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Abstract

Appetitive conditioning plays an important role in the development and maintenance

of pornography-use and gaming disorders. It is assumed that primary and secondary

reinforcers are involved in these processes. Despite the common use of pornography

and gaming in the general population appetitive conditioning processes in this con-

text are still not well studied. This study aims to compare appetitive conditioning pro-

cesses using primary (pornographic) and secondary (monetary and gaming-related)

rewards as unconditioned stimuli (UCS) in the general population. Additionally, it

investigates the conditioning processes with gaming-related stimuli as this type of

UCS was not used in previous studies. Thirty-one subjects participated in a differen-

tial conditioning procedure in which four geometric symbols were paired with either

pornographic, monetary, or gaming-related rewards or with nothing to become con-

ditioned stimuli (CS + porn, CS + game, CS + money, and CS�) in an functional magnetic

resonance imaging study. We observed elevated arousal and valence ratings as well

as skin conductance responses for each CS+ condition compared to the CS�. On the

neural level, we found activations during the presentation of the CS + porn in the

bilateral nucleus accumbens, right medial orbitofrontal cortex, and the right ventral

anterior cingulate cortex compared to the CS�, but no significant activations during

CS + money and CS + game compared to the CS�. These results indicate that different

processes emerge depending on whether primary and secondary rewards are pre-

sented separately or together in the same experimental paradigm. Additionally, mon-

etary and gaming-related stimuli seem to have a lower appetitive value than

pornographic rewards.
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1 | INTRODUCTION

Appetitive conditioning is a process through which new rewards and

their motivational salience are learned (Martin-Soelch et al., 2007).

During this process, a neutral stimulus (CS+) becomes associated with

a rewarding unconditioned stimulus (UCS) to elicit conditioned

responses (CRs), such as elevated valence and arousal ratings

(Blechert et al., 2016; De Houwer et al., 2001; Tapia León

et al., 2018), skin conductance response (SCR) (Andreatta &

Pauli, 2015) and blood-oxygen-level-dependent responses (BOLD) to

the CS+ (Kirsch et al., 2003). Appetitive conditioning plays an impor-

tant role in the development and maintenance of internet-use disor-

ders, like pornography use disorder or gaming disorder (Brand et al.,

2019). However, conditioning processes in the context of internet-

use disorders like pornography-use disorder and gaming disorder are

not well studied yet despite the relatively high prevalence (Grubbs

et al., 2019; Mihara & Higuchi, 2017; Rissel et al., 2017) as well as the

common use of pornography and gaming in the general population

(B}othe et al., 2018; Müller et al., 2015; Severo et al., 2020). Meerkerk

et al. (2006) argue that pornography and gaming are the most signifi-

cant activities associated with internet addiction. Therefore, it is cru-

cial to understand the underlying neural processes of learning

mechanisms in the context of internet use, such as online gaming or

pornography consumption. This study aims to investigate associative

learning mechanisms in the context of non-pathological use of online

gaming and pornography.

Previous research has identified the following brain areas

involved in appetitive conditioning: the medial orbitofrontal cortex

(mOFC), the anterior cingulate cortex (ACC, usually divided into the

ventral ACC, [vACC], and the dorsal [dACC]), the anterior insula,

the amygdala, the nucleus accumbens (NAcc) and the thalamus

(Haber & Knutson, 2010; Martin-Soelch et al., 2007; Stefanova

et al., 2020). Specifically, studies have shown that the mOFC seems to

be involved in coding the subjective value of a reward and in the men-

tal representation of reward outcomes (Klein et al., 2020; Peters &

Büchel, 2010) as well as task structure (Zhou et al., 2021). The ACC is

suggested to compute a surprise signal (Alexander & Brown, 2010,

2019) and to signal salience (Alexander et al., 2015). The insula is

involved in the anticipation of rewards and losses (Knutson &

Greer, 2008; Samanez-Larkin et al., 2007) and coding the salience of

these events (Rutledge et al., 2010) correlating with self-reported neg-

ative and positive arousal (Knutson & Greer, 2008). In this context,

the amygdala seems to modulate the motivational salience of a CS

(Metereau & Dreher, 2013; Sescousse et al., 2013; Warlow &

Berridge, 2021), retrieve the outcome memories of a CS (Everitt

et al., 2003; Sias et al., 2021; Wassum, 2022) and is crucial for the

acquisition and expression of a CR (Everitt et al., 2003; Gallagher

et al., 1990; Gore et al., 2015). The NAcc is linked to reward anticipa-

tion (Knutson & Cooper, 2005; Knutson & Greer, 2008) with increas-

ing BOLD with increasing reward size (Knutson et al., 2001). Finally,

thalamus activation during reward anticipation (Y. Chen et al., 2022;

Cho et al., 2013; Knutson & Greer, 2008; Oldham et al., 2018) is

thought to be a bridge for impulses between the basal ganglia and

frontal cortical areas (McFarland & Haber, 2002). Additionally, these

brain areas are involved in cue-reactivity circuity (see Antons

et al., 2020 and Noori et al., 2016 for an overview) since cue-

reactivity can be interpreted as a CR (Carter & Tiffany, 1999).

Several studies have been conducted comparing appetitive condi-

tioning processes with different types of rewards within one experi-

mental setting. For example, with monetary, erotic (but not

pornographic), social, and food rewards (Barman et al., 2015; Chan

et al., 2018, 2022; Distefano et al., 2018; Gola et al., 2017; Kim

et al., 2011; Kirsch et al., 2003; Sescousse et al., 2013; Sescousse

et al., 2015). The difference between erotic and pornographic stimuli

is that erotic material is sexually suggestive and mostly shows people

who are only partially naked, whereas pornographic stimuli explicitly

show sexual characteristics and activity (Brand et al., 2016; Strahler

et al., 2019; Voon et al., 2014). Pornographic stimuli are considered to

be primary rewards due to their significance for reproduction (Gola

et al., 2016; Schultz, 2015; Sescousse et al., 2010). Some studies have

shown that visual pornographic material can induce attentional bias

and increased distractibility compared to neutral visual material

(Kagerer et al., 2014; Strahler et al., 2018; Strahler et al., 2019). In the

conditioning context, cues, predicting pornographic videos (Klein

et al., 2020; Markert et al., 2021), pornographic pictures (Klucken

et al., 2009; Liberg et al., 2022), or both (Stark et al., 2019) constantly

activated the reward brain areas in healthy male participants. Similar

activation in reward circuitry has been reported in cue-reactivity stud-

ies with pornographic material (Mitricheva et al., 2019; Poeppl

et al., 2014). Additionally, Meerkerk et al. (2006) concluded that por-

nography carries the highest addiction potential among all internet

activities. These findings confirm the highly rewarding nature of

pornography.

Regarding secondary (non-primary) rewards, Kirsch et al. (2003)

compared monetary and social rewards (verbal feedback) in the same

conditioning paradigm. They found a higher BOLD response in reward

brain areas during anticipation of monetary reward compared to social

rewards. This difference is interpreted as motivation-dependent reac-

tivity, with highly desirable stimuli leading to a stronger activation.

This interpretation is in line with the “common neural currency” the-

ory (Montague & Berns, 2002), which suggests that values of different

rewards are compared on a single scale, resulting in increased activity

in reward brain areas as the value of the reward increases (Levy &

Glimcher, 2012). The abstract value of a reward is also influenced by

variables like proximity to reward delivery, outcome likelihood, reward

size, and others (see Kennerley et al., 2009). Meanwhile, there is sup-

port for the “common neural currency” theory for the vmPFC/mOFC,

striatum, anterior insula, and ACC (Bartra et al., 2013; Elliott

et al., 2008; Gu et al., 2019; Kennerley et al., 2009; Kim et al., 2011;

Kobayashi & Hsu, 2019; Levy & Glimcher, 2012; Sescousse

et al., 2015).

Gaming stimuli likely play a crucial role in the development and

maintenance of gaming disorder. For example, studies found that

preferences for visual game aesthetics were strongly associated with

online game addiction (C.-Y. Chen & Chang, 2008). Thus, these stimuli

presumably play a role in appetitive learning processes, although, their
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exact function has not been thoroughly investigated. Some studies

suggest that computer games have reinforcing features due to factors

like random reward mechanisms (Nielsen & Grabarczyk, 2019) and the

ability to satisfy various human needs (Przybylski et al., 2010). How-

ever, it is unclear whether gaming stimuli (e.g., screenshots of gaming

scenes) can be highly rewarding and thus, have appetitive value for

individuals without gaming disorder. On one hand, previous studies

have shown, that gaming aesthetics are essential for enjoying in the

game. Specifically, visual design of digital games has been closely

associated with game enjoyment (Arı et al., 2020; Merhi, 2016; Wu

et al., 2008), probably through increase of pleasure of senses and pro-

viding authentic experience (Lin et al., 2017). Thus, gaming aesthetics

are connected with enjoyment and could therefore evoke wanting.

Since some gaming scenes can provide visual pleasure

(Niedenthal, 2009) through aesthetic effects as some works argue

(Possler & Klimmt, 2021; Smuts, 2005), the gaming scenes could

evoke activation in reward-related brain areas in individuals without

gaming disorder, as it is a known effect of aesthetic visual material

(Di Cinzia & Vittorio, 2009). On the other hand, cue-reactivity

research with gaming pictures reports no activation in reward-related

brain areas in people without gaming disorder during the presentation

of gaming stimuli (Ko et al., 2009; L. Liu et al., 2017). Therefore, fur-

ther research is needed to better understand whether gaming stimuli

can have an appetitive effect on the general population similar to the

impact of pornographic stimuli. This could shed light on whether gam-

ing aesthetic is a strong standalone factor in the developing of gaming

disorder as suggested by C.-Y. Chen and Chang (2008) or gaming aes-

thetic alone is not enough to create a strong rewarding effect, as indi-

cated by the results of cue-reactivity studies (Ko et al., 2009; L. Liu

et al., 2017). Furthermore, comparing appetitive conditioning pro-

cesses with pornographic and gaming-related stimuli could provide

more insight into their impact on the brain's reward system and their

potential for addiction. This comparison could help us understand the

roles of these types of stimuli for developing of pornography use and

gaming disorders.

To the best of our knowledge, no studies have yet directly com-

pared appetitive conditioning processes using nonclinical subjects

with pornographic and gaming-related stimuli in the same experimen-

tal setting. An investigation in the same experimental paradigm

enables a direct comparison of the strength of the appetitive effects

of these UCSs. By examining the similarities and differences in brain

responses to these stimuli and to cues, that announce them,

researchers can better understand the specificity and generalizability

of appetitive conditioning in developing internet use disorders like

pornography use disorder and gaming disorder. Additionally, we

included money as another non-primary reward, which has already

been well-studied (Y. Chen et al., 2022; Jauhar et al., 2021; Klucken

et al., 2019; Knutson et al., 2000; Kruse et al., 2018; Lewis

et al., 2014; Oldham et al., 2018; Tapia León et al., 2019), but has not

yet been compared within the same experimental paradigm with por-

nographic (only with erotic) or gaming-related stimuli. The present

study compares the appetitive conditioning processes of pornographic

stimuli with other stimuli, as such comparisons have only been carried

out with erotic stimuli. However, we believe that pornographic stimuli

better reflect the reward aspect of pornography consumption than

erotic stimuli. This study examines different kinds of CR: (1) subjective

ratings, (2) SCR, and (3) neural substrates of classical appetitive condi-

tioning processes with monetary, pornographic, and gaming-related

stimuli, focusing on the anticipation phase.

In line with the above studies and with the common neural cur-

rency theory (Levy & Glimcher, 2012), we predict that pornographic

stimuli have the highest appetitive character and will elicit the stron-

gest appetitive response compared to monetary and gaming stimuli

(non-primary rewards) as primary rewards usually have more appeti-

tive value than non-primary (Sescousse et al., 2013). Therefore, we

hypothesize that the greatest CR occur in the CS + porn � CS� con-

trast (in ratings, SCR data, and BOLD response) compared to the CS

+ money- CS� and CS + game � CS� conditions. In addition, we expect

a weaker CR for CS + money compared to CS + porn because monetary

rewards are secondary and in contrast to pornographic stimuli not

directly delivered in the scanner. Nonetheless, their rewarding value

has been well-documented in various studies. Finally, we predict the

weakest CR for gaming-related CS+ as they may be secondary

rewards for individuals with gaming disorder but are likely neutral for

healthy participants.

Finally, the chosen design of the study also allowed for compari-

son of differences between UCSs. As this was not the primary objec-

tive of the study, we present these results in the supplement (see

supplement and discussion).

2 | MATERIALS AND METHODS

2.1 | Participants

A total of 37 male heterosexual right-handed participants took part in

this study. Only male participants were included, as biological sex can

potentially impact conditioning processes (Klucken et al., 2009;

Lonsdorf et al., 2015) and sex hormones can impact memory and

learning in general (Hamson et al., 2016). Moreover, the present study

is part of a multicenter DFG-funded addiction research unit

(FOR2974), focusing on the affective and cognitive mechanisms of

specific Internet-use disorders (Brand et al., 2021). Our project exam-

ines pornography use and gaming disorders, comparing different sam-

ples, including a sample with pornography-use disorder, risky

pornography use, gaming disorder, risky game use and a healthy con-

trol group. This article specifically focuses on the healthy control

group from this project. However, we chose to recruit only male par-

ticipants, as research suggests that women tend to use pornography

less frequently than males (Lewczuk et al., 2022) and men report more

problematic pornography use (Tan et al., 2022), and more problematic

gaming use (Fam, 2018; Mihara & Higuchi, 2017). Six participants

were excluded from the analysis because they (a) did not learn the

association during the acquisition phase (n = 2), (b) fell asleep during

the experiment (n = 1), (c) moved their head too much in the magnetic

resonance imaging (MRI) scanner (n = 1), (d) dropped out of the
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experiment (n = 2). Thus, we analyzed 31 participants in the final sam-

ple for the fMRI and SCR analysis. The average age in this sample was

25.9 years (SD = 4.41, range: 19–38). The analysis of valence and

arousal ratings included 30 participants, as the collection of ratings

from one participant was disrupted by a technical issue. All partici-

pants were German native speakers or spoke German at the native or

C1 level and had a normal or corrected-to-normal vision. Men with a

history of psychosis, schizophrenia, bipolar disorder, Parkinson's dis-

ease, epilepsy, alcohol or drug addiction (except nicotine), and reading,

writing, and comprehension difficulties could not take part in the

study. Regular use of psychiatric medication (except antidepressants

and stimulants), acute suicidality, implants, or metallic objects in the

body were also exclusion criteria. Each participant received 10 € per

hour or course credits for participation in the study and an additional

5.50€ from the experimental task. The study was conducted in accor-

dance with the Declaration of Helsinki and was approved by the local

ethics committee of the University of Siegen. All participants gave

written informed consent to participate.

2.2 | Procedure

The classical conditioning procedure was part of a larger national pro-

ject on internet-use disorders (Brand et al., 2021). Before the experi-

ment, participants completed questionnaires and various behavioral

tests outside of the MRI (not reported here). Prior to entering the

scanner, participants had to select their 11 most preferred pictures

out of 30 per category (pornographic photographs, screenshots from

computer games, and images of money), to ensure comparability in

the reinforcing stimuli. The pornographic photographs and gaming

screenshots were sourced from internal databases and previous stud-

ies, with the 30 images per category selected based on valence and

arousal ratings in previous study samples. Images of money were

obtained from copyright-free internet image databases. Participants

were instructed, that, they would receive 0.50€ for each image of

money in the experimental task after leaving the scanner. All three

categories of pictures were colorful images. The pornographic photo-

graphs depicted adult couples (a man and a woman or a woman with

another woman) engaged in various forms of sexual intercourse,

including vaginal, oral, or anal intercourse. Primary (genitals) and sec-

ondary sexual characteristics (e.g., breasts) were visible in most of the

photographs. One photograph out of the 30 showed sexual inter-

course between three people (two men and one woman). The

selected photographs included individuals of both white and dark skin

complexion. The content of these photographs was not fetish-related.

The gaming screenshots displayed different moments from popular

online games like Call of Duty, Dota, Fortnite, Grand Theft Auto, Lea-

gue of Legends, Minecraft, World of Warcraft, Counter-Strike: Global

Offensive, Dungeon Fighter Online, and Player Unknown's Battle-

grounds. These screenshots included mission fulfillment, game play

without specific tasks, character creation, and also game logo presen-

tation. Monetary photographs displayed euro banknotes or coins, with

some showing parts of the hands of a person holding the money or

their face. The selected 11 pictures per category served as UCSs in

the experimental task, while five additional pictures were used as

UCSs for the practice session but not included in the experimental

task. Following the picture selection, participants rated the valence

and arousal of four geometric figures, which were later used as CSs in

the experimental task. A brief practice session was conducted to

familiarize participants with the task before the experiment. In the

practice session, other symbols for CSs and other pictures for UCSs

were used compared to the experimental task.

2.3 | Conditioning procedure

The acquisition phase of the classical conditioning paradigm consisted

of 68 trials and lasted approximately 27 minutes. Geometric figures

(three quarters of a white circle) were used as four types of CS: CS

+ porn, CS + game, CS + money, and CS�. While the presentation of CS

+ was followed by a UCS in 62.5% of the time, the CS� was never

followed by any UCS. Each trial began with the presentation of a fixa-

tion cross for 0–2.5 s. The presentation of each CS lasted 8 s, and

each UCS lasted 2.5 s, followed by an intertrial interval jittered

between 8.5 and 11.5 s (see Figure 1 for the order of trial events).

The assignment of stimuli to CS types was counterbalanced

across participants. The first four trials consisted of one of each condi-

tion, with the order of trials counterbalanced across participants. Of

these first four trials, all three CS+ trials were reinforced to ensure

comparable initial learning across participants. The order of the CS+

and CS� trials was pseudorandomized, to ensure that no more than

two trials of a CS (CS�, CS+, either reinforced or not) followed each

other.

F IGURE 1 The design of the appetitive conditioning task. Each
trial began with a white fixation cross (0–2.5 s), followed by one of
four cues (CS + porn, CS + game, CS + money, or CS�) presented for 8 s
and the presentation of a UCS (pornographic pictures, gaming
pictures or money pictures) or a black screen (in the case of CS�) for
2.5 s. After the UCS had disappeared, the fixation cross was displayed
again. The intertrial interval (ITI) was jittered between 8.5 and 11.5 s.
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2.4 | Subjective ratings

Before the practice session and after the acquisition phase, partici-

pants provided ratings for valence and arousal for each CS+, CS�,

and each UCS�Set. The nine-point Likert self-assessment manikin

scale (Bradley & Lang, 1994) was used for this purpose (valence:

1 “very unpleasant” to 9 “very pleasant”; arousal: 1 “calm and

relaxed” to 9 “very aroused”). The valence and arousal ratings were

examined in a 4 (CS type: CS + porn, CS + game, CS + money, CS�) � 2

(time: pre-acquisition, post-acquisition) analyses of variance with

repeated measurements (rmANOVA), and significant effects were

examined via paired t tests with SPSS 29 (SPSS 29.0 for Windows,

SPSS Inc., Chicago, IL, USA). Additionally, after the acquisition phase

contingency awareness was assessed. To do this, the following ques-

tion was asked after the presentation of each CS: “Which type of pic-

tures were shown after this symbol?” The answer options included:

UCSporn, UCSgame, UCSmoney, “none” and “I don't know.” For the fur-

ther assessment of contingency awareness, following question after

the presentation of each CS was used “How likely is the presentation

of a sexual/gaming/money/no picture after this symbol?” Participants
used the 11-point probability Likert-type scale in 10%-steps from 0 to

100% to answer this question. The last question after each CS per-

tained to the onset of contingency awareness: “When did you

become confident that you will see a sexual/gaming/money/no

picture after this symbol?” Participants rated it on an 11-point Likert-

type scale ranging from “Beginning of experiment” to “End of experi-

ment” with “Never” as the last option. Participants who did not

become contingency aware were excluded.

2.5 | Skin conductance

During the acquisition phase, SCRs were recorded at a sampling rate

of 1 kHz using reusable Ag/AgCl electrodes filled with isotonic

(0.05 M NaCl) electrolyte medium placed hypothenar of the left

hand. The data were pre-processed and analyzed with Ledalab 3.4.4

(Benedek & Kaernbach, 2010a). For preprocessing, the data were

downsampled to 100 Hz and smoothed with a 32-sample FWHM

Gaussian kernel. The data were then analyzed with the first interval

response (FIR = 1–4 s) and second interval response (SIR = 5–8 s).

Using continuous decomposition analysis, the data were decom-

posed into continuous phasic (SCR) and tonic components and then

an average phasic driver within the response window was deter-

mined (Benedek & Kaernbach, 2010b). Only responses larger than

0.01 μS were considered as SCR responses. Responses smaller than

0.01 mS were considered zero responses. All responses were log(μS

+ 1) transformed to correct for violation of the normal distribution

of the data. Mean SCR values during the presentation of each type

of CS for the whole acquisition phase were determined. The differ-

ences between SCR data in the four CS conditions were examined

via paired t tests with SPSS 29 (SPSS 29.0 for Windows, SPSS Inc.,

Chicago, IL, USA).

2.6 | Magnetic resonance imaging

A 3 Tesla magnetic resonance tomograph (Siemens MAGNETOM

Prisma, Siemens Healthineers, Erlangen) with a 64-channel head coil

was used for the fMRI scans. The structural images were T1-weighted

and consisted of 176 sagittal slices (slice thickness 0.9 mm;

FoV = 240 mm; TR = 1.58 s; TE = 2.3 s). The functional images

(812 volumes per participant) were acquired with a T2*-weighted

echo-planar imaging (EPI) with 42 slices covering the whole brain

(voxel size = 3 � 3 � 3 mm; descending slice acquisition; TR = 2 s;

TE = 30 ms; flip angle = 75; FoV = 222 � 222 mm; matrix

size = 74 � 74; phase encoding direction: anterior–posterior). The

position of the field of view was oriented relative to the AC–PC line

at �30�.

Preprocessing and first and second-level analysis were performed

using SPM12 (Wellcome Department of Cognitive Neurology, 2014)

implemented in MATLAB (The MathWorks Inc., 2021). For preproces-

sing, all EPI images underwent coregistration to an EPI template,

realignment and unwarping using field maps, slice time correction,

normalization to MNI standard space via segmentation of the struc-

tural T1-image coregistered to a T1-template and smoothing with a

Gaussian kernel at 6 mm FWHM. Functional images were screened

for outlying volumes using the fMRI Artifact Correction Tool (FACT).

Outlier detection used a comparison of each volume with its two

neighbors in a realigned time series. FACT calculated the mean

squared differences between the previous and the next volume. The

smaller difference was a deviation score for each volume. Using

the method of Hubert and van der Veeken (2008), a threshold was

determined. If the deviation score of a volume exceeded this thresh-

old, the volume was considered an outlier. Each resulting outlying vol-

ume was included in the general linear model (GLM) as a regressor of

no interest.

These experimental conditions were included in the GLM for each

subject as regressors: CS + porn, CS + game, CS + money, CS�, UCSporn,

noUCSporn, UCSgame, noUCSgame, UCSmoney, noUCSmoney, noUCS�.

The first trial of each CS+ category and the first trial of the CS� were

modeled as regressors of no interest. CS and UCS events were mod-

eled as stick functions (0 s duration). The canonical hemodynamic

response function was used for the convolution of all regressors. The

six movement parameters were also included as regressors of no

interest. The time series was then filtered with a high pass filter (time

constant = 128 s). For each type of CS+, a CS+ � CS� contrast was

defined on the participant level. Additionally, the contrasts CS

+ porn � CS + money, CS + porn � CS + game, CS + money � CS + game

were defined on the participant level. On the group level, one sample

t tests for these contrasts were performed for each region of interest

(ROI) using small volume correction in SPM12 with p < .025 (FWE) to

apply Bonferroni correction for two sides of the ROI masks. ROI

masks (with a probability threshold of 50% and 2 mm resolution) for

the amygdala, NAcc, caudate nucleus, insula, and thalamus were

retrieved from the Harvard–Oxford cortical and subcortical structural

atlases (Harvard Center for Morphometric Analysis). Masks for ACC
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were created according to the division of Vogt (2009). The mOFC

mask was created with MARINA (Walter, 2003), which was done

using the anatomical parcellation of the brain published by Tzourio-

Mazoyer et al. (2002). Exploratory tests on the whole brain were con-

ducted using p < .05 (FWE).

3 | RESULTS

3.1 | Subjective ratings

The repeated-measurements analysis of variance (rmANOVA) with a

4 (CS type: CS + porn, CS + game, CS + money, CS�) � 2 (time: pre-

vs. post-acquisition) design on valence ratings revealed a significant

main effect of CS+ type and time (Table 1). There was also a signifi-

cant CS type � time interaction (Table 1).

Specifically, follow-up paired t tests showed, that pre-acquisition

valence ratings were not significantly different from each other except

for CS + money being rated as significantly more pleasant than CS

+ porn [t (29) = 2.98, p = .006, d = 0.544]. This finding may be spuri-

ous, as the examination of randomization of the CS symbols for CS

+ porn and CS + money using the chi-square test showed no significant

differences χ2 (3) = 1.421, p = .701. After the acquisition, the CS

+ porn [t (29) = 2.887, p = .004, d = 0.527], CS + game [t (29) = 3.404,

p < .001, d = 0.621] and CS + money [t (29) = 3.358, p = .001,

d = 0.613] were rated as more pleasant than the CS� (Figure 2).

Post-acquisition valence ratings did not differ significantly between

the CS+ types (all ps > .05). We also compared valence ratings of each

CS type before and after conditioning via follow-up paired t tests.

Each CS+ type was rated as more pleasant after the acquisition than

before, but not CS� (see Table 2). Overall, the valence ratings indicate

successful conditioning for each CS+ category.

TABLE 1 Main effects and
interaction effects from 4 (CS type: CS
+ porn, CS + game, CS + money, CS�) � 2
(time: pre-acquisition, post-acquisition)
rmANOVA for ratings of valence and
arousal.

Effect df F-value p-Value Part. η2

Valence CS type 3/87 5.33 .002 .155

Time 1/29 36.63 <.001 .558

CS type � Time interaction 3/87 2.86 .041 .09

Arousal CS type 2.69/78.05 5.85 .002 .168

Time 1/29 4.27 .048 .128

CS type � Time interaction 3/87 12.57 <.001 .302

Note: The 4 (CS type: CS + porn, CS + game, CS + money, CS�) � 2 (Time: pre vs. post) rmANOVA of

arousal ratings showed a significant main effect of CS+ type and Time (Table 1). There was also a

significant CS type � Time interaction (Table 1).

F IGURE 2 Analysis of valence ratings
between CS type categories before and
after the acquisition learning. The error
bars represent the standard error of the
mean (SEM). * indicates p < .05; **
indicates p < .01; *** indicates p < .001.
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We also conducted a post hoc comparison of valence ratings of

UCS�type sets after conditioning via one-tailed paired t tests. The set

of each subject's selected pornographic pictures was rated as signifi-

cantly more pleasant than the set of selected gaming-related pictures

[t = 1.88 (29), p = .035, d = 0.343]. However, we did not find signifi-

cant differences between other UCS set types (all ps > .05).

Specifically, the follow-up paired t test revealed that pre-

acquisition arousal ratings were not significantly different from each

other (all ps > .05) (Figure 3). After the acquisition, the CS + porn

[t (29) = 6.001, p < .001, d = 1.096], CS + game [t (29) = 3.807,

p < .001, d = 0.695] and CS + money [t (29) = 4.386, p < .001,

d = 0.801] were rated as more arousing than the CS� (Figure 3).

Additionally, the CS + porn was rated significantly more arousing than

CS + game [t (29) = 4.083, p < .001, d = 0.745.] after the acquisition.

There were no significant differences in arousal ratings after the

acquisition between the remaining CS+ types (all ps > .05). We also

compared arousal ratings of each CS type before and after condition-

ing via follow-up paired t tests. The CS + porn and the CS + money was

rated as more arousing after the acquisition than before, but not CS

+ game (Table 2). The CS� was rated as more arousing before condi-

tioning than after (Table 2). Overall, the arousal ratings indicate suc-

cessful conditioning for each CS+ category.

We also conducted a post hoc comparison of arousal ratings of

UCS�type sets after conditioning via one-tailed paired t tests. The set

of each subject selected pornographic pictures was rated as signifi-

cantly more arousing than set of selected gaming pictures [t (29)

= 5.79, p < .001, d = 1.057] and set of selected money pictures

[t (29) = 3.27, p = .001, d = 0.597]. There were no significant differ-

ences between arousal ratings of set of gaming pictures and set of

money pictures [t (29) = .47, p = .321].

3.2 | Skin conductance responses

The paired t tests revealed significant differences between CS + porn

and CS� [t(30) = 2.53, p = .009, d = 0.454], CS + money, and CS� [t

TABLE 2 Results of the analysis via
paired t tests of subjective ratings
between each type of CS before and
after acquisition learning.

Comparison t-Value (df) p-Value

Valence CS + porn post acq > CS + porn pre-acq 3.85 (29) <.001

CS + money post acq > CS + money pre-acq 1.76 (29) .045

CS + game post acq > CS + game pre-acq 2.83 (29) .004

CS� post acq vs. CS� pre-acq �.17 (29) .868

Arousal CS + porn post acq > CS + porn pre-acq 3.98 (29) <.001

CS + money post acq > CS + money pre-acq 2.17 (29) .019

CS + game post acq > CS + game pre-acq 1.57 (29) .064

CS� post acq vs. CS� pre-acq �3.51 (29) .001

F IGURE 3 Analysis of arousal ratings
between CS type categories before and
after the acquisition learning. The error
bars represent the SEM. * indicates
p < .05; ** indicates p < .01; ***
indicates p < .001.
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(30) = 2.02, p = .026, d = 0.363] and between CS + game and CS� [t

(30) = 1.81, p = .04, d = 0.325] in the FIR during appetitive condi-

tioning (Figure 4). The results of the FIR analysis suggest that appeti-

tive conditioning with CS + porn and CS + money was successful. There

were no significant differences between the types of CS+ in FIR (all

ps > .05). The paired t tests for SIR analysis found no significant differ-

ences between CS types (all ps > .05).

3.3 | Functional MRI

The main effects of appetitive conditioning for CS + porn (CS

+ porn � CS�) revealed increased BOLD responses in both sides of

the NAcc, right mOFC, and the right vACC (refer to Table 3 and,

Figure 5). No significant results were found on the whole brain level

for this contrast (all ps > .05). There were also no significant main

effects of conditioning on the whole brain level (all ps > .05) and in

our ROIs for CS + game � CS� and for CS + money � CS� (all

ps > .025). For a comprehensive overview of all results, including non-

significant findings, please refer to the supplementary materials.

There were significant differences between the presentation of CS

+ porn and CS + money in bilateral NAcc and dACC (Table 4). The BOLD

responses were also significantly higher during the presentation of CS

+ porn than CS + game in the left insula, left NAcc, bilateral dACC, and

bilateral thalamus (Table 4). There were no significant results for the con-

trast CS + money � CS + game (all ps > .025). No significant results were

found on the whole brain level for all three contrasts (all ps > .05).

3.4 | Sensitivity analysis

Since we did not find any significant results in CS + money � CS� and

CS + game- CS� contrast, we conducted a post hoc sensitivity analysis

using G-power software (Faul et al., 2007). The post hoc conducted

sensitivity analysis with a power of 0.8, n = 31, and α = .025,

revealed that the smallest effect detectable was dz = 0.52.

4 | DISCUSSION

This study aims to compare conditioning processes of pornographic,

monetary, and gaming-related rewards in the context of non-

F IGURE 4 SCRs (mS log-transformed) during the acquisition for
each type of CS in FIR (first interval response). The error bars
represent the SEM (standard error of mean). * indicates p < .05; **
indicates p < .01.

TABLE 3 Significant ROI activations during the acquisition phase for CS + porn � CS� contrast.

Structure Side k x y z zmax Tmax pFWE-corr

NAcc L 30 �6 8 �4 3.42 3.82 .005

NAcc R 56 8 8 �6 4.64 5.67 <.001

mOFC R 310 14 50 �4 4.21 4.97 .004

vACC R 854 12 42 6 3.80 4.35 .012

Note: The threshold for NAcc and mOFC was p < .025 (family-wise-error [FWE] and Bonferroni corrected). The threshold for vACC was p < .0125 (family-

wise-error [FWE] and Bonferroni corrected). All coordinates are given in MNI space. L: left hemisphere, R: right hemisphere.

F IGURE 5 Significant ROI activations during the presentation of
CS + porn in comparison to CS�. Displayed t-values are thresholded
between t > 3 and t < 6.
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pathological pornography and gaming use. It also investigates,

whether gaming screenshots can evoke CR due to conditioning learn-

ing and thus be rewarding for participants without problematic

gaming use.

Regarding valence and arousal ratings, we confirmed successful

appetitive conditioning for all CS+ types, as indicated by increased

post-acquisition valence and arousal ratings compared to the CS�.

Additionally, the CS + porn was rated as more arousing than the CS

+ game after the acquisition, possibly indicating greater excitement for

pornographic pictures than gaming screenshots. Regarding SCRs, we

found higher SCR during the presentation of each CS+ type relative

to the CS� in FIR. This finding also indicates the successful acquisition

of conditioning with all types of stimuli.

In addition, we found increased neural activations in the bilateral

NAcc, right mOFC and right vACC during the presentation of CS

+ porn compared to CS�. No significant differences were observed

during the presentation of the CS + money compared to the CS� or

the CS + game compared to the CS�. During the presentation of CS

+ porn compared to CS + money stronger BOLD-response in bilateral

NAcc and dACC were found. Comparing CS + porn to CS + game stron-

ger activations in the left insula, left NAcc, and both sides of dACC,

and thalamus could be identified. Overall, these results are mostly

consistent with our hypotheses. We will discuss these results, consid-

ering our main research questions.

4.1 | Pornographic stimuli

The results of the present study confirm and extend findings of previ-

ous studies (Klucken et al., 2009; Liberg et al., 2022; Markert

et al., 2021; Stark et al., 2019), showing activation in reward circuitry

(in bilateral NAcc, right mOFC, and right vACC) during conditioning

processes with pornographic rewards. They also align with previous

findings about the involvement of NAcc and insula in reward anticipa-

tion (Knutson & Greer, 2008) and the presumed function of ACC and

the insula in salience coding (Alexander et al., 2015; Rutledge

et al., 2010), as pornography is expected to be more salient than a

50 cents reward and gaming screenshots. Similar to the study by Stark

et al. (2019) a higher BOLD response was observed in the right mOFC

during the presentation of CS + porn relative to the control stimulus.

This result supports the assumption about the importance of mOFC in

the mental representation of reward outcomes (Peters &

Büchel, 2010). Given the evidence that activation in the striatum,

anterior insula, ACC, and mOFC/ vmPFC follows the “common cur-

rency theory” (Bartra et al., 2013; Elliott et al., 2008; Gu et al., 2019;

Kim et al., 2011; Kobayashi & Hsu, 2019; Levy & Glimcher, 2012;

Sescousse et al., 2015), the present results could mean that porno-

graphic rewards are preferred to small monetary rewards and gaming

stimuli. The fact that CS + porn was rated in our study as more plea-

surable and arousing than CS� is consistent with studies by Klucken

et al. (2009, 2016). Finally, our skin conductance results were similar

to those of Klucken et al. (2009, 2016). Since the SCR data are a phys-

iological measure of arousal (Khalfa et al., 2002), both SCR data and

arousal ratings indicate that expecting pornographic pictures induced

arousal in participants. Overall, the results from our study regarding all

three types of CRs confirm the highly rewarding properties of porno-

graphic stimuli in affective learning processes.

4.2 | Monetary and gaming stimuli

The valence and arousal ratings as well as the SCR data in the FIR

indicate that acquisition of conditioning with monetary rewards and

gaming stimuli was successful. These results with monetary rewards

are in line with previous studies, that found similar effects on ratings

(Klucken et al., 2019; Kruse et al., 2018; Tapia León et al., 2019). The

arousal ratings and SCR data both support the assumption that

expecting monetary and gaming stimuli constantly induced arousal. It

is possible that this arousal conditioning effect occurred because the

presentation of monetary and gaming pictures is more exciting than

the presentation of a black screen (in the case of CS�). The higher

valence ratings of CS + money and CS + game compared to CS� could

TABLE 4 Significant differences in ROIs during the acquisition phase between CS+ categories.

Contrast Structure Side k x y z zmax Tmax pFWE-corr

CS + porn � CS + money NAcc L 40 �10 14 �4 3.00 3.28 .016

NAcc R 26 6 8 �4 3.00 3.27 .014

dACC L 709 �8 24 26 3.92 4.53 .007

dACC R 765 10 22 28 3.65 4.13 .016

CS + porn � CS + game Insula L 185 �32 16 �6 4.20 4.96 .002

NAcc L 38 �8 12 �4 3.31 3.67 .007

dACC L 790 �8 24 26 4.74 5.85 <.001

dACC R 801 10 20 32 3.92 4.53 .007

Thalamus L 338 �20 �28 12 3.84 4.41 .012

Thalamus R 288 6 �10 16 3.64 4.12 .023

Note: The threshold was p < .025 (family-wise-error [FWE] and Bonferroni corrected). The threshold for vACC was p < .0125 (family-wise-error [FWE] and

Bonferroni corrected). All coordinates are given in MNI space. L: left hemisphere, R: right hemisphere.
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indicate the appetitive value of monetary and gaming rewards. Nota-

bly, there were no increased activations in brain areas, usually

involved in appetitive conditioning during the presentation of CS

+ money and CS + game compared to CS�. These fMRI results of CS

+ money compared to CS� contradict previous studies, which show

activation in reward brain areas during the presentation of a CS, which

predicted monetary reward compared to a control stimulus (Y. Chen

et al., 2022; Jauhar et al., 2021; Klucken et al., 2019; Kruse

et al., 2018; Tapia León et al., 2019). The fMRI results of CS + game

compared to CS� align with previous cue-reactivity studies, which

found no activation in reward circuitry in the sample without problem-

atic gaming (Ko et al., 2009; L. Liu et al., 2017). This also contradicts

the assumption that CS + game could evoke such activation in a sam-

ple without problematic gaming due to the aesthetic properties of

gaming screenshots.

The following section discusses the reasons and implications for

these findings. Since the conditioning in the present study was done

with pornographic, monetary, and gaming rewards in the same experi-

mental paradigm, this could mean that CS + money and CS + game are

associated with secondary rewards, but also represent an omission of

a pornographic reward. An important property of the organism is to

detect exactly which reward is announced by which stimuli, but also

by which stimuli an alternative reward or its omission can be obtained.

This could mean that these announcement stimuli are processed

ambivalently and therefore do not activate the reward network unam-

biguously. Additionally, overshadowing effects of monetary and gam-

ing rewards (and, respectively, from CS + money and CS + game) may

have occurred towards pornographic rewards (and, respectively,

towards CS + porn) due to their presentation in the same experimental

paradigm and possibly because pornographic rewards have greater

reward value than monetary and gaming rewards. This could be

explained by the shift in attention from secondary to primary

amplifiers.

To gain more clarity regarding this interpretation, a post hoc com-

parison of activation in ROIs during each type of UCS presentation

(see supplementary materials) was conducted. Thus, we compared the

BOLD response in the ROIs during UCSporn � UCSgame contrast and

found significant higher BOLD response in the insula, NAcc, mOFC,

vACC, dACC, thalamus, and amygdala (all ROIs bilaterally). Since all

these regions are not only involved in reward anticipation but also

reward consumption (Dillon et al., 2008; Knutson et al., 2003; X. Liu

et al., 2011; Oldham et al., 2018; Rademacher et al., 2010; Sescousse

et al., 2013), this post hoc analysis supports the proposition that por-

nographic stimuli hold more reward value than gaming stimuli. A

reverse contrast UCSgame � UCSporn revealed no significant differ-

ences in the BOLD response in the ROIs. We also compared post hoc

the activation in the ROIs during UCSporn � UCSmoney contrast and

found a significantly higher BOLD response in the right NAcc (see

supplementary materials). The reversed comparison UCSmo-

ney � UCSporn revealed no significant results in the ROIs. These results

support the interpretation of a higher reward value of pornography

compared to a small monetary reward. Finally, we observed a signifi-

cantly higher BOLD-response in both sides of anterior insula, NAcc

and in right mOFC during the UCSmoney compared to UCSgame. These

results are also in line with our hypothesis, that monetary gains should

hold greater reward value for healthy people than gaming screen-

shots. Furthermore, we conducted post hoc analyses of UCS ratings

on arousal and valence scales after conditioning with paired t tests.

The results also support our interpretation of the main results since

the set of each subject selected pornographic pictures was rated as

significantly more arousing than a set of selected gaming pictures and

a set of selected money pictures. The valence ratings evaluation

results of the UCS categories after conditioning with paired t tests

only partially support our interpretations. Thus, the set of each sub-

ject's selected pornographic pictures was rated as significantly more

pleasant than the set of selected gaming-related pictures. We found

the expected difference between the valence ratings of the UCSporn

set and the UCSmoney set at the descriptive level; however, this differ-

ence was not significant. Therefore, these explanations illustrate that

affective learning processes are very sensitive and specific, integrating

many different pieces of information and the context of the informa-

tion. Furthermore, both processes (reward omission and overshadow-

ing) are not mutually exclusive but can occur together.

Interestingly, we found significant differences between CS

+ money and CS + game and CS� in valence and arousal ratings and in

SCR data, but no relevant differences between these stimuli were

found at the neural level, even though some of the ROIs (e.g., the

anterior insula and NAcc) are thought to be involved in arousal-related

salience coding (Knutson & Greer, 2008). One possible explanation

for this discrepancy in results is that the existing sample demonstrated

sufficient test power to detect differences in ratings and SCR data but

not in MRI data, since the smallest effect, which is possible to detect

with our tests, is estimated to be dz = 0.52. Therefore, the non-

significant results in CS + money– CS� and CS + game � CS� should

not necessarily lead to the conclusion that there are no activations in

the ROIs during these contrasts. Another explanation comes from fear

conditioning studies, which presume, that different outcome mea-

sures may represent slightly different aspects of learning

(Jambazova, 2021; Lonsdorf et al., 2017; Sevenster et al., 2014),

which may also be possible in the case of appetitive conditioning.

Indeed some appetitive conditioning studies have also shown differ-

ent results in different outcome measures of CR (Klucken et al., 2009).

4.3 | General discussion, limitations, and future
directions

Overall, the results of the present study indicate that pornographic

stimuli (primary rewards) enable appetitive affective learning pro-

cesses and strong conditioning effects in human subjects. Thus, appe-

titive learning with primary reinforcers appears to be less impaired

when secondary reinforcers are simultaneously presented, underscor-

ing the ecological role of primary reinforcers. This explanation is in line

with the assumption that primary rewards typically hold more appeti-

tive value than non-primary rewards (Sescousse et al., 2013). In this

sense, omission and overshadowing effects could influence appetitive
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learning processes with secondary reinforces more strongly. Future

studies could delve deeper into the exact mechanisms of these

effects. In other words, these results suggest that primary and second-

ary reinforcers are evaluated and processed differently depending on

whether they are presented together or separately in an experiment.

This explanation aligns with the “common neural currency” theory

(Montague & Berns, 2002), which proposes that values of different

rewards are compared on a single scale, leading to increased activity

in reward-related brain areas as the reward value increases (Levy &

Glimcher, 2012).

However, it is important to note that the results of the present

study do not allow for a general conclusion about processing all types

of primary and secondary rewards, but only for the types of stimuli

used in this study. This limitation may arise from the fact that such

rewards can vary greatly, and their value can also be influenced by

factors such as the size of the reward and the conditions of the sub-

jects (hunger, socioeconomic status, etc.) (Kennerley et al., 2009).

Future studies might consider comparing other types of primary and

secondary rewards in a conditioning paradigm to gain a better under-

standing on the differences and similarities between these two types

of reward.

The results of the present study suggest that gaming screenshots

hold a lower reward value for healthy men compared to pornographic

material. In the same experimental paradigm with pornographic

rewards, conditioning with gaming screenshots evoked only CRs on

the subjective and SCR-levels but not on the neural level. This inter-

pretation was also supported by post hoc comparisons of activations

during the presentation of UCSporn and UCSgame (see supplementary

materials) and of subjective ratings of UCSporn and UCSgame. This find-

ing is in line with the conclusions from Meerkerk et al. (2006) about

pornography having the highest addictive potential among all internet

activities. However, it is worth to compare the conditioning processes

using video sequences from different video games instead of gaming

screenshots as it may provide a more immersive experience of being

in the game world. However, we cannot definitely state, that gaming

screenshots were not rewarding at all, as conditioning with

gaming stimuli was successful, evoking pronounced CR in SCR data

and subjective ratings. It would be crucial to investigate conditioning

processes with gaming-related stimuli in a healthy sample without

other rewards in the same experimental paradigm to determine if CS

+ game would evoke CR on the neural level.

Finally, we observed, that different outcome measures in the con-

ditioning task did not always yield consistent results. For pornographic

stimuli, significant effects were found in all three outcome measures

(BOLD-response, subjective ratings, and SCR data). However, for

monetary and gaming-related stimuli, effects were only observed in

ratings and SCR data. These results suggest potential differences

in effect size across various reward conditions. Indeed, this possible

explanation would be in line with our interpretation of results, since a

smaller effect size in monetary and gaming compared to pornography

condition would also speak for greater reward value of pornographic

stimuli. Alternatively, these results could also suggest that different

outcome measures represent slightly different aspects of learning

(Jambazova, 2021; Lonsdorf et al., 2017; Sevenster et al., 2014),

which is consistent with the findings of another appetitive condition-

ing study (Klucken et al., 2009). Future studies with larger sample

sizes would be necessary to validate our interpretations.

One limitation of this study is the sample, which only included

male participants. The results of previous research have been incon-

clusive. For example, one study showed no differences at the neural

level in the conditioning processes with pornographic material

between sexes (Stark et al., 2019), while another study found differ-

ences (Klucken et al., 2009). It is unclear if the brain responses would

be different in a female sample using a paradigm with different stimuli

besides pornographic ones. It is possible that anticipating porno-

graphic material in females does not lead to overshadowing effects

compared to other rewards, which could possibly explain why women

seem to use pornography less often than males (Lewczuk et al., 2022;

Petersen & Hyde, 2010; Solano et al., 2020) and why men report

more problematic pornography use (Tan et al., 2022). However, this is

one possible speculation, that requires further exploration. It should

also be borne in mind that there are other explanations for the fact

that women seem to consume less pornography. For example, some

studies have shown that other factors seem to be important for

women when viewing sexual material than for men and that women

and men may perceive different stimuli as sexually arousing (Rupp &

Wallen, 2008). It could be that pornographic material is currently

designed to evoke sexual arousal in men rather than women. It should

also be taken into account in future studies choosing appropriate sex-

ual material for investigating conditioning processes in samples with

women.

Previous studies have shown that nicotine consumption (and nic-

otine dependence) could impact the processing of other types of

rewards (e.g., monetary reward) (Lin et al., 2020; Peters et al., 2011).

Unfortunately, the measure of nicotine consumption and the potential

cessation of nicotine were not included as a covariate in this study.

We recommend taking this into account in future studies to eliminate

or control the potential influence of nicotine consumption.

Finally, another potential area for future studies could be explor-

ing the functional connectivity within reward-related brain areas. An

example of a possible research question would be the investigation

whether the regions of interest are also more strongly functionally

connected when anticipating pornographic rewards compared to small

monetary rewards or gaming stimuli. If this were the case, it would

support the interpretation of the high addictive potential of

pornography.

4.4 | Conclusions

The results of the present study demonstrate successful conditioning

with pornographic rewards. In line with previous studies, activations

were observed during the anticipation of a pornographic reward in

bilateral NAcc, the right mOFC, and right vACC compared to the con-

trol condition. Additionally, we found higher activation during the

anticipation of a pornographic reward compared to a monetary
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reward in bilateral NAcc and dACC and higher activation in left NAcc

and insula as well as bilateral dACC and thalamus compared to the

anticipation of gaming screenshots. These findings suggest show that

different processes emerge depending on whether primary and sec-

ondary stimuli are presented separately or together. Future research

should keep it in mind whether they want to examine primary and

secondary reinforcers together in one experiment.
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