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There is an increasing number of neuroimaging studies using visual sexual stimuli (VSS),
especially within the emerging field of research on compulsive sexual behaviors (CSB).
A central question in this field is whether behaviors such as excessive pornography
consumption share common brain mechanisms with widely studied substance and
behavioral addictions. Depending on how VSS are conceptualized, different predictions
can be formulated within the frameworks of Reinforcement Learning or Incentive Salience
Theory, where a crucial distinction is made between conditioned and unconditioned
stimuli (related to reward anticipation vs. reward consumption, respectively). Surveying
40 recent human neuroimaging studies we show existing ambiguity about the
conceptualization of VSS. Therefore, we feel that it is important to address the question
of whether VSS should be considered as conditioned stimuli (cue) or unconditioned
stimuli (reward). Here we present our own perspective, which is that in most laboratory
settings VSS play a role of reward, as evidenced by: (1) experience of pleasure while
watching VSS, possibly accompanied by genital reaction; (2) reward-related brain activity
correlated with these pleasurable feelings in response to VSS; (3) a willingness to
exert effort to view VSS similarly as for other rewarding stimuli such as money; and
(4) conditioning for cues predictive of VSS. We hope that this perspective article will
initiate a scientific discussion on this important and overlooked topic and increase
attention for appropriate interpretations of results of human neuroimaging studies
using VSS.

Keywords: visual sexual stimuli, neuroimaging, compulsive sexual behaviors, behavioral addictions, incentive
salience, reinforcement learning, sexual behavior

There is an increasing number of neuroimaging studies using visual sexual stimuli (VSS,
Figure 1A). VSS are often used as pleasant, arousing stimuli that have an intrinsic
positive value (see Wierzba et al., 2015). Brain reactivity triggered by VSS is often
interpreted within popular theoretical frameworks describing learning processes or
motivated behavior such as Reinforcement Learning (Sutton and Barto, 1998; Botvinick
et al., 2009) or Incentive Salience Theory (Robinson and Berridge, 1993; Berridge, 2012).
Importantly, these theories make a key distinction between conditioned stimuli (CS) and
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FIGURE 1 | (A) Blue bars indicate the number of human studies using neuroscience methods (fMRI, EEG, ERP, PET, MEG or TMS) and visual sexual stimuli (VSS)
published between 2000 and 2016 according to PubMed (accessed on March 31st 2016). Red bars indicate the number of neuroscience studies on compulsive
sexual behaviors (CSB): 1 in 2013 (Steele et al., 2013), 2 in 2014 (Kühn and Gallinat, 2014; Voon et al., 2014), 1 in 2015 (Prause et al., 2015), and 3 in 2016 (Banca
et al., 2016; Brand et al., 2016; Klucken et al., 2016). (B) Number of studies published between 2013 and 2016 interpreting VSS as cue, reward or none of these
labels (unspecified). Note that in Oei et al. (2014) VSS were defined both as “reward cues” and “rewarding stimuli”, so it was counted in both categories “Cue” and
”Reward”.

unconditioned stimuli (UCS), which are related to reward
anticipation/wanting vs. reward consumption/liking,
respectively. Accordingly, it is important to make explicit
whether VSS play a role of CS or UCS, i.e., whether they are
incentive cues predicting an upcoming reward, or whether
they are rewarding by themselves. This issue has been
surprisingly overlooked in past studies, despite its important
implications. We reviewed 40 human studies published
between 2013 and 2016, using VSS in combination with
neuroscience methods (fMRI, EEG, ERP, PET, MEG or TMS;
Figure 1B):

• Nine studies described VSS as cues/CS: (Minnix et al., 2013;
Politis et al., 2013; Steele et al., 2013; Kühn and Gallinat, 2014;
Oei et al., 2014; Voon et al., 2014; Wetherill et al., 2014; Prause
et al., 2015; Seok and Sohn, 2015).

• Sixteen studies described VSS as rewards/UCS: (Costumero
et al., 2013, 2015a,b; Graf et al., 2013; Klucken et al., 2013, 2015,
2016; Sescousse et al., 2013a; Cassidy et al., 2014; Li et al., 2014;
Mascaro et al., 2014; Oei et al., 2014; Lee et al., 2015; Banca
et al., 2016; Brand et al., 2016; Schöne et al., 2016).

• One study described VSS as both as CS and UCS: (Oei et al.,
2014).

• Fifteen studies did not use any such labels: (Abler et al.,
2013; Chung et al., 2013; Habermeyer et al., 2013; Hernández-
González et al., 2013; Sylva et al., 2013; Wehrum et al., 2013;
Borg et al., 2014; Prause et al., 2014; Kim and Jeong, 2013, 2014;
Wehrum-Osinsky et al., 2014; Flaisch et al., 2015; Amezcua-
Gutiérrez et al., 2016; Kim et al., 2016; Knott et al., 2016).

The Incentive Salience Theory framework, proposed by
Robinson and Berridge (1993), distinguishes two basic
components of motivated behavior—‘‘wanting’’ and ‘‘liking’’.
The latter is directly linked to the experienced value of the

reward (UCS), while the former is related to the expected value
of the reward, often carried by a predictive cue (CS). Studies on
substance and gambling addiction show that learned cues (CS)
related to addiction evoke increased responses in the ventral
striatum as well as increased motivated behavior (i.e., shorter
reaction times, higher accuracy) among addicted individuals,
while responses to the reward itself remain unchanged or
undergo blunting over time (Berridge, 2012; Robinson et al.,
2015).

Thus, the conceptualization of VSS as cues or rewards
in experimental designs is not just a semantic debate,
because it has important consequences for the interpretation
of neuroimaging results. One important consequence is on
the emerging field of neuroscientific research on compulsive
sexual behaviors (CSB; Love et al., 2015; Kraus et al.,
2016a,b; Figure 1). A central question in this field is whether
CSBs (such as excessive pornography consumption Gola
et al., 2016a,b) share common brain mechanisms with widely
studied substance and behavioral addictions (Love et al., 2015;
Gola and Potenza, 2016; Gola et al., 2016c; Kraus et al.,
2016b). Depending on how VSS are conceptualized, different
predictions can be formulated. If one assumes that VSS
play a role of cue, then increased ventral striatal reactivity
among subjects with CSB (in comparison with controls)
would speak in favor of the addiction hypothesis, while
under the assumption that VSS play a role of reward, it is
the opposite result (decreased ventral striatal reactivity) that
would speak in favor of the same hypothesis. Therefore we
feel that it is important to address the question of whether
VSS should be considered as cues (CS) or rewards (UCS)
in human studies. Here we present our own perspective,
hoping that it will initiate a scientific discussion on this
topic.
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To answer this question we think it is important to distinguish
the meaning of VSS in real life vs. in the laboratory setting
(Figure 2). In many real life situations, VSS such as the naked
body of a sexually attractive partner increase sexual arousal and
lead to approach behaviors initializing dyadic sexual activity
and ending with orgasm (Georgiadis and Kringelbach, 2012;
Gola et al., 2015a). In this case, we argue that VSS play a
role of cue (CS), while orgasm plays the role of (primary)
reward (UCS). The reasoning is similar in most cases of solitary
sexual activity. Most common VSS are pornographic videos or
photos (cue/CS), which increase sexual arousal, and lead to
masturbation ending with orgasm (reward/UCS). In contrast,
during laboratory experiments, subjects are usually not allowed
to initiate any sexual activity (such as masturbation) and natural
UCS—orgasm—is unavailable. Even if subjects would be allowed
to masturbate during the study, laboratory conditions are far less
comfortable than the usual context of pornography consumption
or dyadic sexual activity. Thus, individuals participating in
laboratory experiments do not expect any other reward than

being exposed to VSS. Therefore, we posit that in laboratory
setting VSS play a role of reward (UCS; Figure 2). The
conceptualization of VSS as rewards in the context of laboratory
experiments comes with several predictions. Among healthy
subjects we should observe: (1) experience of pleasure while
watching VSS, possibly accompanied by genital reaction; (2)
reward-related brain activity correlated with these pleasurable
feelings in response to VSS; (3) a willingness to exert effort to
view VSS similarly as for other rewarding stimuli such as money;
and (4) conditioning of cues (CS) predictive of VSS. Below we
review evidence supporting these predictions.

In studies collecting hedonic ratings of VSS, subjects
consistently report that watching VSS is a subjectively pleasurable
experience when these match the subjects’ sexual preferences
(Chivers and Bailey, 2005; Rupp and Wallen, 2009; Jacob
et al., 2011; Wierzba et al., 2015). In addition, these hedonic
ratings have been shown to be accompanied by genital reactions
as measured by penile plethysmography in male participants
(Stoléru et al., 1999; Redouté et al., 2000; Ferretti et al., 2005).

FIGURE 2 | Visual sexual stimuli (VSS) act as cues in real life, but rewards in the lab. According to our perspective, in most real life situations (such as sexual
activity with partner or solitary pornography consumption) VSS such as the naked body of a sexually attractive partner or pornographic content play a role of
cue (CS). VSS increase sexual arousal and lead to behaviors initializing dyadic or solitary sexual activity and ending with reward—i.e., orgasm (UCS). In contrast, in
most laboratory settings sexual activity and orgasm are unavailable. We claim that VSS then play a role of reward (UCS), similarly to some real life situations such as
the visit to a strip club. In such contexts, individuals do not expect any other reward than being exposed to VSS, and are willing to exert effort or pay money to
receive desired VSS, while being susceptible to conditioning for cues predictive of these VSS. For the purpose of illustration of our ideas this figure presents a
simplified representation of real life where other scenarios of VSS use are possible, i.e., pornography consumption may lead to dyadic sexual activity or vice versa.
Credits of sample photos: Lies Thru a Lens; Strip club in Montreal, Quebec, in Saint Henri borough; Lola Bel Aire, striptease from Miss Exotic World 2008, CC BY
2.0. For license terms see: CC BY 2.0 (https://creativecommons.org/licenses/by/2.0/).
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Erectile reaction among males takes some time so it is easier
to observe it with long-lasting VSS such as videos or long
presentations of pictures (Ferretti et al., 2005), however even
brief presentations of static sexual photographies are related with
subjective pleasure and arousal (Ferretti et al., 2005; Wierzba
et al., 2015).

Many studies have shown that passive VSS viewing evokes
ventral striatum activity (Arnow et al., 2002; Stark et al., 2005;
Sabatinelli et al., 2007; Demos et al., 2012; Georgiadis and
Kringelbach, 2012; Stoléru et al., 2012; Wehrum-Osinsky et al.,
2014). It is difficult to assess whether striatal activity reflects cue
related wanting or reward related liking in these studies given
that the ventral striatum is known to respond to both appetitive
cues (CS) and rewards (UCS; Flagel et al., 2011; Liu et al., 2011)
However, the observed correlation between striatal activity and
hedonic ratings triggered by VSS in various studies (Walter et al.,
2008; Sescousse et al., 2010, 2013b) favors the hypothesis that VSS
act like rewarding stimuli. In this respect, VSS play a similar role
as monetary rewards: they activate similar brain areas including
the ventral striatum, and trigger comparable hedonic reactions
and motivated behaviors (Sescousse et al., 2010, 2013b, 2015).
The main difference is that VSS are primary rewards (i.e., they
have an intrinsic and innate reward value), whereas money is a
secondary reward (whose value is learned by exchange against
other rewards). This difference leads to a partially different
mapping onto the brain reward system, and different strengths
of activation (Sescousse et al., 2010, 2013b, 2015).

Even though most studies using VSS have used passive
viewing paradigms, a few investigations have employed more
advanced experimental designs aiming to measure participants’
willingness to exert effort towards VSS. In a series of studies, we
have used a modified version of the monetary incentive delay
task (Knutson et al., 2001) to include VSS (Sescousse et al., 2010,
2013a, 2015; Gola et al., 2015b, 2016c). In this task subjects see
two types of cues that are predictive of either VSS or monetary
gains. These cues are followed by a discrimination task in which
subjects have to press the correct button (out of two) within a
time limit of 1 s. The receipt of a monetary gain or VSS is partly
dependent on their performance on this task, such that reaction
times can be interpreted as an indirect measure of the motivation
to obtain these rewards. Importantly, cues predicting VSS elicit
similar reaction times as those predicting monetary rewards,
demonstrating that participants are willing to exert effort to
view VSS, and that their motivation is similar for both rewards
(Sescousse et al., 2010). This willingness to exert effort, which is
a hallmark of reward (Thorndike, 1965), has been observed in
other studies using effort (but also delay) discounting paradigms
with VSS (Prévost et al., 2010). In addition, we have shown that
individual differences in the effort exerted for money vs. VSS
is strongly correlated with the relative brain activity evoked by
corresponding cues in the ventral striatum (Sescousse et al., 2015;
Gola et al., 2016c). This precise fine-tuning of brain activity and
reaction times by VSS predicting cues further confirms that VSS
have intrinsically rewarding properties.

Finally, recent studies have shown that abstract CS (such as
colorful patterns or dots) associated with VSS maintain their
incentive salience even when they are not predictive of VSS

anymore (Banca et al., 2016; Klucken et al., 2016). In the study
by Banca et al. (2016), abstract visual patterns acquired positive
predictive value (CS+) or neutral predictive value (CS−) by being
repetitively paired with VSS or neutral stimuli, respectively. In
the following phase of the experiment, subjects had to make
choices between those CS and novel abstract stimuli, while
both CS were now paired with increased chances of monetary
gains (but not VSS anymore). Despite both CS having equal
chances of leading to monetary gains, CS+ were chosen more
frequently than CS− on average (mostly by subjects with CSB),
demonstrating the strong rewarding properties of VSS.

As we have shown above, there is a consistent body of
evidence supporting our view that in laboratory settings VSS play
a role of reward rather than cue. Moreover, even in everyday
life VSS do not always play a role of cue for sexual activity
and orgasm. Long before the development of photography
people have liked art such as sculptures and paintings depicting
nudity. Perhaps (similarly to modern times) this type of art
was a source of pleasure rather than cue for sexual activity.
In the era of photography people showed willingness to pay
for pictures and videos with erotic and pornographic content,
then internet technology provided everyone with easy and free
access to a whole variety of VSS (Cooper, 1998). Perhaps most
of contemporary VSS (such as internet pornography) play a role
of cue for solitary or dyadic sexual activity, but in some cases
VSS are sought after for themselves, again demonstrating their
intrinsic rewarding value. A good example in everyday life are
calendars with erotic pictures, that people buy and expose in their
workplace or at home. Similarly, the popularity of strip clubs,
in which people are willing to pay to watch nude dancers with
whom they are not allowed to engage in sexual activity, illustrate
the potency of VSS as hedonic stimuli (Figure 2).

Based on the above arguments, we argue that VSS play a
role of reward—rather than cue—in most experimental setups
in which sexual activity and climax experience are unavailable.
As we outlined above, viewing VSS is a pleasurable experience
that people are willing to work and wait for (Prévost et al., 2010),
and activates the same brain reward regions as monetary gains
(Sescousse et al., 2010, 2013a, 2015; Gola et al., 2015b, 2016c).
Moreover neutral stimuli associated with VSS through Pavlovian
conditioning acquire incentive value (Sescousse et al., 2010,
2013a, 2015; Banca et al., 2016; Gola et al., 2016c; Klucken et al.,
2016). This conceptualization of VSS as rewards rather than cues
calls for the re-examination—and possibly re-interpretation—of
the results reported in earlier studies defining VSS as cues.
Certainly it may have a strong impact on the interpretation of
neuroimaging studies investigating neurobiological similarities
between CSB and addiction; for instance, based on the popular
Incentive Salience Theory framework, one would expect opposite
ventral striatal reactivity for VSS depending on whether they
are conceptualized as a cue or reward (as an example of such
ambiguous interpretation see: Prause et al., 2015, 2016; see also
Gola, 2016 for discussion). If in most of experimental setups, as
we argue, VSS play a role of reward, then diminished (rather
than increased) ventral striatal reactivity to VSS in individuals
with problematic pornography use (Gola et al., 2016a) would
speak in favor of the addiction hypothesis (Robinson et al., 2015).

Frontiers in Human Neuroscience | www.frontiersin.org 4 August 2016 | Volume 10 | Article 402

http://www.frontiersin.org/Human_Neuroscience
http://www.frontiersin.org/
http://www.frontiersin.org/Human_Neuroscience/archive


Gola et al. Visual Sexual Stimuli—Cue or Reward?

We would expect this to be accompanied by increased ventral
striatum activations for CS that are predictive of VSS, as well
as increased effort or shorter reaction times to gain access to
these VSS. In future studies, we hope that the role played by
VSS in the specific protocols that are used will receive increased
attention, and that appropriate interpretations of results will be
made accordingly.

ADDITIONAL INFORMATION

Method of Study Selection
We searched the Pubmed database from 2000 to 2016 to
identify neuroscience publications (key words: fMRI, EEG, ERP,
PET, MEG or TMS) with VSS (keywords: VSS, sexual stimuli,
erotic stimuli, sexual pictures, erotic pictures, sexual images,
erotic images, sexual videos, erotic videos). Only full peer-
reviewed publications were selected (no conference abstracts).
For studies published between 2013 (year of first publication
on problematic pornography use) and 2016 we categorized
them into three categories depending on whether VSS were
described as: (1) ‘‘cue/CS’’; (2) "reward/rewarding stimuli/UCS’’;
and (3) otherwise.

Related Issues
Here we want to highlight several issues which, if properly
investigated, may provide valuable information in the debate on
the interpretation of studies using VSS and help to extend the
significance of future research.

One of the crucial points is to examine the difference in
behavioral and neural responding when VSS are used as cues
vs. rewards. It could be done by comparing two experimental
conditions in which VSS play a role of reward (most of current
experimental settings) or cue (settings allowing subjects to climax
during or after the study).

Another interesting hypothesis is that behavior and brain
activaty elicited by VSS in typical experimental settings may
partly reflect inhibitory control. This inhibitory control may be
removed at the end of the experiment, after which subjects may
start seeking sexual encounters or initiate solitary sexual activity.
For instance, an old behavioral study by Brown et al. (1976)
has shown that among heterosexual males, VSS viewing in the
laboratory induced masturbation in 24.5% of the subjects on the
day of the experiment, while on other days only 12.5% of them
engaged in masturbation. This observation suggests that for a
fraction of the subjects, watching VSS in the laboratory may have
been a cue eliciting sexual motivation that had to be inhibited.
To examine such a possibility it would be important to control
for sexual activity following experimental studies. Furthermore
it raises several questions: does this subgroup differ from other
participants, i.e., in terms of sexual arousability (Gola et al.,
2015a)? And if so, than does it affect brain activity?

We hope that these questions will inspire investigators and
will be addressed in future studies.

AUTHOR CONTRIBUTIONS

All authors discussed the idea. MG prepared figures. MW and
MG did a review of literature. MG and GS wrote the manuscript.
AM and MW commented on the manuscript.

FUNDING

MG was supported by Opus grant from National Science
Centre in Poland (2014/15/B/HS6/03792; MG) and scholarship
of Ministry of Science and Higher Education of Republic of
Poland (469/STYP/10/2015); MW was supported by Opus grant
from National Science Centre in Poland (2014/15/B/HS6/03792;
MG); GS was supported by a Veni grant from the Netherlands
Research Organization (NWO, ref no. 016.155.218).

REFERENCES

Abler, B., Kumpfmüller, D., Grön, G., Walter, M., Stingl, J., and Seeringer, A.
(2013). Neural correlates of erotic stimulation under different levels of female
sexual hormones. PLoS One 8:e54447. doi: 10.1371/journal.pone.0054447

Amezcua-Gutiérrez, C., Ruiz-Díaz, M., Hernández-González, M., Guevara, M. A.,
Ågmo, A., and Sanz-Martin, A. (2016). Effect of sexual arousal on cortical
coupling during performance of the tower of hanoi task in young men.
J. Sex Res. 1–11. doi: 10.1080/00224499.2015.1130211 [Epub ahead of
print].

Arnow, B. A., Desmond, J. E., Banner, L. L., Glover, G. H., Solomon, A.,
Polan, M. L., et al. (2002). Brain activation and sexual arousal in healthy,
heterosexual males. Brain 125, 1014–1023. doi: 10.1093/brain/awf108

Banca, P., Morris, L. S., Mitchell, S., Harrison, N. A., Potenza, M. N., and
Voon, V. (2016). Novelty, conditioning and attentional bias to sexual rewards.
J. Psychiatr. Res. 72, 91–101. doi: 10.1016/j.jpsychires.2015.10.017

Berridge, K. C. (2012). From prediction error to incentive salience: mesolimbic
computation of reward motivation. Eur. J. Neurosci. 35, 1124–1143. doi: 10.
1111/j.1460-9568.2012.07990.x

Borg, C., de Jong, P. J., and Georgiadis, J. R. (2014). Subcortical BOLD responses
during visual sexual stimulation vary as a function of implicit porn associations
in women. Soc. Cogn. Affect. Neurosci. 9, 158–166. doi: 10.1093/scan/
nss117

Botvinick, M. M., Niv, Y., and Barto, A. C. (2009). Hierarchically organized
behavior and its neural foundations: a reinforcement learning perspective.
Cognition 113, 262–280. doi: 10.1016/j.cognition.2008.08.011

Brand, M., Snagowski, J., Laier, C., and Maderwald, S. (2016). Ventral striatum
activity when watching preferred pornographic pictures is correlated with
symptoms of Internet pornography addiction. Neuroimage 129, 224–232.
doi: 10.1016/j.neuroimage.2016.01.033

Brown, M., Amoroso, D. M., and Ware, E. E. (1976). Behavioral effects of
viewing pornography. J. Soc. Psychol. 98, 235–245. doi: 10.1080/00224545.1976.
9923394

Cassidy, C. M., Brodeur, M. B., Lepage, M., and Malla, A. (2014). Do reward-
processing deficits in schizophrenia-spectrum disorders promote cannabis use?
An investigation of physiological response to natural rewards and drug cues.
J. Psychiatry Neurosci. 39, 339–347. doi: 10.1503/jpn.130207

Chivers, M. L., and Bailey, J. M. (2005). A sex difference in features that elicit
genital response. Biol. Psychol. 70, 115–120. doi: 10.1016/j.biopsycho.2004.
12.002

Chung, W. S., Lim, S. M., Yoo, J. H., and Yoon, H. (2013). Gender difference
in brain activation to audio-visual sexual stimulation; do women and men
experience the same level of arousal in response to the same video clip? Int.
J. Impot. Res. 25, 138–142. doi: 10.1038/ijir.2012.47

Cooper, A. (1998). Sexuality and the internet: surfing into the new millennium.
Cyberpsychol. Behav. 1, 187–193. doi: 10.1089/cpb.1998.1.187

Frontiers in Human Neuroscience | www.frontiersin.org 5 August 2016 | Volume 10 | Article 402

http://www.frontiersin.org/Human_Neuroscience
http://www.frontiersin.org/
http://www.frontiersin.org/Human_Neuroscience/archive


Gola et al. Visual Sexual Stimuli—Cue or Reward?

Costumero, V., Barrós-Loscertales, A., Bustamante, J. C., Fuentes, P., Rosell-
Negre, P., Ventura-Campos, N., et al. (2015a). A new window to understanding
individual differences in reward sensitivity from attentional networks. Brain
Struct. Funct. 220, 1807–1821. doi: 10.1007/s00429-014-0760-6

Costumero, V., Bustamante, J. C., Rosell-Negre, P., Fuentes, P.,
Llopis, J. J., Ávila, C., et al. (2015b). Reduced activity in functional
networks during reward processing is modulated by abstinence in
cocaine addicts. Addict. Biol. doi: 10.1111/adb.12329 [Epub ahead of
print].

Costumero, V., Barrós-Loscertales, A., Bustamante, J. C., Ventura-Campos, N.,
Fuentes, P., Rosell-Negre, P., et al. (2013). Reward sensitivity is associated with
brain activity during erotic stimulus processing. PLoS One 8:e66940. doi: 10.
1371/journal.pone.0066940

Demos, K. E., Heatherton, T. F., and Kelley, W. M. (2012). Individual differences
in nucleus accumbens activity to food and sexual images predict weight gain
and sexual behavior. J. Neurosci. 32, 5549–5552. doi: 10.1523/jneurosci.5958-
11.2012

Ferretti, A., Caulo, M., Del Gratta, C., Di Matteo, R., Merla, A., Montorsi, F.,
et al. (2005). Dynamics of male sexual arousal: distinct components of
brain activation revealed by fMRI. Neuroimage 26, 1086–1096. doi: 10.1016/j.
neuroimage.2005.03.025

Flagel, S. B., Clark, J. J., Robinson, T. E., Mayo, L., Czuj, A., Willuhn, I., et al. (2011).
A selective role for dopamine in stimulus-reward learning. Nature 469, 53–57.
doi: 10.1038/nature09588

Flaisch, T., Imhof, M., Schmälzle, R., Wentz, K. U., Ibach, B., and Schupp, H. T.
(2015). Implicit and explicit attention to pictures and words: an fMRI-study
of concurrent emotional stimulus processing. Front. Psychol. 6:1861. doi: 10.
3389/fpsyg.2015.01861

Georgiadis, J. R., and Kringelbach, M. L. (2012). The human sexual response cycle:
brain imaging evidence linking sex to other pleasures. Prog. Neurobiol. 98,
49–81. doi: 10.1016/j.pneurobio.2012.05.004

Gola, M. (2016). Decreased LPP for sexual images in problematic pornography
users may be consistent with addiction models. Everything depends on the
model. (Commentary on Prause, Steele, Staley, Sabatinelli, and Hajcak, 2015).
Biol. Psychol. doi: 10.1016/j.biopsycho.2016.05.003 [Epub ahead of print].

Gola, M., Kowalewska, E., Wierzba, M., Wordecha, M., and Marchewka, A.
(2015a). Polish adaptation of the sexual arousability inventory SAI-PL and
validation for males. Psychiatria 12, 245–254.

Gola, M., Miyakoshi, M., and Sescousse, G. (2015b). Sex, impulsivity and
anxiety: interplay between ventral striatum and amygdala reactivity in
sexual behaviors. J. Neurosci. 35, 15227–15229. doi: 10.1523/jneurosci.3273-
15.2015

Gola, M., Lewczuk, K., and Skorko, M. (2016a). What matters: quantity or quality
of pornography use? Psychological and behavioral factors of seeking treatment
for problematic pornography use. J. Sex. Med. 13, 815–824. doi: 10.1016/j.jsxm.
2016.02.169

Gola, M., Skorko, M., Kowalewska, E., Kołodziej, A., Sikora, M., Wodyk, M.,
et al. (2016b). Polish adaptation of sexual addiction screening test—revised. Pol.
Psychiatry 41, 1–21. doi: 10.12740/PP/OnlineFirst/61414

Gola, M., Wordecha, M., Sescousse, G., Lew-Starowicz, M., Kossowski, B.,
Wypych, M., et al. (2016c). Can pornography be addictive? An fMRI study
of men seeking treatment for problematic pornography use. bioRxiv 057083.
doi: 10.1101/057083

Gola, M., and Potenza, M. N. (2016). Paroxetine treatment of problematic
pornography use: a case series. J. Behav. Addict. 1–4. doi: 10.1556/2006.5.
2016.046 [Epub ahead of print].

Graf, H., Abler, B., Hartmann, A., Metzger, C. D., and Walter, M. (2013).
Modulation of attention network activation under antidepressant agents
in healthy subjects. Int. J. Neuropsychopharmacol. 16, 1219–1230. doi: 10.
1017/s1461145712001368

Habermeyer, B., Esposito, F., Händel, N., Lemoine, P., Klarhöfer, M., Mager, R.,
et al. (2013). Immediate processing of erotic stimuli in paedophilia and
controls: a case control study. BMC Psychiatry 13:88. doi: 10.1186/1471-244x-
13-88

Hernández-González, M., Amezcua Gutiérrez, C., Martin, A. S., Sánchez, K. R.,
and Guevara, M. A. (2013). Sexual arousal decreases the functional
synchronization between cortical areas in young men. J. Sex Marital Ther. 39,
264–279. doi: 10.1080/0092623x.2012.665815

Jacob, G. A., Arntz, A., Domes, G., Reiss, N., and Siep, N. (2011). Positive erotic
picture stimuli for emotion research in heterosexual females. Psychiatry Res.
190, 348–351. doi: 10.1016/j.psychres.2011.05.044

Kim, G. W., and Jeong, G. W. (2013). A comparative study of brain activation
patterns associated with sexual arousal between males and females using
3.0-T functional magnetic resonance imaging. Sex. Health 11, 11–16. doi: 10.
1071/SH13127

Kim, G. W., and Jeong, G. W. (2014). Neural mechanisms underlying
sexual arousal in connection with sexual hormone levels: a comparative
study of the postoperative male-to-female transsexuals and premenopausal
and menopausal women. Neuroreport 25, 693–700. doi: 10.1097/wnr.
0000000000000159

Kim, T. H., Kim, G. W., Kim, S. K., and Jeong, G. W. (2016). Brain activation-
based sexual orientation in female-to-male transsexuals. Int. J. Impot. Res. 28,
31–38. doi: 10.1038/ijir.2015.29

Klucken, T., Kruse, O., Wehrum-Osinsky, S., Hennig, J., Schweckendiek, J., and
Stark, R. (2015). Impact of COMT Val158Met-polymorphism on appetitive
conditioning and amygdala/prefrontal effective connectivity. Hum. Brain
Mapp. 36, 1093–1101. doi: 10.1002/hbm.22688

Klucken, T., Wehrum, S., Schweckendiek, J., Merz, C. J., Hennig, J., Vaitl, D., et al.
(2013). The 5-HTTLPR polymorphism is associated with altered hemodynamic
responses during appetitive conditioning. Hum. Brain Mapp. 34, 2549–2560.
doi: 10.1002/hbm.22085

Klucken, T., Wehrum-Osinsky, S., Schweckendiek, J., Kruse, O., and Stark, R.
(2016). Altered appetitive conditioning and neural connectivity in subjects with
compulsive sexual behavior. J. Sex. Med. 13, 627–636. doi: 10.1016/j.jsxm.2016.
01.013

Knott, V., Impey, D., Fisher, D., Delpero, E., and Fedoroff, P. (2016). Pedophilic
brain potential responses to adult erotic stimuli. Brain Res. 1632, 127–140.
doi: 10.1016/j.brainres.2015.12.004

Knutson, B., Adams, C. M., Fong, G. W., and Hommer, D. (2001). Anticipation of
increasing monetary reward selectively recruits nucleus accumbens. J. Neurosci.
21:RC159.

Kraus, S. W., Voon, V., and Potenza, M. N. (2016a). Neurobiology of compulsive
sexual behavior: emerging science. Neuropsychopharmacology 41, 385–386.
doi: 10.1038/npp.2015.300

Kraus, S. W., Voon, V., and Potenza, M. N. (2016b). Should compulsive sexual
behavior be considered an addiction? Addiction doi: 10.1111/add.13297 [Epub
ahead of print].

Kühn, S., and Gallinat, J. (2014). Brain structure and functional connectivity
associated with pornography consumption: the brain on porn. JAMA
Psychiatry 71, 827–834. doi: 10.1001/jamapsychiatry.2014.93

Lee, S. W., Jeong, B. S., Choi, J., and Kim, J. W. (2015). Sex differences in
interactions between nucleus accumbens and visual cortex by explicit visual
erotic stimuli: an fMRI study. Int. J. Impot. Res. 27, 161–166. doi: 10.1038/ijir.
2015.8

Li, Y., Sescousse, G., and Dreher, J. C. (2014). Endogenous cortisol levels are
associated with an imbalanced striatal sensitivity to monetary versus non-
monetary cues in pathological gamblers. Front. Behav. Neurosci. 8:83. doi: 10.
3389/fnbeh.2014.00083

Liu, X., Hairston, J., Schrier, M., and Fan, J. (2011). Common and distinct networks
underlying reward valence and processing stages: a meta-analysis of functional
neuroimaging studies. Neurosci. Biobehav. Rev. 35, 1219–1236. doi: 10.1016/j.
neubiorev.2010.12.012

Love, T., Laier, C., Brand, M., Hatch, L., and Hajela, R. (2015). Neuroscience of
internet pornography addiction: a review and update. Behav. Sci. (Basel) 5,
388–433. doi: 10.3390/bs5030388

Mascaro, J. S., Hackett, P. D., and Rilling, J. K. (2014). Differential neural responses
to child and sexual stimuli in human fathers and non-fathers and their
hormonal correlates. Psychoneuroendocrinology 46, 153–163. doi: 10.1016/j.
psyneuen.2014.04.014

Minnix, J. A., Versace, F., Robinson, J. D., Lam, C. Y., Engelmann, J. M.,
Cui, Y., et al. (2013). The late positive potential (LPP) in response to
varying types of emotional and cigarette stimuli in smokers: a content
comparison. Int. J. Psychophysiol. 89, 18–25. doi: 10.1016/j.ijpsycho.2013.
04.019

Oei, N. Y., Both, S., van Heemst, D., and van der Grond, J. (2014). Acute stress-
induced cortisol elevations mediate reward system activity during subconscious

Frontiers in Human Neuroscience | www.frontiersin.org 6 August 2016 | Volume 10 | Article 402

http://www.frontiersin.org/Human_Neuroscience
http://www.frontiersin.org/
http://www.frontiersin.org/Human_Neuroscience/archive


Gola et al. Visual Sexual Stimuli—Cue or Reward?

processing of sexual stimuli. Psychoneuroendocrinology 39, 111–120. doi: 10.
1016/j.psyneuen.2013.10.005

Politis, M., Loane, C., Wu, K., O’Sullivan, S. S., Woodhead, Z., Kiferle, L., et al.
(2013). Neural response to visual sexual cues in dopamine treatment-
linked hypersexuality in Parkinson’s disease. Brain 136, 400–411.
doi: 10.1093/brain/aws326

Prause, N., Staley, C., and Roberts, V. (2014). Frontal alpha asymmetry and
sexually motivated states. Psychophysiology 51, 226–235. doi: 10.1111/psyp.
12173

Prause, N., Steele, V. R., Staley, C., Sabatinelli, D., and Hajcak, G. (2015).
Modulation of late positive potentials by sexual images in problem users
and controls inconsistent with ‘‘porn addiction’’. Biol. Psychol. 109, 192–199.
doi: 10.1016/j.biopsycho.2015.06.005

Prause, N., Steele, V. R., Staley, C., Sabatinelli, D., and Hajcak, G. (2016). Prause
et al. (2015) the latest falsification of addiction predictions. Biol. Psychol.
doi: 10.1016/j.biopsycho.2016.05.007 [Epub ahead of print].

Prévost, C., Pessiglione, M., Météreau, E., Cléry-Melin, M. L., and Dreher, J. C.
(2010). Separate valuation subsystems for delay and effort decision costs.
J. Neurosci. 30, 14080–14090. doi: 10.1523/JNEUROSCI.2752-10.2010

Redouté, J., Stoléru, S., Grégoire, M., Costes, N., Cinotti, L., Lavenne, F., et al.
(2000). Brain processing of visual sexual stimuli in human males. Hum.
Brain Mapp. 11, 162–177. doi: 10.1002/1097-0193(200011)11:3<162::AID-
HBM30>3.0.CO;2-A

Robinson, T. E., and Berridge, K. C. (1993). The neural basis of drug craving:
an incentive-sensitization theory of addiction. Brain Res. Brain Res. Rev. 18,
247–291. doi: 10.1016/0165-0173(93)90013-p

Robinson, M. J. F., Fischer, A. M., Ahuja, A., Lesser, E. N., Maniates, H. (2015).
‘‘Roles of ‘‘wanting’’ and ‘‘liking’’ in motivating behavior: gambling, food and
drug addictions’’, in Behavioral Neuroscience of Motivation, Vol. 27: Current
Topics in Behavioral Neurosciences, eds E. H. Simpson and P. D. Balsam
(Switzerland: Springer International Publishing), 105–136. Available online at:
http://link.springer.com/chapter/10.1007/7854_2015_387

Rupp, H. A., and Wallen, K. (2009). Sex-specific content preferences for visual
sexual stimuli. Arch. Sex. Behav. 38, 417–426. doi: 10.1007/s10508-008-
9402-5

Sabatinelli, D., Bradley, M. M., Lang, P. J., Costa, V. D., and Versace, F.
(2007). Pleasure rather than salience activates human nucleus accumbens and
medial prefrontal cortex. J. Neurophysiol. 98, 1374–1379. doi: 10.1152/jn.002
30.2007

Schöne, B., Schomberg, J., Gruber, T., and Quirin, M. (2016). Event-related frontal
alpha asymmetries: electrophysiological correlates of approach motivation.
Exp. Brain Res. 234, 559–567. doi: 10.1007/s00221-015-4483-6

Seok, J. W., and Sohn, J. H. (2015). Neural substrates of sexual desire in individuals
with problematic hypersexual behavior. Front. Behav. Neurosci. 9:321. doi: 10.
3389/fnbeh.2015.00321

Sescousse, G., Barbalat, G., Domenech, P., and Dreher, J. C. (2013a). Imbalance in
the sensitivity to different types of rewards in pathological gambling. Brain 136,
2527–2538. doi: 10.1093/brain/awt126

Sescousse, G., Caldú, X., Segura, B., and Dreher, J. C. (2013b). Processing of
primary and secondary rewards: a quantitative meta-analysis and review of
human functional neuroimaging studies. Neurosci. Biobehav. Rev. 37, 681–696.
doi: 10.1016/j.neubiorev.2013.02.002

Sescousse, G., Li, Y., and Dreher, J. C. (2015). A common currency for the
computation of motivational values in the human striatum. Soc. Cogn. Affect.
Neurosci. 10, 467–473. doi: 10.1093/scan/nsu074

Sescousse, G., Redouté, J., and Dreher, J. C. (2010). The architecture of reward
value coding in the human orbitofrontal cortex. J. Neurosci. 30, 13095–13104.
doi: 10.1523/JNEUROSCI.3501-10.2010

Stark, R., Schienle, A., Girod, C., Walter, B., Kirsch, P., Blecker, C., et al.
(2005). Erotic and disgust-inducing pictures–differences in the hemodynamic

responses of the brain. Biol. Psychol. 70, 19–29. doi: 10.1016/j.biopsycho.2004.
11.014

Steele, V. R., Staley, C., Fong, T., and Prause, N. (2013). Sexual desire,
not hypersexuality, is related to neurophysiological responses elicited by
sexual images. Socioaffect. Neurosci. Psychol. 3:20770. doi: 10.3402/snp.v3i0.
20770

Stoléru, S., Fonteille, V., Cornélis, C., Joyal, C., and Moulier, V. (2012). Functional
neuroimaging studies of sexual arousal and orgasm in healthy men and women:
a review and meta-analysis. Neurosci. Biobehav. Rev. 36, 1481–1509. doi: 10.
1016/j.neubiorev.2012.03.006

Stoléru, S., Grégoire, M., Gérard, D., Decety, J., Lafarge, E., Cinotti, L., et al. (1999).
Neuroanatomical correlates of visually evoked sexual arousal in human males.
Arch. Sex. Behav. 28, 1–21. doi: 10.1023/A:1018733420467

Sutton, R., and Barto, A. (1998). Reinforcement learning: an introduction. IEEE
Trans. Neural Netw. 9, 1054–1054. doi: 10.1109/TNN.1998.712192

Sylva, D., Safron, A., Rosenthal, A. M., Reber, P. J., Parrish, T. B., and Bailey, J. M.
(2013). Neural correlates of sexual arousal in heterosexual and homosexual
women and men. Horm. Behav. 64, 673–684. doi: 10.1016/j.yhbeh.2013.08.003

Thorndike, E. L. (1965). Animal intelligence: experimental studies. Available
online at: https://books.google.com/books?hl=pl&lr=&id=Go8XozILUJYC
&oi=fnd&pg=PR7&dq=thonrdike+1911&ots=-mcoHch5sN&sig=0qy8StiEN2
Wlp-LAmYgd0wm_P2c

Voon, V., Mole, T. B., Banca, P., Porter, L., Morris, L., Mitchell, S., et al. (2014).
Neural correlates of sexual cue reactivity in individuals with and without
compulsive sexual behaviours. PLoS One 9:e102419. doi: 10.1371/journal.pone.
0102419

Walter, M., Bermpohl, F., Mouras, H., Schiltz, K., Tempelmann, C., Rotte, M., et al.
(2008). Distinguishing specific sexual and general emotional effects in fMRI-
subcortical and cortical arousal during erotic picture viewing. Neuroimage 40,
1482–1494. doi: 10.1016/j.neuroimage.2008.01.040

Wehrum, S., Klucken, T., Kagerer, S., Walter, B., Hermann, A., Vaitl, D., et al.
(2013). Gender commonalities and differences in the neural processing of visual
sexual stimuli. J. Sex. Med. 10, 1328–1342. doi: 10.1111/jsm.12096

Wehrum-Osinsky, S., Klucken, T., Kagerer, S., Walter, B., Hermann, A., and
Stark, R. (2014). At the second glance: stability of neural responses toward
visual sexual stimuli. J. Sex. Med. 11, 2720–2737. doi: 10.1111/jsm.12653

Wetherill, R. R., Childress, A. R., Jagannathan, K., Bender, J., Young, K. A.,
Suh, J. J., et al. (2014). Neural responses to subliminally presented cannabis
and other emotionally evocative cues in cannabis-dependent individuals.
Psychopharmacology (Berl) 231, 1397–1407. doi: 10.1007/s00213-013-
3342-z
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