAc and medial preoptic area decreased conditioned level changing. 

Furthermore, López and Ettenberg (2002) investigated the role of DA in 

mediating the positive value and behaviourally activating effects of a sexually 

conditioned cue. They conditioned male rats to associate two neutral olfactory 

cues with copulation and social isolation respectively. The rats’ approach 

behaviour toward the scent was taken as an objective measure of its 

motivational value. Conditioned subjects were treated with different doses (0.0, 

0.075, 0.15 or 0.30 mg/kg) of haloperidol 45 minutes prior testing their 

motivation to approach either the CS+ or CS− scents. Their data revealed that 

an olfactory cue associated with sexual reward can become a conditioned 

incentive that is capable of eliciting approach behaviour. Secondly, they found 

evidence for a dopaminergic role in mediating these motivational effects, as 

control subjects given vehicle injections took significantly less time to approach 

the CS+ than an unscented goalbox. This decrease in run latency was not 

observed in subjects within the 0.075 and 0.15 mg/kg haloperidol groups. 

These results support the notion that sexual reward is a powerful mediator of 

incentive formation and enhancement, and such associations are mediated by 

DA functioning. 

 

2.5.2. Female studies 

In contrast to the large number of male studies on sexual behaviour, the 

number of studies on conditioning of female sexual arousal and sexual 

behaviour are less abundant. To the best of our knowledge, no empirical 
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research on aversive conditioning of the sexual response of female animals has 

been conducted, but several studies have addressed appetitive conditioning.  

 Gutiérrez and Domjan (1997) have shown that when a visual stimulus 

is consistently preceding the arrival of a male quail, females approach and 

remain near the CS. Research has shown that CPP also develops in female rats 

and hamsters, although more robust preferences are seen in males 

(Oldenburger et al., 1992; Paredes & Alonso, 1997; Paredes & Vasquez, 1999; 

Arzate et al., 2011). Research suggests that CPP in female rats may be stronger 

associated with paced, than with nonpaced mating (Paredes & Alonso, 1997). 

Female paced mating behaviour is the pattern of approach and withdrawal 

during sexual encounters or the opportunity for the female to escape. In 

nonpaced mating environments the male controls the tempo of sexual 

interactions and the female cannot escape from the testing environment 

(Erskine, 1989). Research has shown that paced copulation induces greater DA 

release in NAc and striatum in female rats compared with nonpaced copulation 

(Mermelstein & Becker, 1995). This increase in DA does not depend on the 

amount of vaginocervical stimulation received from the male, but on the 

amount of paced vaginocervical stimulation (Becker et al., 2001). Pacing is the 

critical factor for sexual rewards in the female rat, and only in paced-mating 

studies the willingness of a female rat to initiate and engage in sexual interaction 

is reflected, whereas this is not the case in non-paced studies. A study by Pfaus 

and colleagues (Coria-Avila et al., 2005) demonstrated conditioned partner 

preference in female rats for males scented with an arbitrary odour that had 

been paired with paced copulation. This study demonstrated that also in female 

rats, neutral odours can acquire sexual incentive value and modulate partner 

preference when paired with the rewarding effects of paced copulation. 

Subsequent studies by Pfaus and colleagues (Coria-Avila et al., 2006) 

demonstrated that even though female rats have an unconditioned preference 

to copulate with males of the same strain, this preference can be switched 
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toward males of a different strain if that male is associated with the sexual 

reward induced by paced copulation.  

 Meerts and Clark (2009) tested the hypothesis that both vaginocervical 

stimulation and social interaction (placing a male rat into the arena with the 

experimental rat) can induce a CPP in female rats. Their study showed that 

female rats expressed a CPP for the context paired with nonpaced mating or 

artificial vaginocervical stimulation. These findings provide support for the 

notion that not only pacing or control per se is necessarily the rewarding 

element in copulation, but rather that vaginocervical stimulation is also an 

important aspect of the reinforcing effect of mating. Pfaus and colleagues 

(Parada et al., 2010) studied the ability of clitoral stimulation to induce CPP. 

They concluded that a form of stimulation is able to induce CPP, similar to the 

studies by Meerts and Clark (2009) that used vaginocervical stimulation. They 

also demonstrated that compared to no stimulation, clitoral stimulation induced 

Fos in hypothalamic and limbic structures, including the NAc. The authors 

suggest that clitoral stimulation induces a reward state in female rats. In a 

subsequent study by Pfaus and colleagues (Parada et al., 2011) it was 

investigated if clitoral stimulation could also induce a conditioned partner 

preference. In this study they paired a neutral odour with clitoral stimulation. 

Results suggest that clitoral stimulation of female rats indeed can induce partner 

preference. In a more recent study (Parada et al., 2013) it was demonstrated 

that sexual experience prior to conditioning presumably generates a US pre-

exposure effect, which makes female rats less responsive to external clitoral 

stimulation alone. In this experiment female rats remained sexually naïve or 

received 1 or 5 copulatory sessions prior to conditioning. The female rats were 

able to pace the copulatory stimulation. Females that received 5 copulations did 

not develop a significant CPP to external clitoral stimulation, whereas females 

with either the no prior copulatory experience, or those who received 1 

copulation, developed significant CPP to external clitoral stimulation. Thus, 
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external clitoral stimulation can be devalued as a reward by copulatory 

experiences.  

 Furthermore, two studies by Pfaus and colleagues (Coria-Avila et al., 

2008a,b) examined the neurochemical basis of conditioned partner preference 

in female rats. The authors demonstrated that sexual reward in the form of 

paced copulation in female rats involves the activation of brain opioid systems. 

In their study, one group of female rats were conditioned to associate scented 

and unscented males with paced and nonpaced conditioning. The other group 

of females was conditioned to associate albino or pigmented males with paced 

or nonpaced copulation. Before each conditioning trail naloxone (an opioid 

antagonist) or saline was administered. The authors found that the naloxone-

trained female rats showed no preference to copulate with either a pacing 

related or nonpaced related male rat. They concluded that opioids mediate the 

conditioned partner preference induced by paced copulation. In the second 

study, with a similar procedure as the first, they concluded that DA 

transmission is implicated in odour conditioning but is not necessary for the 

conditioning of strain cues of sexual reward. The administration of 

flupenthixol, a D1 and D2 receptor antagonist, disrupted odour conditioning 

but not strain conditioning. This suggests that in conditioned partner 

preference, the role DA plays depends on the type of stimuli to be learned. The 

authors suggest some cues may be more potent in terms of activating 

mesolimbic DA unconditionally. This could explain why it appears to be easier 

to condition strain cues to sexual reward. They speculate that it is possible that 

the necessary DA release to induce a significant increase of Fos in the NAc is 

simply not activated once strain cues have been conditioned. The authors 

suggest that it could be that strain cues alone produce more DA release than 

neutral olfactory cues before their association with sexual reward. This makes 

some associations more easy to learn and possibly less sensitive to disruption by 

DA antagonists (Coria-Avila et al., 2008a,b).  
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 A more recent study by Arzate et al. (2011) allowed female rats to pace 

sexual interaction. This study was also designed to compare the rewarding 

properties of paced mating and morphine (opioids) injections. One group of 

females was allowed to paced mating before being placed in a non-preferred 

compartment. Later, they intraperitoneally received a morphine injection before 

being placed in the nonpreferred compartment and in alternate sessions they 

received a morphine injection before being placed in the preferred 

compartment. In the other group, treatments were reversed. Only females 

placed in the originally non-preferred compartment after paced mating changed 

their original preference. These results suggest that paced mating induces a 

positive reward of higher intensity than the intraperitoneally given morphine 

injection of 1 mg/kg. 

 Taken together, sexual behaviour can be modified by positive sexual 

and negative experiences in a wide range of taxa. Data from studies with male 

rats suggests that experience with ejaculation activates the reward system and 

sensitizes mesolimbic systems associated with incentive motivation. In female 

rats, the experience with paced copulation appears to activate the same reward 

and incentive systems. In quail species, a similar effect may underlie the 

copulatory reward in both males and females. To conclude, results from animal 

studies support the notion that sexual reward is a powerful mediator of 

incentive formation and enhancement, and such associations are mediated by 

DA functioning. Although in recent years a few very interesting studies have 

been published by Pfaus and co-workers, in animals the role of learning in 

sexual arousal and sexual behaviour has been studied less extensively in females 

than in males. Unfortunately, this is not only the case within animal studies, but 

also in human studies as the next sections will illustrate. Before discussing the 

research on conditioning of the human sexual response, we first briefly discuss 

used methods within this field of research. 
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2.6. Conditioning studies on human sexual response 

In human research, the US is a sexually arousing stimulus rather than 

copulation with a receptive mate. As seen in animal studies, humans can show 

CRs to the CS, and secondly, humans are able to detect the nature of the 

contingency between CS and US. Evaluation of states of sexual arousal in 

human studies are usually measured by self-reports, rating tasks or 

questionnaires that ask subjects about their level of sexual arousal or other 

feelings. The CRs are measured by objective procedures such as physiological 

responding or behavioural recording (Lovibond & Shanks, 2002). The 

physiological components of sexual arousal include changes in genital response: 

erection in men and vaginal vasocongestion in women (Janssen et al., 2000; 

Laan et al., 1995a,b). Erectile responsiveness in men can be recorded by genital 

measurement devices on penile volume, circumference, and rigidity (Janssen et 

al., 2006). In laboratory use, penile strain gauges that measure circumference are 

most widely used. Female physiological sexual arousal can be measured by 

vaginal photoplethysmography. In this technique, a photometer detects 

increases in blood volume in the vaginal wall and yield vaginal pulse amplitude 

(VPA). In the following sections we first will discuss literature available on the 

classical conditioning of the sexual response in men, after which we will discuss 

the studies conducted in women. We will focus on the more recent literature, 

although we will refer to former studies, where they were of particular 

significance. Before discussing the studies on classical conditioning, we will first 

briefly consider studies on habituation of sexual arousal. 

 

2.6.1. Male studies 

 

2.6.1.1. Habituation of male sexual arousal 

O’Donohue and colleagues demonstrated habituation of erectile responses with 

repeated exposure to the same erotic slides (O’Donohue & Geer, 1985) and to 
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erotic audiotapes (O’Donohue & Plaud, 1991). In contrast, a study by Smith 

and Over (1987) demonstrated no habituation in erectile responses or self-

reported sexual arousal, while male subjects engaged in structured sexual 

fantasy over different trials. Since the subjects of this study had earlier 

participated in another study to employ strategies designed to maintain 

consistency in sexual arousal over trials, these results should be interpreted with 

caution. In a later study by Koukounas and Over (1993), sexual arousal 

habituated with repeated erotic stimulation through both fantasy as well as film 

material. They also found for both modes that when the repetitive stimulus was 

replaced by novel content, sexual arousal recovered. The authors pointed out 

that a change in absorption could have caused the habituation effects in the 

film condition, because attention to the film fragment had shifted from a 

participant perspective to a spectator perspective. In a subsequent study, 

Koukounas and Over (2001) addressed whether sexual arousal fails to habituate 

when participants maintain a constantly high level of absorption across 

repeated episodes of erotic stimulation. For this, they used two instructional 

sets that differed in their manipulation of absorption (i.e. emotion-based 

attention vs. stimulus-directed attention). The researchers found that under 

each instructional set, there was a reduction in sexual arousal during repeated 

erotic stimulation. After controlling for the changes in attentional focus, sexual 

arousal remained relatively stable over trials. Koukounas and Over suggested 

that sexual arousal is less likely to habituate if attentional focus remains 

constant during repeated erotic stimulation. Given the different methodologies 

used in the studies discussed above, there are indications that male sexual 

arousal is prone to habituation, but it seems that attentional processes such as 

the  involvement in the erotic stimulus mediate habituation effects.  

 In a more recent study, Dawson et al. (2013) used erotic film clips with 

explicit sexual content to investigate habituation in both men and women. 

Subjects were presented with nine presentations of the same erotic clip, 
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followed by two presentations of different erotic clips and two presentations of 

the original erotic clip, while measuring genital responses by mercury-in-rubber 

strain gauges or vaginal photoplethysmography. Following each stimulus, 

participants rated their sexual and genital arousal as well as their level of 

attention during the stimulus using a nine-point scale. The researchers found 

that repeated exposure to the same erotic stimulus caused a reduction of genital 

responses in both men and women. Furthermore, subjective reports of sexual 

arousal showed a similar decline. Also neither sex showed dishabituated 

responses when re-exposed to the habituated stimulus. The researchers only 

found a sex difference in the initial response to sexual stimuli. Compared to 

women, men reported greater initial arousal to the habituation stimulus and 

their subjective sexual arousal followed a more marked decline with repeated 

exposure. Taken together, as the discussed studies have shown, male sexual 

arousal is prone to habituation. 

 

2.6.1.2. Classical conditioning of the sexual response in human males 

The most recent reviews on the conditioning of human sexual arousal have 

been provided by Akins (2004) and Hoffmann (2007). In an earlier review by 

O’Donohue and Plaud (1994), the authors concluded that the evidence for a 

relationship between classical conditioning and sexual behaviour was thin. 

Nevertheless, results from studies since then show that human studies may link 

more closely with animal studies with regard to the role of the nature of the CS 

or stimulus relevance in eliciting sexual arousal than perhaps thought (Akins, 

2004). 

 As early as the work of Krafft-Ebing (1929), accidental pairing of an 

abnormal stimulus with sexual arousal or ejaculation is thought to be ‘at base’ 

of the development of sexual deviations. Interpretation of the results from 

earlier studies on sexual conditioning is complicated by methodological 

problems. Nevertheless, we will discuss some noteworthy studies. One of the 
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first studies on the conditioning of sexual arousal is that of Lovibond (1963). In 

this study it was demonstrated that the galvanic skin response can be 

conditioned in heterosexual males by using film presentation with graphic 

symbols as CS and pictures of nude females as US. Also, Rachman (1966) 

demonstrated sexual arousal in three adult male participants to a pair of black 

boots, using penile plethysmography. As US, a slide of an attractive nude 

woman was used. A conditioned response was defined as five successive penile 

responses to the CS. However, a minimum size of penile responding was not 

defined in advance. More important, the experiment did not rule out the 

possibility that it could have been the US itself that has led to sexual responding 

to the CS. To eliminate methodological criticism, Rachman and Hodgson 

(1968) replicated their study. In the experimental condition, the CS was 

contingently paired with the US. But this time, to control for the possibility of 

pseudo-conditioning, in the control condition the US was presented prior to 

the CS. The study was successful in reproducing the findings of the earlier 

study, but under a backward conditioning procedure no sexual responses to the 

boots were evoked. Subsequently, in a variant of the experiment by Lovibond 

(1963), McConaghy (1967, 1970) modified the film as used in the Lovibond 

experiment, by including pictures of male nudes, allowing for the study of 

classical conditioning in heterosexual as well as homosexual subjects. Film 

fragments of young adult women and men were shown alternately. Films of the 

women were preceded by photographs of a red circle, those of the men by 

photographs of a green triangle. Conditioned penile volume increases occurred 

for the CS paired with the US of the preferred sex and detumescence for the 

CS paired with the US of the nonpreferred sex. An important comment on this 

study made by Langevin and Martin (1975) was that the found detumescence 

for the CS paired with the US of the non-preferred sex, might have been due to 

natural detumescence following a period of arousal, and not to conditioned 

responses. Besides, as with the Rachman studies, no random control procedure 
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was utilized. Kantorowitz (1978) further examined the nature of association 

between the US and conditioned arousal induced by erotic slides in eight 

heterosexual male volunteers. During eight conditioning sessions, for each 

subject, three different slides of nude women were paired with the plateau, 

refractory, and resolution stages of masturbation. Stimuli paired with the 

plateau phase produced an increase in penile erection and stimuli paired with 

the refractory phase produced a decrease in erection. Not only may classical 

conditioning have been responsible for the increase in penile response to the 

stimuli paired with the plateau phase, the orgasm may have conditioned the 

sexual response in an operant manner as well (Dekker & Everaerd, 1989).  

 Inspired by the results of the experimental studies by Rachman and 

McConaghy and colleagues, theories arose about the aetiology of what was then 

called sexual deviant behaviour (McGuire et al., 1965). The application of 

behavioural techniques for the reorientation of sexual desires in an attempt to 

‘treat’ these sexual behaviours increased exponentially during the following 

years. In most cases aversion techniques were applied in attempts to alter sexual 

behaviours (Solyom & Miller, 1965; McConaghy & Barr, 1973; McConaghy, 

1975; Laws et al., 1978). Most, if not all of these studies lacked proper control 

procedures and often described single case studies. Nevertheless, these studies 

all suggested that sexual arousal can be classically conditioned.  

 Since then a number of well controlled studies have demonstrated that 

classical conditioning can augment sexual arousal in men. Two studies using 

nonclinical samples have shown convincing evidence for conditioning of male 

sexual arousal. In an experiment by Lalumière and Quinsey (1998) 10 male 

participants were exposed to a slide of a nude women and a highly arousing 

film clip of heterosexual sexual interactions. The other 10 participants were 

only exposed to a slide depicting a nude woman. Participants exposed to the 

slide plus the film clip showed increased penile responses to this slide of a nude 

woman, relative to other responses to other test stimuli (other slides of semi-
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clothed women, two neutral slides that depicted trees and flowers). Participants 

exposed to only the slides depicting a nude woman, showed a reverse pattern: 

they showed a decrease in sexual arousal to the slide. The authors proposed 

that the finding of increased penile responses to the original slide with a nude 

woman, relative to the responses to other test stimuli (other slides of nude 

women) in the group that was also presented with the film clip, could be 

produced by inhibition to stimuli that were not associated with the US. The 

inhibition to the stimulus (slide of the nude woman) in the group that was not 

presented with the erotic film clip may have been the result of habituation, 

because the participants were exposed 11 times to the slide. The authors 

concluded that because the group difference was due to a relative increase in 

arousal to the stimulus of a nude woman when paired with an arousing sexual 

stimulus, and a relative decrease in arousal to the stimulus of a nude woman 

when presented alone, any attempts to increase sexual arousal using classical 

conditioning may be hindered by the male tendency to habituate to stimuli 

when presented repeatedly.  

 Plaud and Martini (1999) conditioned male sexual arousal in 9 subjects, 

using sexually explicit slides as US. As CS they used a slide of a penny jar. In 

the conditioning procedure, the CS was presented for 15 s, followed by the US 

for 30 s. The second procedure was identical to the first conditioning 

procedure, except that the US was presented before the CS. In the third 

procedure, the presentation of the CS and US was determined randomly. The 

results of this study indicated that subjects showed increases in penile 

tumescence from baseline in the first mentioned condition procedure, but not 

during the other control conditions.  

 A more recent study by Hoffmann et al. (2004) found sexual 

conditioning effects in men, but these effects only approached a conventional 

level of statistical significance. In their study both male and female subjects 

received subliminal or conscious presentations of a photograph of either a 



76 

sexually relevant or irrelevant CS, which was followed by an erotic film clip. 

Both men and women showed greater conditioned sexual responding when a 

subliminal CS was more sexually relevant (the abdomen of an individual of the 

opposite gender) than when it was less relevant (a gun). This supports the 

notion of stimulus relevance in humans. However, when consciously perceived 

CSs were used, gender differences came into view. Women showed conditioned 

arousal to the sexually irrelevant rather than the relevant CS, whereas men 

receiving conscious presentations of the CS showed more evidence of 

conditioned sexual arousal to the abdomen than to the gun. 

 In contrast to the study of Hoffmann et al., results from a fMRI study 

of Klucken et al. (2009) provide stronger evidence for conditioning in men than 

in women. Klucken and colleagues investigated neural activation during sexual 

conditioning. They presented a geometric shape (a rhomb) as CS+. This figure 

was followed by highly sexually arousing pictures (US). Another geometric 

figure (a square) served as CS− and was followed by neutral pictures. Arousal 

ratings were significantly higher for the CS+ than for the CS−. Second, greater 

activations in response to the CS+ were seen in reward related structures (e.g. 

OFC, VTA and ventral striatum) compared to the CS−. Furthermore, subjects 

who were aware of the contingency of the CS and US as compared to unaware 

subjects showed greater hemodynamic responses in the ventral striatum, medial 

OFC, occipital cortex, and VTA in response to the CS+ compared with the 

CS−. And also interesting, compared to women, men showed stronger 

conditioned activation in the amygdala, thalamus and occipital cortex. The 

researchers considered the results to be in line with other findings (Pfaus et al., 

2001; Gutiérrez & Domjan, 1997), suggesting that men are more receptive to 

conditioning of sexual arousal than women.  

 More recent, Hoffmann et al. (2012) used a field study design to 

explore the conditioning of male sexual arousal in a real-world setting. The 

experiment was divided into a baseline and testing session in the laboratory and 
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intervening conditioning sessions in the field (e.g. participant or partner 

residence). They instructed seven heterosexual couples to include a novel, 

neutrally preferred scent as a CS+ during sexual interaction and another scent 

during non-sexual coupled-interaction like watching a movie together. Hereto, 

females were given two white cotton tops, two aroma fans and vials with 

geranium and basil essential oils. In a control group seven couples used both 

scents during non-sexual interaction. Over a 2-week period both experimental 

and control couples had three sexual interactions. Furthermore, experimental 

couples had three non-sexual interactions, while controls had six non-sexual 

interactions. The female partner was responsible for orchestrating 

‘conditioning’ and was instructed to alternate activities (sexual and non-sexual) 

and to spread them out for more than 12 h apart. During the baseline session 

and the testing session in the lab, men placed electromechanical strain gauges 

on their penis and positioned an oxygen cannula for odour presentation. 

Subsequently, they were exposed to presentations of basil and geranium 

odours, while listening to relaxing music accompanied by media player visuals 

on a computer monitor. This procedure was repeated with two different 

odours, but now participants were exposed to short fragments of a non-sexual 

film and a sexual film. The final testing session was similar to the baseline 

session except that odorants were presented in a different order. In the 

experimental group, an increased genital responding to the CS+ was observed 

relative to the control group. In addition, males in the experimental group also 

showed a trend for decreased preference for the CS− odour. Somewhat 

contrary to what the authors expected, the genital CRs were not stronger than 

those obtained during laboratory-based sexual conditioning. Nonetheless, 

participants retained the CR for at least several days (since participants, 

although instructed did not return straight to the laboratory for testing after 

completion of the conditioning phase). This study does show a longer-retention 

of conditioned sexual responses than has typically documented in humans. This 
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study also provides evidence for evaluative sexual conditioning in men, as they 

found an increase in preference for the partner-paired odour in the control 

group and the sexually paired odour in the experimental group.  

 In summary, studies providing empirical evidence for conditioning in 

human male sexual arousal are scarce. As a result of procedural problems and 

confounds, the interpretation of results from former studies within this field is 

limited. Nevertheless, latter studies contribute to the growing evidence that 

classical conditioning procedures can condition the male sexual response. The 

next section will focus on empirical evidence for operant conditioning in male 

sexual arousal. 

 

2.6.1.3. Operant conditioning of the sexual response in human males 

There are several studies on the regulation of genital responses as a function of 

instrumental contingencies. Rosen and colleagues (Rosen, 1973; Rosen et al., 

1975) conducted two studies to investigate the possible modification of penile 

tumescence by instrumental conditioning. In the first study (Rosen, 1973) as a 

result of contingent feedback highly significant suppression of tumescence 

relative to the flaccid state was obtained. In order to elicit penile tumescence, a 

series of erotic tape-recordings were presented. A red light was presented to 

male volunteers whenever their erection exceeded a criterion increase, and in 

this way they learned to significantly inhibit tumescence over the course of 

three experimental sessions. In their second study, Rosen and colleagues gave 

subjects in the experimental group analogue visual feedback and monetary 

rewards for increases in penile tumescence in the absence of external erotic 

stimuli. Rosen and co-workers concluded that instrumental conditioning is 

effective in modifying sexual arousal. However, they did not test for sexual 

fantasizing.  

 Inspired by the results obtained in classical conditioning procedures on 

the treatment of particular sexual behaviours, several case studies have reported 
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pairing sexual arousal produced by masturbation with heterosexual stimuli in 

the treatment of homosexuality or undesired sexual behaviour. But in order to 

‘treat’ these forms of sexual behaviour, many case studies describe aversive 

conditioning (Bancroft, 1969, 1970; Feldman, 1966; Freeman & Meyer, 1975; 

Herman et al., 1974a,b; Josiassen et al., 1980; Gold & Neufeld, 1965; Quinn et 

al., 1970; Beech et al., 1971; Rosen & Kopel, 1977). For example, MacCulloch 

and Feldman (1967a,b) used aversion therapy in homosexual subjects. Subjects 

could avoid a shock after seeing a male picture by turning off the slide by 

pressing a switch. Thereby, the introduction of female slides was made 

contiguous with the removal of the male slides. Over half of these subjects 

reported a change in sexual orientation during this experiment, but no follow-

up was conducted. In their second study a follow-up study was conducted. 

Eventually a substantial number of participants were said to have shown a 

change in sexual orientation that was still present at one-year follow-up. 

However, the reliability of self-report as a treatment outcome measure may be 

questioned. Also other types of clinical conditioning techniques like that of 

orgasmic reconditioning (guided fantasy in masturbation) or covert sensitization 

were applied in order to shape sexual behaviour (Abel et al., 1970; Abel & 

Blanchard, 1974; Alford et al., 1987; Jackson, 1969; MacCulloch et al., 1971; 

Brownell et al., 1977; Schaefer & Colgan, 1977). The evidence in support of 

these procedures used alone is mixed (Conrad & Wincze, 1976; Lande, 1980; 

VanDeventer & Laws, 1978) and again, most of these studies concern 

uncontrolled (case) studies (Conrad & Wincze, 1976; Keller & Goldstein, 

1978). The study of Marquis (1970) is a good example of an orgasmic 

reconditioning study. Subjects with ‘perversions’ were instructed to masturbate 

to the point of orgasm (using a preferred fantasy), at which time the subject was 

instructed to switch to more ‘appropriate’ fantasies. Almost all subjects were 

reported to be cured, or to be improved. Because of the lack of objective 

measures, again these results cannot be interpreted straightforwardly. Although 
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there has been some empirical evidence that learning plays a role in the 

development of partner preferences, and partner preferences appear to be 

influenced by experiences both early in life and in adulthood, the general 

assumption is that the orientation-preference is at least in part determined by 

sexual imprinting (Pfaus et al., 2001; Woodson, 2002). 

 Even though no firm conclusions can be drawn from most of those 

uncontrolled operant conditioning studies because possible evidence does not 

go beyond the case study level, combined with the results from classical 

conditioning studies, they do point to the conclusion that conditioning 

procedures can affect the human sexual response. Although it is unlikely that 

conditioning procedures can alter sexual orientation, conditioning can influence 

the (motivational) valence of an incentive. Although it may be expected that the 

same effects should occur in women, literature on this topic is scarce. First we 

will discuss the studies of habituation of female sexual arousal and continue 

with studies on classical conditioning. 

 

2.6.2. Female studies 

 

2.6.2.1. Habituation of female sexual arousal 

Parallel to the habituation effects that O’Donohue and Geer (1985) established 

for men, Meuwissen and Over (1990) demonstrated decreased levels of genital 

and subjective sexual arousal in women, after repeated exposure to erotic 

fantasy as well as erotic film fragments. There was recovery of arousal to the 

original response level, when a new erotic stimulus, i.e. a new fantasy or film 

fragment was introduced. A later study to assess the occurrence of habituation 

in female subjects after repeated stimulus exposure could however not draw 

reliable conclusions considering habituation of female sexual arousal (Laan & 

Everaerd, 1995a,b). After 21 trials of sexual stimulus presentation, female 

subjects continued to show both genital and subjective arousal. In a more 
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recent study from our laboratory a habituation design with ‘hot vs. cool’ 

attentional strategies was used to investigate the regulation of sexual arousal 

(Both et al., 2011b). Manipulation of a hot and a cool attentional focus was 

done by instructing participants to either imagine that they were engaged in the 

sexual activities depicted in the erotic film stimulus and to focus on their 

physiological and emotional reactions that they felt during film viewing (hot 

focus), or to realize that they were “just looking at a film” and to focus on 

characteristics of the physical setting of the erotic film (cool focus). Under the 

hot focus stronger sexual feelings were observed than under the cool focus. 

Furthermore, habituation and novelty effects were found: during repeated 

erotic stimulation genital responses and sexual feelings diminished and with the 

introduction of a novel stimulation they increased. Interestingly, the hot 

attentional focus did not preclude habituation of sexual arousal. As earlier 

mentioned, the study by Dawson, Suschinsky and Lalumière (2013) showed 

that men and women showed statistically similar patterns of genital responding 

to repeated stimulation. Women showed diminution of both genital responses 

and subjective reports of sexual arousal. The authors concluded that there is a 

possibility that sexual responses of men and women are similarly malleable and 

equally subject to learning processes. Despite, there seems to be some evidence 

for female sexual arousal to habituate, more research is needed on this topic 

and it is too early to draw firm conclusions. 

 

2.6.2.2. Conditioning studies on female sexual arousal 

To the best of our knowledge, in contrast to the numerous comparable reports 

on men, only one case of a conditioning procedure in an attempt to alter female 

homosexuality was published. Blitch and Haynes (1972) described a case study 

of treating a female homosexual by systematic desensitization and manipulation 

of masturbation fantasies. The participant was instructed to make image 

switches when her masturbation image was initially homosexual. After the 
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termination of the therapy, an increase in heterosexual images of masturbation 

were said to have taken place. A follow-up study stated that no overt 

homosexual behaviour had occurred since the therapy. Since this study was 

solely based on self-report measures, no further conclusions can be made. 

 The first controlled conditioning study on female sexual arousal study 

was that of Letourneau and O’Donohue (1997). The authors tried to condition 

subjective sexual arousal and vaginal blood flow. They used film fragments 

showing heterosexual oral or coital sex and as a neutral stimulus they used 

amber light. A significant conditioning effect was not detected. They attributed 

these results to an ineffective US. Opposing to this study, Hoffmann et al. 

(2004) found statistically significant evidence for conditioned genital arousal in 

women, as discussed earlier. When the CS was presented subliminally, men and 

women showed more conditioned arousal to the sexually relevant CS than the 

sexually irrelevant CS (gun). When the CS was consciously perceived, women 

showed stronger conditioned arousal to the sexually irrelevant CS compared 

with the relevant one. It was suggested the latter finding was due to an increase 

in automatic nervous system responding such that women showed greater 

general arousal to the nonsexually relevant CS than to the sexually relevant CS. 

This pleads in favour of the assumption that there is an independent role for 

automatic processing in human sexual response mechanisms. Their findings are 

consistent with Öhman and Soares (1994) in demonstrating that associative 

learning in humans can occur without awareness of the CS-US contingency. In 

a comparable study, in our lab unconscious classical conditioning of sexual 

arousal in women was investigated (Both et al., 2008a). Clitoral vibrostimulation 

served as US and two subliminally presented erotic pictures served as CS+ or 

CS−. With a forced choice recognition task, conscious perception was tested. 

Results from this task revealed that participants were not able to perceive the 

CSs during masked presentation. Thus, evidence was found for a conditioned 

genital response following repeated pairing of masked erotic pictures with 
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genital vibrostimulation and these findings add to the increasing evidence for 

associative emotional learning without awareness of the CS-US contingency 

(Öhman & Soares, 1993, 1994, 1998; Wong et al., 2004; Hoffmann et al., 2004). 

 A later study in our lab (Both et al., 2008b) was the first that provided 

evidence for a conditioned genital response to an initially neutral CS in human 

females. Again a differential conditioning procedure was used with genital 

vibrostimulation as US. Two neutral pictures of cartoon male faces served as 

the CS stimuli. A conditioned genital arousal response to the neutral picture 

that was paired with genital vibrostimulation was found. Secondly, a relation 

was observed between the strength of the conditioned genital arousal response 

and sexual functioning and sexual arousability as measured by questionnaires. It 

was suggested that a person who is more easily sexually conditionable may 

associate several stimuli with rewarding sexual experience and subsequently, 

this may result in sexual arousal and desire when confronted with these cues. In 

a following study, a few changes were made compared to the earlier study 

(Both et al., 2011a). Skin conductance level (SCL) and subjective affective value 

was measured as well as genital and subjective sexual arousal in response to the 

CSs. Again they observed a conditioned sexual arousal response, as genital 

arousal was higher in response to the CS+ than in response to the CS−. Also, a 

marginally significant difference was found for affective value ratings between 

the CS+ and CS−, indicating a more positive evaluation of the CS that was 

followed by genital vibrostimulation.  

 In addition, a differential conditioning study on aversive conditioning 

was conducted (Both et al., 2008b). In this study evidence was found for 

attenuation of female genital response through aversive conditioning. This time 

two erotic pictures served as CS and a painful stimulus at the wrist as US. After 

conditioning VPA was lower in response to the CS+. Moreover, the CS+ was 

rated more negative compared to the CS−. Although this is the only study on 

aversive sexual conditioning in women to date, these results support the view 
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that in women, as a result of classical conditioning, aversive sexual experiences 

may result in decreased sexual arousal.  

 The results obtained by Hoffmann and colleagues, and Both and 

colleagues, oppose the study by Letourneau and O’Donohue (1997) in which 

no evidence was found for female conditioned genital response. As stated 

before, Letourneau and O’Donohue suggested that the failure to demonstrate 

conditioned sexual arousal may have been because of an ineffective US. 

However, in the studies in our laboratory genital responses to the US were also 

weak, suggesting that a strong responding to the US is not a prerequisite to 

demonstrate conditioned genital arousal in women. More interesting is the fact 

that Letourneau and O’Donohue used a coloured light as CS, whereas in the 

studies by Hoffmann et al. (2004) and our studies (Both et al., 2008a,b, 2011a) 

more sexually relevant CSs were used (i.e. a picture of a male abdomen and a 

picture of a male face). Possibly the conditioning of female sexual arousal may 

be facilitated by the use of those more sexually relevant CSs. Also interesting to 

note is the finding in our studies that conditioned genital response as well as 

conditioned affective value did not clearly diminish during the extinction phase. 

This suggests resistance to extinction of conditioned sexual responses. 

However, since the number of extinction trials in these studies was small, firm 

conclusions regarding the presence or absence of extinction of conditioned 

responses cannot be made. 

 Concluding, despite the limited amount of research, there is growing 

support that female sexual arousal can be conditioned as well. But evidence is 

scarce and efforts to replicate these studies are encouraged. 

 

2.7. Discussion 

Sexual behaviour of animals can be modified by positive sexual and negative 

experiences in a wide range of taxa. Arbitrary CSs such as auditory, visual and 

olfactory stimuli appear to be effective CSs in both male and female animals, 
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but even more intriguing, greater CS-US similarity appears to elicit different 

CRs, at least in male animals. In contrast to results obtained with arbitrary CSs, 

conditioned responses toward sexually relevant CSs might be highly resistant to 

extinction, at least in male quail. Therefore, CS-US similarity seems to be an 

important factor in conditioning (Rescorla & Furrow, 1977; Krause et al., 

2003). Furthermore, it seems that even long CS-US intervals or inconsistent 

pairing of the CS with the US can result in sexual learning in animals. 

Moreover, this sexual learning can take place without permitting subjects to 

complete copulation (Hollis et al., 1989; Zamble et al., 1985; Holloway & 

Domjan, 1993). But Kippin and Pfaus (2001a,b) demonstrated that the 

development of CEP in male rats is dependent upon ejaculation. And because 

the USs for CEP and USs for conditioned sexual excitement are different, not 

all conditioning effects on sexual behaviour may involve the same US. 

Furthermore, results from animal studies support the notion that a state of 

sexual reward, by for instance ejaculation in male rats or paced mating or 

vaginocervical/clitoral stimulation in female rats, is a powerful mediator of 

incentive formation and enhancement, and such associations are mediated by 

DA functioning. 

 Research on human sexual conditioning has lagged substantially behind 

that of animal sexual functioning. Nevertheless, studies in humans have 

demonstrated that classical conditioning can augment or diminish subjective 

and genital sexual arousal in both male and female subjects. Human studies may 

link more closely with animal studies with regard to the role of the nature of the 

CS or stimulus relevance in eliciting sexual arousal than perhaps thought 

(Akins, 2004). We will discuss the most prominent overlaps.  

 The mechanism of preparedness may cause some events or stimuli to 

become more easily associated than others. First, the results of both the study 

by Hoffmann and colleagues and Letourneau and O’Donohue support the 

notion of stimulus relevance in humans as well as animals. As we have 
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mentioned before, Hoffmann et al. (2004) found no clear evidence of 

conditioning in human males as their effects in men only approached a 

conventional level of statistical significance, but both men and women showed 

greater sexual responding when a subliminal CS was more sexually relevant 

than when it was less relevant. The lack of a significant conditioning effect in 

the Letourneau and O’Donohue (1997) study in women may have been due to 

their use of a sexually irrelevant CS. It is possible that the conditioning of 

female sexual arousal may be facilitated by the use of sexually more relevant 

CSs.  

 The results of the study by Hoffmann and colleagues do not entirely 

support this hypothesis of preparedness. In their study they used a picture of an 

abdomen of an individual of the opposite gender as ‘relevant’ CS. Interestingly, 

experimental eye-tracking studies on viewing patterns of sexual stimuli have 

shown that when men and women are presented with the same sexual stimuli, 

they do not view them in the same manner (Rupp & Wallen, 2008). Both men 

and women spent less time looking at a male body look zone than would be 

expected based on the average proportion of picture area it occupied. This may 

mean that heterosexual female participants are not interested in the male 

bodies, unless genitalia are depicted. A study by Lykins et al. (2006) revealed 

that nude male bodies are relevant for heterosexual women. When the genitals 

are included in the male body look zone, women do preferentially view nude 

male bodies. Possibly, this reflects a female preference for looking at male 

genitalia. It could be that a picture of an abdomen of an individual of the 

opposite gender, as used by Hoffmann and co-workers, was not the evident 

relevant CS after all, at least for women. It would be interesting to use explicit 

pictures of genitals of the opposite sex as CSs in future sexual conditioning 

studies in women. Future studies should therefore focus on sexually relevant 

and sexually irrelevant CSs. It would be very interesting to further investigate if 

some aspects of sexual stimulus processing in humans do indeed involve 
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preferential rapid learning to certain classes of innately ‘prepared’ stimuli 

(Seligman, 1971; Öhman, 1986; Öhman & Mineka, 2001). But as mentioned 

before, the preparedness theory is not incontrovertible. Therefore, the rapid 

learning to certain classes of stimuli can also be explained by experience with 

certain stimuli (Davey, 1995). For instance, Masataka (1993) demonstrated that 

experiences with certain stimuli that are not snakes (e.g., live insects) can 

differentially sensitize a fear of snakes in laboratory-bred monkeys, suggesting 

that experiences with selected non snake stimuli can influence subsequent 

fearful reactions to snakes in some direct or indirect way. In a similar way, 

possible rapid learning to sexual relevant stimuli could also be explained by past 

experiences and the cognitive ability to infer that there are important functional 

differences between CSs. Nevertheless, conditioned responses to sexually 

relevant CSs seem highly resistant to extinction in animals and findings in 

humans point to the same direction. Results from the sexual conditioning 

studies by Both and colleagues (Both et al., 2008a,b, 2011a,b) showed that 

conditioned subjective affect does not extinguish significantly during the 

extinction phase. This suggests a resistance to extinction. This finding is in line 

with evaluative conditioning research (Vansteenwegen et al., 2006). Acquired 

subjective likes and dislikes are seemingly quite resistant to extinction. Such a 

resistance to extinction may have important clinical implications. When 

conditioned valence is indeed relatively resistant to extinction, in treatment of 

hypersexuality and paraphilia a combination of extinction therapy with counter 

conditioning, thus learning new opposite responses, would be more effective 

than extinction therapy alone. But more research should be conducted within 

this field to be conclusive. Second, future studies could also investigate this 

possible resistance to extinction with an implicit measurement, like an approach 

and avoidance task (Chen & Bargh, 1999; Wiers et al., 2011). Self-report 

measures assess mental processes or representations that are consciously 

accessible. In contrast, implicit measures assess automatic processes that often 
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operate outside awareness. As subjective measures are prone to socially 

desirable bias, it would be interesting for future studies to include an implicit 

measure. 

 Moreover, in animals, sexual conditioning experiments indicate 

involvement of limbic reward circuitry, including the NAc. To date, only one 

fMRI study on human sexual conditioning has been reported, using erotic 

pictures as US (Klucken et al., 2009). Nevertheless, also conditioned activation 

was seen in reward structures. Since vibrostimulation has proven to be an 

effective US in women, it would be interesting to conduct a similar study using 

a tactile US instead of a visual US. A tactile US may yield stronger conditioning 

effects. 

 To conclude, how do stimuli acquire sexually arousing properties? The 

ability of sexual behaviour, especially orgasm and ejaculation, to increase the 

concentration of DA in the NAc is considered to be crucial for the acquisition 

of new sexual learning in humans (Berke & Hymann, 2000; Di Chiara, 1999; 

Robinson & Berridge, 2003). Stimuli that resemble some innate sexual US more 

closely, are thought to become more easily associated with a state of sexual 

reward. But by the means of powerful mediating DA functioning, also sexual 

irrelevant stimuli can become associated with sexual reward. The brain stores 

an internal representation of experiential sexual events, and DA neurons 

mediate associative learning and expectations based on previous experience 

with a stimulus. Furthermore, repeated exposure to a sexual rewarding stimulus 

causes strengthening of stimulus-response and stimulus-reward associations, 

and sensitizes the mesolimbic pathways (Di Chiara, 1999). Subsequently, sexual 

rewards evoke an increased DA release into the NAc. Repetitive sexual rewards 

result in releasing Delta FosB in the NAc. Delta FosB may cause sensitization 

to sexual rewards (Nestler, 2001). In addition, since orexin is thought to 

facilitate glutamate-mediated responses, and to be necessary for glutamate-

dependent long-term potentiation in VTA DA neurons, it is suggested that the 
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altered glutamate sensitivity by exposure to sexual rewards strengthens the 

neural pathways that link memories of the sexual stimulus event and related 

cues with high reward (Esch & Stefano, 2004; Hyman et al., 2006; Chen et al., 

2010; Wise & Morales, 2010; Kelz et al., 1999; Aston-Jones et al., 2010; Fields 

et al., 2007).  

 Bancroft and Janssen (2000) proposed a theoretical model of dual 

control of sexual arousal and associated behaviours in which the net expression 

of sexual behaviour is based on the influence of excitatory and inhibitory 

mechanisms in the brain. As in Gray’s biopsychological theory about 

behavioural activation and inhibition systems (Gray, 1982) this model stresses 

the adaptive nature of both excitatory and inhibitory processes. The dual model 

by Bancroft en Janssen can be described as a theory of approach and avoidance 

and the associated concepts of reward and punishment. The authors assume 

that sexual inhibition and excitation are both adaptive, serving a number of 

biological functions. Although they suggest that learning possibly plays a role in 

determining individual variabilities in response tendencies, they assume that 

individual variation in sexual inhibition and excitation is a stable trait, which is 

possibly genetically determined (Janssen & Bancrtoft, 2007). Individuals with an 

unusually high propensity for excitation or a low propensity for inhibition are 

more likely to engage in high-risk sexual behaviour. In contrast, individuals with 

a low propensity for sexual excitation or a high propensity for sexual inhibition 

are more likely to experience problems with impairment of sexual response 

(Bancroft et al., 2009). The model of dual control of sexual arousal allows the 

sexual response systems to be flexible. Flexibility in sexual responding possibly 

results in a sexual system that can exist under a variety of optimal and even 

unoptimal internal and external conditions. As Pfaus et al. (2001) state it 

“Flexibility in responding gives different species an enormous amount of 

chance to recombine in different ways, yielding a higher degree of diversity.” 

Nevertheless, learning processes constrain the individual’s attention to sets of 
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stimuli and patterns of behaviour that result in the proximal goal of sexual 

reward (in other words: stimuli that are known to “work”). Such stimuli are 

likely to differ from person to person  based on every individual’s sexual 

history, and this also accounts for the related behaviours. This means that how 

excited or how aroused an individual becomes by a certain stimulus is 

determined by the counterbalancing of experience and conditioning on one 

hand and instinctual responses to unconditionally arousing stimuli (both 

internal secretions and external cues) on the other. Pfaus (2009) presented an 

overview of neurochemical and neuroanatomical systems involved in sexual 

inhibition and excitation. During sexual inhibition the opioid, endocannabinoid, 

and serotonin systems are activated. In contrast, the DA systems, melanocortin, 

oxytocin, and norepinephrine systems are activated during sexual excitation. 

The core of sexual excitation pathway includes the mPOA and its outputs to 

the VTA. Brain pathways for sexual inhibition involve the activation of 

inhibitory opioid, endocannabinoid, and serotonergic feedback to various levels 

of the excitatory pathway. The inhibitory pathway is activated by sexual 

stimulation that reaches critical thresholds for sexual reward, sedation, and 

satiety. Since the excitatory pathway is stimulated both hormonally and 

conditionally by the expectancy of sexual rewards, external incentive stimuli can 

act as occasion setting for the excitatory system.  

 Despite the observed convergence between animal studies and human 

studies, there are many topics that need further exploration in the study of 

human sexual conditioning. Results from a study by Both and colleagues (Both 

et al., 2005) support the view that DA is involved in the energetic aspects of 

appetitive sexual behaviour, at least in men. And a more recent fMRI-study 

from our lab (Oei et al., 2012) provides compelling evidence for a mediating 

role of DA in processing of subconscious perceived sexual stimuli. In healthy 

young men, levodopa significantly enhanced the activation in the NAc and 

dorsal anterior cingulate cortex in response to subliminal sexual stimuli, 
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whereas haloperidol (a DA blocker) decreased activations in those areas. This 

first evidence for pharmacological modulation of implicit sexual reward 

processing, points at the possibility for DA to affect sexual motivation at its 

earliest onset, that is, outside awareness. But as these results only apply for 

men, further studies are warranted to investigate the role of DA in female 

sexual behaviour. Moreover, as enhancing effects of testosterone administration 

on neural activity related to appetitive goal attainment in mesolimbic incentive 

processing circuits has been demonstrated (Hermans et al., 2010), these 

findings may have implications for the understanding of why relatively more 

men are prone to develop hypersexuality or paraphilia (Krueger & Kaplan, 

2001; Kafka & Hennen, 2003).  

 Moreover, no human research has been done on the role of dopamine 

in sexual reward learning, while facilitation as well as impairment of sexual 

reward learning is relevant in the context of treatment of hypo- and hypersexual 

desire disorder. Future studies on sexual behaviour also need to investigate how 

DA affects the incentive reward of neutral stimuli paired with rewarding ones. 

Presumably, the combination of individual differences in DA sensitivity in 

combination with frequent exposure to sexual cues and reinforcement 

processes might explain the initiation of aberrant sexual desires. The use of an 

implicit task in future studies would also be interesting because, as stated 

before, according to the incentive-salience hypothesis the dopaminergic 

pathway of the reward system attributes incentive salience to representations of 

stimuli or events that were associated with appetitive reward. As Berridge 

(1996) underlines that both wanting and liking can exist without subjective 

awareness, reward processing and learning can occur without conscious 

experience (Damasio & Carvalho, 2013). On the contrast of implicit emotion as 

a corresponding label for unconscious affective reactions, explicit emotion 

refers to the person’s conscious awareness of an emotion, state or feeling 

(Berridge & Winkielman, 2003). Although emotions can occur unconscious and 
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people are not able to report their emotional reaction at the moment it is 

caused, this emotional reaction can be visible in their behaviour, physiological 

responses or subjective impressions of an-affect laden event. In this way, sexual 

stimuli can activate bodily responses (and implicit memory) before conscious 

appraisal. For this reason it would be very interesting to study dopaminergic 

effects on implicit sexual reward learning in human beings. Although there is 

evidence for enhanced tendencies to approach  sexual stimuli following DA 

increased activation (Both et al., 2005) no study to date investigated whether 

DA-dependent increased activations by for instance conditioned sexual stimuli 

are related to increases in approach behaviour. 

 What can be said about possible gender differences in sexual 

conditioning at the moment? As little research has been done within the field of 

conditioning of the sexual response in humans, and most of this conducted 

research is limited to one of the sexes, exploration of possible sex differences is 

not straightforward. Nevertheless, we will discuss the most remarkable possible 

sex differences. First, as the research with male rats by Pfaus and co-workers 

has shown, sexual reward is a powerful mediator of incentive formation and 

enhancement, and those associations are mediated by DA functioning. But as 

the studies by Pfaus (Coria-Avila et al., 2008a,b) have shown, the administration 

of a D1 and D2 receptor antagonist disrupted odour conditioning but not 

strain conditioning in female rats. This suggests that in conditioned partner 

preference, the role DA plays in female rats depends on the type of stimuli to 

be learned. In humans, little research has looked into the role of DA in sexual 

motivation and sexual reward processing. Moreover, no studies to date have 

addressed the role DA plays in mediating associative sexual learning in both 

men and women. Therefore, future research is warranted to explore possible 

gender differences. Second, as studies in rats have shown, tones paired with 

electric shocks in an aversive conditioning procedure, can induce copulation in 

noncopulating male rats. And this finding was attributed to an arousal 
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augmentation by the anticipation of pain. Unfortunately, to the best of our 

knowledge, to date no empirical research on aversive sexual conditioning in 

female animals has been conducted. Therefore, we do not know whether such a 

finding would be observed in female rats. But in women, we found attenuation 

of sexual response by aversive conditioning (Both et al., 2008b). Research on 

pain-related fear on sexual arousal in women revealed that the threat of a 

painful shock to the wrist impeded genital arousal and positive affect, whereas 

it amplified negative affect (Brauer et al., 2007). Therefore, one might conclude 

that expected pain is likely to reduce sexual arousal in women. Furthermore, it 

would be interesting to investigate if electric shocks during a conditioning 

procedure could facilitate sexual arousal in human males. Third, results from 

the fMRI study by Klucken et al. (2009) revealed stronger conditioned 

activation in the amygdala, thalamus and occipital cortex in men compared to 

women. The researchers considered the results to be in line with other findings 

(Pfaus et al., 2001; Gutiérrez & Domjan, 1997), and subsequently suggested 

that men are more receptive to conditioning of sexual arousal than women. But 

since there is so little literature within this field it is too early to suggest such a 

difference in conditionability between men and women. Gender differences in 

the number of DA neurons are influenced by several factors, including sex 

chromosome complement (Lombardo et al., 2012), the presence of the sry gene 

(Dewing et al., 2006) and as discussed in more detail before, gonadal hormones. 

Therefore it is conceivable that that gender differences in conditionability do 

exist. But since research on conditionability and related neuromodulatory 

systems in humans is in its infancy, we can only speculate if similar processes 

can be proven to account for any gender differences that may be found in 

future human studies. We can only conclude that not only more research is 

needed in bridging the gap between animal studies and human studies, but also 

future replication studies in both men and women are needed before we can say 

anything about possible gender differences in sexual conditioning. 
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 As has been shown, much empirical evidence from both animal and 

human studies fits the assumptions of the incentive motivation theory. 

According to the model, individual differences in sensitivity  for certain sexual 

stimuli can predict which incentives are preferred, and which are not. 

Interestingly, research has demonstrated that sexual arousal is preference-

specific in men, whereas women have a nonspecific pattern of sexual arousal 

(Chivers et al., 2004). Heterosexual men are more aroused by female than by 

male sexual stimuli and homosexual men show the opposite pattern. In 

contrast, the genital responses of women are only modestly related to their 

preferred category. Thereby, genital arousal in women is not per se 

accompanied by subjective desire or arousal (Laan & Everaerd, 1995a,b; Laan 

et al., 1995a,b). In relation to the incentive motivation theory, that states that 

sexual motivation is the result of the interplay of a sensitive internal sexual 

system with external motivational stimuli, this implies that for homosexual men 

for example, a picture of an attractive nude man may be innately sexually 

competent, but for heterosexual men this is likely not the case. As mentioned, 

research does confirm such a mechanism, at least for men. But with respect to 

women, genital responses are not very informative about sexual preference. 

Only subjective arousal reflects their preference. Notwithstanding the 

importance of incentives, individuals are not simply passive until triggered by 

the matching preferred external incentives or the cues associated with them. 

Cognitive processes like conscious awareness, goals and social restrictions can 

influence this process. Although men and women do not differ with respect to 

basic sexual learning, it is speculated that women are more sensitive to 

variations in social and cultural factors (i.e., exhibit more erotic plasticity”) 

compared to men (Baumeister, 2000; Toates, 2009). In women, a sexual 

stimulus tends to trigger a wider range of cognitions as compared to men (Laan 

& Janssen, 2007). Therefore it is suggested that women’s sexual motivation and 

arousal might be more strongly controlled by cognitive factors, whereas men’s 
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sexual motivation tends to be more strongly controlled by stimulus factors. The 

above mentioned findings make clear that the theory of incentive motivation 

captures in a simplified form only some of the processes that underlie human 

sexual motivation and behaviour (Toates, 2009). Further insights require 

looking more closely at the pathway of information between stimulus and 

response and considering how the processes captured by the original incentive 

motivation model are embedded within other (higher-level) processes. 

 As DA is not the only neurotransmitter involved in the sexual system, 

future studies should also look at the serotonin system. Pharmacological 

manipulations of the central serotonin neurotransmitter system alter 

functioning of the hypothalamicpituitary- adrenal (HPA) axis. Such HPA 

changes play important roles in behavioural modulation and may contribute to 

the alteration of sexual and social behaviour (Aubert et al., 2012). For example, 

serotonin has sexual side effects such as decreased sexual desire (Meston & 

Frohlich, 2000), and serotonin reuptake inhibitors seem to have efficacy in 

treating hypersexuality (Bradford, 2001). Flibanserin, a postsynaptic 5-HT1A 

agonist/5-HT2A antagonist, has been shown to increase sexual desire and 

reduce sexual distress in women with Hypoactive Sexual Desire Disorder 

(HSDD) (Kennedy, 2010; Thorp et al., 2012). Therefore, it would be 

worthwhile to examine how serotonin possibly inhibits the reward system 

activity during processing of sexual stimuli, and study the role of serotonin in 

associative sexual reward learning in general.  

 In addition to DA, opioids are also differentially involved in 

conditioned and unconditioned sexual behaviours (Holloway, 2012). The brain 

opioid system is involved in sexual reward in the form of ejaculation in male 

rats, or paced copulation in female rats (Pfaus & Gorzalka, 1987; Pfaus et al., 

2013) and is believed to be the main modulator of sexual reward (Ågmo & 

Berenfeld, 1990; Coria- Avila et al., 2008a,b). In the distinction made by 

Berridge, ‘wanting’ has been characterized as the value of incentive motivation 
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held by a stimulus without any hedonic component, and mediated by DA 

functioning. On contrast, ‘liking’ encompasses the hedonic aspect of a stimulus 

presentation, the positive sensory component that accompanies reward delivery 

(Berridge, 2004) and is thought to be mediated by the opioid system. Research 

has revealed two different domains in which endogenous opioids, present in 

separate and distinct brain regions, are involved (van Ree et al., 2000). One is 

related to incentive motivation, in which opioid systems in the VTA and the 

mesolimbic DA system are involved, and may relate to sexual motivation. The 

other is the performance of certain behaviours involving endogenous opioids, 

like sexual performance. In general, opioids and opioid drugs are found to have 

an inhibitory role in both male and female sexual behaviour (Pfaus & Gorzalka, 

1987; Holloway, 2012). Research has demonstrated that opioid actions in the 

VTA potentiate mesolimbic DA activation, whereas opioid actions in the 

mPOA inhibit sexual behaviour in rodents (van Furth et al., 1995; Holloway, 

2012; van Ree et al., 2000). Administration of opioid antagonists (e.g. naloxone) 

in sexual conditioning experiments has shown to disrupt the incentive 

motivation for and/or hedonic value of a CS predicting sexual opportunity or 

of the sexual stimulus itself (Holloway, 2012). Moreover, opioids have been 

implicated in mediating ‘wanting’ through their activity in the amygdala. The 

central nucleus of the amygdala is involved in the translation of learning into 

motivation. Mahler et al. (2009) demonstrated that opioid stimulation of the 

central nucleus of the amygdala in rats magnified and focused learned incentive 

salience onto a specific reward cue (CS). This motivation enhancement made 

the CS more attractive, resulting in more appetitive and consummatory 

behaviours. The authors concluded that opioid neurotransmission in the central 

nucleus of the amygdala is involved in the process of making one reward cue 

more “wanted” than others. Unfortunately, to date no studies on the role of 

opioids in human sexual conditioning have been conducted (for an overview on 

the role of opioids in learned sexual behaviour in animal see Holloway, 2012). 
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Seen the importance of the opioid system in mediating sexual reward, future 

research is needed. 

 As the aversion conditioning studies that attempted to alter certain 

sexual behaviours have demonstrated, there has been some empirical evidence 

that learning possibly can play a role in the shaping of partner preferences via 

conditioning. But since no robust or long lasting changes in sexual orientation 

in humans have been reported, the general assumption to date is that the 

orientation-preference is, at least in part, determined by sexual imprinting 

(Woodson, 2002; Swaab, 2008). In animal models, there are documented effects 

of conditioning on sexual arousal, approach behaviour, sexual performance and 

strength of sexual preference toward opposite-sex targets, but also no robust 

and long-lasting demonstrations of learning in the organization of same-sex 

preferences among males could be found (Nash & Domjan, 1991; Pfaus et al., 

2001). Although some studies with rats have shown that as a result of repeated 

cohabitation under the effects of a D2-type receptor agonist, rewarding 

associations with same-sex individuals can facilitate socio-sexual partner 

preference in male rats (Coria-Avila, 2012; Cibrian-Llanderal et al., 2012; 

Triana-Del Rio et al., 2011), this result could also be interpreted as not solely a 

homosexual preference, but rather as a same sex social preference over 

receptive females. Moreover, the observed preference could also be a 

preference for a familiar social partner over a novel unfamiliar one, rather than 

a preference for male rats over receptive females. 

 In comparison to the substantial amount of research on anxiety and 

aversive conditioning in animals and humans, and despite its relevance for 

extinction-based treatments, little attention has been devoted to the 

phenomenon of renewal in appetitive conditioning. In treatments using cue 

exposure, for example in addiction disorders or anxiety disorders, people are 

exposed to conditioned stimuli while preventing their learned response, to 

extinguish cue-activated responses. However, many people relapse after being 
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‘cured’. An important question is how to explain the return of responses 

following extinction procedures. Although CS-alone presentations may 

extinguish conditioned responses, the extinction procedure does not erase the 

originally learned association. It seems that this original association is retained 

(Bouton & Moody, 2004). This retention of the original association has been 

shown by renewal. This suggests that extinction is especially dependent on 

context. To the best of our knowledge human studies on extinction and 

renewal in the sexual domain are completely lacking. Translating the renewal 

phenomenon to the sexual domain, as noted before, a patient who is craving 

for internet-sex may be successfully extinguished by cue exposure therapy in a 

specific context, but may experience strong craving upon changing context 

such as sitting behind a different computer. Therefore, because of their clinical 

relevance, future studies on renewal of conditioned sexual responses should be 

given attention. As conditioning of subjective sexual arousal and genital arousal 

in humans can occur without awareness of the CS-US contingency, another 

prominent research question for future research within this field would be 

which brain systems are involved in conscious and unconscious sexual reward 

learning and in the regulation of sexual emotion. The investigation of brain 

responses during conscious and unconscious sexual learning will lead to new 

basic knowledge, and will underscore the importance of implicit processes. The 

level of detail that has been achieved in humans pales in comparison to the 

animal studies on neural circuits involved in conditioned learning. The 

amygdala contributes to both appetitive and aversive states. Studies in primates 

have shown that appetitive and aversive signals are processed by distinct 

neuronal populations of cells in the lateral/basal amygdale (LeDoux, 2012). 

LeDoux’s (1996, 2012) work on the role of the amygdala is of great influence 

on thinking about unconscious activation of emotions. LeDoux discovered 

parallel transmission to the amygdala from the thalamus and the cortex (1996, 

2000). The thalamo-amygdala projections appear to be involved in the 
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processing of the affective significance of relatively simple sensory features and 

this is the fast, direct route. The thalamo-corticoamygdala projections are 

necessary when more complex aspects of stimuli are processed. As LeDoux has 

shown, relative simple sensory processing by subcortical areas can provide the 

requisite inputs to structures such as the amygdale, bypassing or short-circuiting 

cortical areas (LeDoux, 1996). For example, humans can recognize certain 

emotions by the eyes alone and do not need to process the face as a whole 

(Whalen et al., 2004). Research has shown that this processing occurs 

subcortically (see LeDoux, 2012). Although there is an ongoing debate in visual 

attention research about what information is exactly transmitted from the 

thalamus to the amygdala (i.e. likely no geometric information due to the 

receptive-field properties of the superior colliculus, but more likely only gross 

luminance changes; Redgrave et al., 2008), it is possible that this same principle 

accounts for the processing of sexual stimuli too. In a world flooded with 

sexual stimuli, subconscious processes, as Oei et al. (2012) have shown, might 

play a role in compulsive reward-seeking behaviours such as hypersexuality. 

Cognitive behavioural therapy more and more incorporates treatments that 

target implicit processes. For example, attentional bias training in abstinent 

alcoholic patients (Schoenmakers et al., 2010), cognitive bias modification in 

depression (Holmes et al., 2009), and retraining automatic action tendencies in 

hazardous alcohol drinkers (Wiers et al., 2010) have been shown to be 

promising treatment possibilities. These interventions can also be promising for 

the treatment of sexual arousal disorders. In the case of hypersexuality, 

retraining automatic action tendencies with an approach/avoidance-task or 

attentional bias training could be fruitful interventions, whereas in the case of 

decreased sexual arousal not only retraining automatic action tendencies, but 

also cognitive bias modification using mental imagery can be a possible form of 

clinical intervention.  
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 There are many topics that need future investigation in the study of 

sexual associative learning and the brain. The described list of possible future 

research directions is only meant to point out some of the obvious examples 

that need further attention. Taken together, the suggested future research may 

strongly influence ideas about disordered sexual motivation, and will hopefully 

contribute to the development of treatments for hypoactive and hyperactive 

sexual desire. 
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