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Based on its prevalence, there is an urgent need to better understand the mechanisms, opportunities and risks of sexual interaction in digital contexts (SIDC) that are related with sexual arousal. While there is a growing body of literature on SIDC, there is also a lack of conceptual clarity and classification. Therefore, based on a conceptual analysis, we propose to distinguish between sexual interaction (1) through, (2) via, and (3) with digital technologies. (1) Sexual interactions through digital technologies are face-to-face sexual interactions that (a) have been started digitally (e.g., people initiating face-to-face sexual encounters through adult dating apps) or (b) are accompanied by digital technology (e.g., couples augmenting their face-to-face sexual encounters through filming themselves during the act and publishing the amateur pornography online). (2) Sexual interactions via digital technology are technology-mediated interpersonal sexual interactions (e.g., via text chat: cybersex; via smartphone: sexting; via webcam: webcam sex/camming). (3) Sexual interactions with digital technology occur when the technology itself has the role of an interaction partner (e.g., sexual interaction with a sex robot or with a media persona in pornography). The three types of SIDC and their respective subtypes are explained and backed up with empirical studies that are grouped according to two major mediators: consent and commerce. Regarding the causes and consequences of the three types of SIDC we suggest a classification that entails biological, psychological, social, economic, and technological factors. Regarding implications of SIDC we suggest to focus on both opportunities and risks for sexual health. The proposed conceptual framework of SIDC is meant to inform future research.
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INTRODUCTION

A significant amount of digital media use is sexuality-related and involves, for example, online pornography, sex dating apps, webcam sex, or the use of remote-controlled sex toys. Studies show that 68% of digital media users have been involved in some sort of sexual interaction in digital contexts (Döring and Mohseni, 2018). There is a growing body of literature on sexuality-related Internet and smartphone use and its effects, particularly its public health and sexual health impacts (e.g., sexual addiction and aggression, but also sexual pleasure, intimacy, and well-being). The literature database PubMed alone documents 5127 publications for the search term combination “online” and “sexual∗” in the paper title or abstract (as of August 2021). However, there is still a lack of conceptual clarity and classification of different types of sexuality-related activities that involve digital technologies. Hence, the aim of this conceptual analysis article is to develop a conceptual framework that covers and structures different types of sexual interaction in digital contexts and helps to disentangle opportunities and risks for sexual health.



DEFINITION OF SEXUAL INTERACTION IN DIGITAL CONTEXTS

The literature offers several umbrella terms to address sexuality-related digital media use such as “Internet sexuality” or “online sexual activities” (see Table 1). One problem with some of these concepts is, that they focus on the Internet as the key technology. As the digital media landscape is ever changing and more people are involved in sexuality-related activities with their smartphones (Anzani et al., 2018), there is a need to complement the old umbrella terms “Internet sexuality” and “online sexual activities” with new terms such as “smartphone sexuality” and “mobile sexual activities”, respectively. As possibly more people will be involved in sexuality-related activities with social and sexual robots in the future (Döring et al., 2020), one would need an additional term such as “robot sexuality” or “robot-enabled sexual activities” to address this emerging field. Avoiding a surplus of technology-specific terms, we suggest to refer to “digital contexts” of sexuality-related activities instead, to be as technology-inclusive as possible.


TABLE 1. Umbrella terms for sexuality-related digital technology use and their conceptual breadth.
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The umbrella term “digisexuality” (see Table 1) has already been introduced and attempts to overcome a too narrow technology focus as it includes a variety of digital technologies (McArthur and Twist, 2017). However, this umbrella term covers both sexuality-related activities that are related to sexual arousal (e.g., using online pornography, exchanging sexual messages with a steady partner or with a stranger) but also sexuality-related activities that are not related to sexual arousal (e.g., searching for sexual health information, campaigning for sexual rights with an online activist group). Both the causes and the consequences of arousal-oriented and non-arousal-oriented activities differ substantially (e.g., people might develop an addictive use of arousal-oriented but not of non-arousal-oriented applications; Griffiths, 2012). Hence, we suggest not to mix arousal and non-arousal activities.

Looking for umbrella terms that specifically focus on arousal-related sexual activities in digital contexts, we identified the terms “cyberintimacy”, “cybersex”, “sexting”, and “technology-mediated sexual interaction”. However, at a closer look, they were either not sufficiently arousal-oriented (e.g., “cyberintimacy”) or not sufficiently technology-inclusive (e.g., “cybersex”, “sexting”). That leaves “technology-mediated sexual interaction” as the seemingly best term (see Table 1).

The problem with the concept “technology-mediated sexual interaction” (TMSI), though, is its focus on one type of sexual interaction only, namely the interpersonal interaction that is mediated by technology (e.g., a couple living in a long-distance relationship experiencing sexual intimacy with each other via an online videoconference system; Courtice and Shaughnessy, 2017). When people deal with digital technologies in an arousal-oriented sexual manner, two further types of interaction are relevant: The technology can not only mediate the interpersonal interaction, it can also enable and shape a sexual face-to-face interaction (e.g., an online dating app enables offline sexual encounters among people who would not have met without the app; Timmermans and Courtois, 2018). Furthermore, there is considerable sexual interaction between the user and the technology itself in the role of an interaction partner, particularly with AI (artificial intelligence)-enhanced technologies such as software sexbots and hardware sex robots (e.g., people engaging in sexual interactions with a sex robot; Szczuka and Krämer, 2017b). These two additional and relevant types of interaction are not covered by the TMSI concept.

Hence, we propose the concept Sexual Interaction in Digital Contexts (SIDC) as a new umbrella term that is technology-inclusive, arousal-oriented and covers three types of sexual interactions (see Table 1). We define SIDC as interaction associated with sexual arousal that involves the use of digital technology. According to the Media Equation Approach and the Computers Are Social Actors (CASA) Approach, it is theoretically and empirically well established that people experience and treat media content and digital technologies like social actors (Reeves and Nass, 1996; Krämer, 2008), thus the term “interaction” is applicable to sexual interactions between people, between people and digital media content (e.g., between a person and a media persona such as a porn actor on the screen), and between people and digital artifacts in both virtual and material form (e.g., between a person and a software sexbot or a hardware sex robot). The idea that people can in fact be involved in meaningful social and sexual interactions with media personas or with anthropomorphic artifacts is also a core element of the theory of Para-Social Interactions (PSI) and Para-Social Relationships (PSR; Horton and Wohl, 1956; Dibble et al., 2016).

Sexual interaction in digital contexts covers arousal-oriented interactions that are either solitary-arousal activities (e.g., digital pornography use during masturbation) or partnered-arousal activities (e.g., digital pornography use during sexual intercourse; Shaughnessy et al., 2017). The term SIDC does not include sexuality-related non-arousal activities in digital environments such as sexuality-related online information search, sexual health communication, or political online activism by and for sexual minorities.



CONCEPTUAL ANALYSIS OF SEXUAL INTERACTION IN DIGITAL CONTEXTS

This conceptual analysis article explores the concept of SIDC. A “concept” is understood as an abstraction of a phenomenon that is defined by its components and their interrelations (Jabareen, 2009). To identify and structure the main components of SIDC, we underwent an analytical process adopted from related process models suggested in the literature on conceptual analysis (Bröder et al., 2019 drawing on Jabareen, 2009 and Rodgers, 2000) that entailed six main steps:


1. Searching for relevant theoretical and empirical English-language contributions on the target concept of SIDC (sexual interaction in digital contexts).

2. Reading and categorizing the selected publications.

3. Identifying and naming the main dimensions and components of the target concept based on the literature.

4. Deconstructing the dimension and component attributes, (re)grouping and integrating the dimensions and components into one conceptual model through several rounds of brainstorming and discussion among authors.

5. Validating and revising the conceptual model through critical discussions within the academic setting.

6. Identifying hypotheses and implications for future research and development regarding the target concept based on the conceptual model.




Three Types of Sexual Interaction in Digital Contexts

At the core of the resulting conceptual framework of SIDC is the differentiation of the three already mentioned types of interaction: sexual interaction through, via and with digital technology (see Table 2). Each of the three types has several subtypes that will be elaborated below.


TABLE 2. Classification and illustration of the three main types of SIDC: through, via, with.
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Five Types of Causes and Consequences of Sexual Interaction in Digital Contexts

Further core components of the SIDC model are the causes and consequences of the different types of sexual interactions through, via, and with technology. The conceptual analysis led to a five-component model of causes and consequences that cover biological, psychological, social, economic and technological factors (see Table 3). This conceptualization is based on the Bio-Psycho-Social Model of Health (Engel, 1977; Lindau et al., 2003) and the Bio-Psycho-Social-Model of Sexuality (Shaeer et al., 2017; Leavitt et al., 2021). The bio-psycho-social model encourages to look at health and sexuality not as something purely biomedical or physical, but to acknowledge the multiple biological, psychological and social dimensions involved. To the well-established bio-psycho-social model of health and of sexuality with thousands of publications we added economic and technological factors as both are particularly important in sexual interaction in digital contexts: Access to some digital contexts (e.g., digital dating services such as Tinder or Grindr) requires economic resources, while active-productive participation in some digital contexts (e.g., adult content platforms such as PornHub or MyDirtyHobby) provides economic resources. This conceptualization of five types of causes and consequences of SIDC integrates a large variety of variables discussed in the literature in a structured way (see Table 3). For each type of sexual interaction in digital contexts (through, via, with) multiple biological, psychological, social, economic and technological causes and consequences are expected.


TABLE 3. Classification and illustration of the five types of causes and consequences of SIDC.

[image: Table 3]
In public and academic discourses on SIDC negative general health outcomes (e.g., depression) and negative sexual health outcomes (e.g., addictive sexual behaviors, sexual aggression, sexual victimization, HIV/STI transmission) are a major concern (Döring, 2009). Often it has been assumed, that sexual expression in digital contexts is unnatural, risky and harmful per se (Rimm, 1994; Bull and McFarlane, 2000; Dwyer, 2005; Diliberto and Mattey, 2009). However, it has also been argued, that digital contexts offer new opportunities for helpful and beneficial sexual exploration (Dir and Cyders, 2015). Particularly the Positive Sexuality Approach (Williams et al., 2015) and the Positive Technology Approach (Riva et al., 2012), both rooted in the Positive Psychology Approach (Seligman and Csikszentmihalyi, 2014), are applicable to SIDC and stress the multiple opportunities for sexual and overall well-being. From the perspective of the digital technology users themselves, but also external observers such as researchers and clinical experts, some SIDC consequences are clearly evaluated as negative health outcomes (e.g., increased sexual frustration, insecurity, anxiety, trauma), while others as positive outcomes (e.g., improved sexual well-being, intimacy, confidence, pleasure).

Empirical research shows that people from the general population involved in SIDC tend to report both negative and positive outcomes, with positive outcomes often predominating (Shaughnessy et al., 2014; Döring and Mohseni, 2018; Courtice et al., 2021). However, type and intensity of reported individual consequences and overall outcomes vary greatly depending on the selection of outcome measures, the characteristics of the digital technology users (e.g., age, gender), and the type of sexual interaction involved (e.g., Lefkowitz and Vasilenko, 2014; O’Sullivan, 2014).



Two Mediators of Sexual Interaction in Digital Contexts

Our conceptual analysis led to the identification of two main mediators: consent and commerce.


Consent: (Non)consensual Sexual Interaction in Digital Contexts

The literature has recognized many forms of non-consensual sexual interactions in digital contexts based on peer pressure, extortion, deception, threat etc. (Henry and Powell, 2018). The causes, characteristics and consequences of non-consensual sexual interactions differ significantly from consensual interactions. For example, consensual sexting is linked with positive consequences (e.g., pleasure, trust, confidence), while non-consensual sexting is linked with negative consequences (e.g., fear, anger, depression, self-harm; Wachs et al., 2021). Hence, consent is integrated as a mediator or intervening variable in our SIDC model.

The digital media user can be in the role of both the victim of non-consensual activities of others (e.g., being urged to participate in unwanted sexing) or the perpetrator (e.g., urging somebody else to participate in unwanted sexting; van Ouytsel et al., 2021). The literature describes consensual as well as non-consensual sexual interactions through, via, and with technology (e.g., Zytko et al., 2021). Examples of non-consensual interactions are sexual harassment or rape in face-to-face interactions enabled through sex dating apps (e.g., as revealed in the ABC News documentary “Tinder: Investigation reveals the dark side of the dating app”; ABC News In-depth, 2020), unwanted initiation of sexual interactions via technology (e.g., webcam exhibitionism in front of children or non-consenting adults; Jones, 2010), and violent interactions with technological artifacts (e.g., so-called “rape” of a sex robot; Danaher, 2017).



Commerce: (Non)commercial Sexual Interaction in Digital Contexts

Commerce is the second mediator integrated in the model. By definition, commercial sexual interactions involve the exchange of money or its equivalent, while non-commercial sexual interactions do not (Harcourt and Donovan, 2005). The relevance of commercial sex in digital contexts is based on both a growing supply and a growing demand in this field (Bernstein, 2007; Cunningham and Kendall, 2011; Minichiello et al., 2013; Sanders et al., 2018): People formerly not involved in commercial sex have now started both providing and buying commercial sexual services in digital contexts because digital contexts seem to be safer and more discreet than offline contexts. The literature addresses both non-commercial sex and commercial sex in digital contexts, each characterized by different causes, characteristics and consequences (Hakim, 2015; Jones, 2015).

The digital technology user can be in the role of both the commercial service provider (e.g., providing a live sex show via webcam for paying subscribers; Bleakley, 2014) or the client (e.g., paying to watch a live sex show via webcam; Weiss, 2018). While some authors describe low-threshold commercial webcam sex as a problem because it expands the commercial sex market and fosters a general commodification of sex, other authors point to the advantages of mediated commercial sex free from any risk of STI transmission or physical violence. Further examples of commercial SIDC are the use of digital technologies by sex workers to search for new offline clients (e.g., advertising own services in specialized apps or on personal websites; Pajnik, 2015) and digital artifacts being involved in sex work (e.g., “sex robot brothels” where one can rent a sex robot; Döring et al., 2020). Some authors expect positive social consequences of sex robots when they substitute commercial sex workers while they expect negative consequences of sex robots when they substitute non-commercial sexual partners (e.g., Yeoman and Mars, 2012; Woodward, 2020).




Causal Interrelations Between Elements of the Sexual Interaction in Digital Contexts Model

The interrelations between the different dimensions and components are another core element of any conceptual model (Jabareen, 2009; Bröder et al., 2019). As SIDC addresses arousal-oriented sexual media and technology use behavior, we appropriated the most inclusive media use and effects theory available in the literature, the Differential Susceptibility to Media Effects Model (DSMM; Valkenburg and Peter, 2013), that has already been successfully applied to sexuality-related digital media use (Peter and Valkenburg, 2016).

The model rejects media deterministic assumptions that simply explain media effects with media characteristics. Instead, it emphasizes the importance of individual predispositions for media use. These predispositions not only influence as predictor variables which digital media technologies are used in what ways; they also influence as moderator variables which immediate reactions to media use arise, which are precursors of media effects. Finally, the DSMM conceptualizes media effects as transactional factors that in turn influence predispositions, media use and the reactions experienced after media use. These repercussions of the media effects on future media use and media experiences are covered in Figure 1. There are also interdependencies between the causes (e.g., biological factors such as sexual hormone status can interact with psychological factors such as sexual motivation) and between the consequences (e.g., a social consequence such as a relationship breakup due to cyberinfidelity is often linked with psychological and economic consequences as well). Those interdependencies are not depicted in Figure 1, though, for the sake of clarity of the visualization.


[image: image]

FIGURE 1. Conceptual model of sexual interaction in digital contexts (SIDC).




The Sexual Interaction in Digital Contexts Model

The final SIDC model including the three types of sexual interaction through, via, and with digital technology, the five types of causes and consequences, the two mediators consent and commerce and the main causal interrelations of the components is visualized in Figure 1.

The model will be elaborated further in the following sections that address each type of sexual interaction (through, via and with digital technology) separately with its respective subtypes.




SEXUAL INTERACTION THROUGH DIGITAL TECHNOLOGIES

Sexual interaction through digital technologies is a SIDC type that focuses on the face-to-face sexual encounter and how it is enabled or shaped through digital technology use.


Three Subtypes

For sexual interaction through digital technologies three subtypes can be identified (see Table 4).


TABLE 4. Sexual interactions THROUGH digital technologies: subtypes.
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Using Digital Media to Search for Face-to-Face Sexual Interactions

The first subtype addresses people initiating face-to-face sexual interactions through social media platforms and digital dating services (see Table 4). According to the main mediators consent and commerce, the literature describes this subtype very differently: consensual non-commercial initiation of offline sexual encounters in digital contexts is often characterized as an interesting (albeit somewhat risky) opportunity to improve one’s social and sexual life (Sevcikova and Daneback, 2011; Hobbs et al., 2017; Timmermans and Courtois, 2018; Wu and Ward, 2018; Jung et al., 2019). Attempts of non-consensual initiation of offline sexual encounters in digital contexts are described, however, as unethical and illegal grooming of children or harassment of adults (Malesky, 2007; Thompson, 2018; Greene-Colozzi et al., 2020). When it comes to commercial sex, the literature acknowledges opportunities of reaching clients on social media or dating platform for self-determined sex workers of different genders and sexual identities (Brennan, 2017; Kingston and Smith, 2020; Mergenthaler and Yasseri, 2021; Morris, 2021). At the same time, digital technologies are also characterized as dangerous because young women in particular can be lured and pressured by older men into the digital paysex market without them being able to fully consent, sex trafficking takes place online and prostitutes are contacted online by offenders (Beckham and Prohaska, 2012; Jonsson et al., 2014; O’Brien and Li, 2020; see Table 4).



Using Digital Media Content During Face-to-Face Sexual Interactions

The second subtype focuses on people shaping their face-to-face sexual encounters through joint use of sexually explicit digital media content (see Table 4). Watching digital pornography together directly before and/or during sexual activities can shape the face-to-face sexual encounter in such a way that the content triggers couples to speak more openly about their sexual needs, inspires them to try out new sexual practices or enhances and prolongs their arousal (Sun et al., 2016; Kohut et al., 2018; Johnson et al., 2019; Willoughby and Leonhardt, 2020). This consensual use pattern needs to be differentiated from non-consensual use where the victim is forced to participate in joint pornography watching. For example, offenders against children sometimes force their victims to watch pornography together with them (Langevin and Curnoe, 2004). While consensual and non-consensual use of pornography may play a role in commercial sexual encounters as well, we could not find research on these issues (see Table 4).



Producing Digital Media Content During Face-to-Face Sexual Interactions

The third subtype addresses people shaping their face-to-face sexual encounters through joint recording, streaming or otherwise digitally documenting their sexual endeavors (see Table 4). This activity is often referred to as the production of amateur pornography (Ruberg, 2016). Some individuals and couples digitally document and share their sexual activities just out of curiosity and fun (Schwarz, 2010), while others do it with commercial interest in a more or less professionalized form (Hofer, 2014), still trying to express authenticity (Stardust, 2019). Users involved in either non-commercial or commercial digital recording and sharing of their sexual interactions are vulnerable for consent violations in the form of wide circulation of the material against their will (so-called “revenge porn”; Eaton et al., 2020) or consent violations in the form of pressured or unwanted activities in front of the camera (Boyle, 2011).




Causes and Consequences

What causes people to get involved in sexual interaction through digital technology, i.e., to search online for offline sexual partners and to consume or produce pornography during face-to-face sexual encounters? Research points to bio-psycho-social push factors meaning that particularly younger, non-heterosexual, male individuals with certain personality characteristics (e.g., sensation seeking) are more likely to get involved (Aretz et al., 2017; Wu and Ward, 2018; Bonilla-Zorita et al., 2020). Also, economic and technological pull factors that enable the respective behaviors need to be taken into consideration (e.g., convenient location-based search for potential partners through dating apps or easy access to smartphone camera and streaming apps during sexual encounters; Choi et al., 2017).

Regarding consequences of sexual interaction through digital technology, previous research has shown both negative and positive outcomes on general and sexual health. Involvement in sexual interaction through digital technologies could reduce sexual isolation, improve sexual satisfaction and provide validation of one’s own sexual identity (Hobbs et al., 2017), however, at the same time it is related to risks of sexual harassment or infidelity, addiction-like usage patterns and increased consumer mentality toward sexual partners (Couch et al., 2012; Choi et al., 2017). Consent turned out to be a key mediator as non-consensual interactions were linked to negative (Eaton et al., 2020) and consensual interactions to positive outcomes (Lemke and Merz, 2018). Consent is relevant in that regard not only for non-commercial, but also for commercial interactions: While the possibility to advertise own sexual services online has been economically beneficial for many sex workers (Mergenthaler and Yasseri, 2021), both private and commercial users are exposed to the risks of their intimate data being misused (Beckham and Prohaska, 2012; Greene-Colozzi et al., 2020).




SEXUAL INTERACTION VIA DIGITAL TECHNOLOGIES

Sexual interaction via digital technologies is a SIDC type that focuses on technology-mediated interpersonal sexual encounters.


Three Subtypes

Three subtypes can be differentiated for sexual interaction via digital technology (see Table 5).


TABLE 5. Sexual interactions VIA digital technologies: subtypes.
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Technology-Mediated Sexual Interactions via Digital Media Communication

The first subtype addresses people experiencing technology-mediated sexual interactions via digital media communication (see Table 5). The technologically mediated sexual interaction can be based on digital text communication (often called “cybersex”; Carvalheira and Gomes, 2003), digital audio communication (often called “telephone sex”; Selmi, 2014), digital image communication (often called “sexting”; Döring, 2014) and/or digital video communication (often called “webcam sex” or “camming”; Henry and Farvid, 2017). According to the main mediators consent and commerce, the literature characterizes consensual non-commercial technology-mediated sexual encounters as creative and convenient forms of sexual intimacy for both singles and people in committed relationships (Beyens and Eggermont, 2014). At the same time, technology-mediated sexual interactions are described as risky, particularly because of boundary violations and non-consensual behaviors such as dissemination or publication of privately shared intimate messages against the will of the participant (e.g., so-called “revenge porn” or “image-based abuse”), non-consensual moves during the interaction (e.g., unsolicited sending of sexually explicit images such as “dick pics”) and technology-mediated sexual abuse of children (e.g., adults manipulating children into sending semi-nude pictures; Henry et al., 2018; Mandau, 2020; Mckinlay and Lavis, 2020; Naezer and van Oosterhout, 2021). In the context of commercial sex, the literature generally portrays technology-mediated sex work as a safer form of sexual labor that allows services providers even to become entrepreneurs (Podlas, 2000; Bleakley, 2014; Selmi, 2014; Jones, 2016; Weiss, 2018). At the same time, digital commercial sex services in the form of technology-mediated live interactions are associated with specific risks such as harassment or child prostitution (Jones, 2016; Açar, 2017; see Table 5).



Technology-Mediated Sexual Interactions via Immersive Virtual Environments

The second subtype concerns people experiencing technology-mediated sexual interactions via immersive virtual environments (see Table 5). A typical example of an immersive virtual environment is a virtual world such as Second Life. Virtual worlds are computer-simulated representations of fictional worlds, where users synchronously interact with each other via virtual representations of themselves called “avatars” (Bell, 2008). Among these interpersonal interactions are also sexual interactions often labeled as “avatar sex” (Wardle, 2018). People involved in avatar sex with each other can have very diverse relationship backgrounds ranging from being strangers to each other to being in a committed relationship (Craft, 2012). Avatar sex is described as somewhat more disinhibited, diverse and adventurous than participants’ real-life sex (Smith, 2009; Gilbert et al., 2011). Interestingly, experiments have shown that virtual touch of the avatar body one is wearing is related to erotic experiences (Mello et al., 2021).

Non-consensual practices, such as virtual rape or sexual interactions with avatars that look like children, are also known and have been met with vivid discussions in the research community regarding their ethical and legal implications (Strikwerda, 2015; Reeves, 2018). New emerging technologies, such as augmented reality (AR), become more and more widespread. While they are already starting to receive recognition in the context of sexual health education (Baran et al., 2020), the potential of AR systems for sexual interaction is still widely unknown (Lombard and Jones, 2013). Evidence about consensual commercial sex in immersive virtual environments focuses on Second Life and points to the fact that some people enjoy playing an avatar escort for both money and sexual satisfaction (Smith, 2009; Lynch, 2010; Martin, 2014; Procter, 2015).



Technology-Mediated Sexual Interactions via Remote-Controlled Sex Toys

The third subtype focuses on people experiencing technology-mediated sexual interactions via remote-controlled sex toys (see Table 5). Such smart sex toys that are controlled by a smartphone app via Bluetooth or Internet have become popular in recent years. Sex toy-facilitated sexual interaction over distance, which has been discussed for decades under the label “teledildonics” (Rheingold, 1990), is now available to end users (Flore and Pienaar, 2020). Integrating haptic interfaces in technology mediated sexual interactions provides additional sensual and erotic experiences (Liberati, 2017) and particularly supports people who lack physical touch such as couples in long-distance relationships or people with disabilities (Gomes and Wu, 2018). However, the design of haptic interfaces and the idea of “teledildonics” might also limit sexual expression by pushing a phallocentric or penetration-focused sexual script (Flore and Pienaar, 2020). Non-consensual uses of remote-controlled sex toys have already been identified such as sex toy producers illegally recording their customers’ sexual interactions via the toys (Sundén, 2020) or people deceiving their sex partners about their true identity to initiate sexual interactions via remote-controlled sex toys without their counterpart’s informed consent which turns the interaction to rape (Sparrow and Karas, 2020). Both privacy breaches and sexual assault are discussed as serious threads of smart sex toys (Wynn et al., 2017). Remote-controlled sex toys are also integrated in commercial sex, for example in commercial webcam live sex shows where the client pays to control the sex toys handled by the sex worker (Martins, 2019). The risks of consent violations described for non-commercial sexual interactions are applicable to commercial sex.




Causes and Consequences

What causes people to get involved in sexual interaction via digital technology, i.e., to sexually interact with other people via digital media communication, remote-controlled sex toys or in immersive virtual environments? In regards to bio-psycho-social push factors, research indicates that younger, non-heterosexual, male individuals with specific personality characteristics (e.g., neuroticism, low levels of agreeableness) are more likely to get involved (Delevi and Weisskirch, 2013; Gordon-Messer et al., 2013; Courtice and Shaughnessy, 2017). Among economic and technological pull factors the emergence of affordable smart devices with aesthetically attractive design and the rapid growth of the Internet of Things (IoT) need to be considered (Flore and Pienaar, 2020).

Concerning consequences of sexual interaction via digital technology, previous research has reported both positive (e.g., opportunities for sexual self-exploration, pleasure, and sexual identity validation; Döring, 2014) and negative (e.g., increased involvement in sexual risk behaviors by adolescents; van Ouytsel et al., 2015) effects for general and sexual health of participants. Ñonsent plays a crucial role and is closely connected to technological factors, as non-consensual sexual interactions are often linked with data misuse and loss of control over one’s own sexual content resulting in humiliation, cyberbullying or harassment (Kopecký, 2015; Mckinlay and Lavis, 2020). In terms of the second mediator commerce, the literature suggests that providing technology-mediated live sexual services in a digital space creates a safer work environment compared to traditional offline settings and thus enhances the opportunity not only for the client, but also for the sex worker to experience sexual pleasure and satisfaction (Jones, 2016).




SEXUAL INTERACTION WITH DIGITAL TECHNOLOGIES

Sexual interaction with digital technologies is a SIDC type that focuses on sexual interactions where a digital artifact plays the role of the sex partner.


Four Subtypes

With regard to sexual interaction with digital technologies four subtypes can be identified (see Table 6).


TABLE 6. Sexual interactions WITH digital technologies: subtypes.
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Sexual Interaction With Media Personas in Traditional Digital Pornography

The first subtype addresses people engaging in sexual interaction with media personas represented in traditional digital pornography (see Table 6). Traditional digital pornography comes in a variety of media forms. The literature differentiates between text-based (e.g., erotic fan fiction; Floegel, 2020; Döring, 2021), audio-based (e.g., adult phone line recordings; Glascock and LaRose, 1993), image-based and computer-generated (e.g., erotic manga and anime; Vučurović, 2016; Baudinette, 2017; erotic gifs; Hester et al., 2015; GGI porn; Saunders, 2019) and/or video-based digital pornographic content (e.g., cyberporn; Ashton et al., 2019). Research on traditional digital pornography mostly focuses on video-based or 2-dimensional (2D) audiovisual digital pornography. All these traditional forms of pornography allow the user to engage in parasocial interactions and relationships with the media personas (e.g., with the porn performers in video-based porn). Contemporary porn performers foster the parasocial interactions and relationships with their viewers and fans by presenting themselves not only in pornographic videos but also on social media platforms such as Twitter to appear more approachable and real (Gorissen, 2020).

Current studies show that people of different genders and sexual orientations voluntarily use traditional digital pornography that they can access discreetly and often cost-free on digital platforms (Vaillancourt-Morel et al., 2017). Issues of consent come up when adults and minors experience unwanted exposure to digital pornography (e.g., confrontation with pornographic pop-up adverts on the Internet or with forwarded porn images on social media) and when people are using sexually explicit content that depicts real life child sexual abuse (e.g., so-called “child pornography”; Eggestein and Knapp, 2014; Henshaw et al., 2017). Widely debated in the context of consent are also fictional pornographic descriptions or depictions of rape scenes, incest or sex with minors (McLelland, 2010). Furthermore, current technology allows to produce fake pornographic images and videos from everyone (so-called “deep fake”) against their will which poses a threat to their reputation (Harris, 2019; Kikerpill, 2020).

Most research on pornography has focused on its users. Research on professional porn performers and their involvement in commercial porn production is scarce. From the perspective of the porn actor participation in commercial porn production means that their face-to-face sexual interactions are recorded. Hence this activity would fall in the first type of SIDC: sexual interaction through digital technology (subtype: Producing digital media content during face-to-face sexual interactions; see section “Producing Digital Media Content during Face-to-Face Sexual Interactions”).



Sexual Interaction With Media Personas in Virtual Reality Pornography

The second subtype deals with 3-dimensional (3D) audiovisual digital pornography (see Table 6). It is commonly labeled in the literature as “VR porn” (Wood et al., 2017). Virtual reality (VR) pornography has been called a game-changer for the whole porn industry due to the vivid experiences it provides (Elsey et al., 2019). VR pornography is used not in front of a display but with a VR headset that allows to immerse in the VR world. By turning the head, the user can look around in the virtual scene. Some VR porn videos are filmed from the perspective of an external observer (voyeuristic perspective), others form the point of view (POV) of the user so that the illusion is created that the user has sex with the porn actor. Experimental studies have demonstrated that immersive VR porn provides a more intense and exciting experience than the use of traditional digital pornography on a desktop screen, particularly when the scene is filmed from the POV of the user (Elsey et al., 2019; Simon and Greitemeyer, 2019; Dekker et al., 2021). Particularly, the parasocial interaction seems to be stronger: In the VR condition male users felt more desired, more flirted with and more looked in the eyes by the porn performer (Dekker et al., 2021).

So far, the research has focused on voluntary use. Issues of consent and commerce have not yet been investigated in the context of 3D or virtual reality pornography.



Sexual Interaction With Software Sexbots

The third subtype focuses on sexual interactions with software sexbots (e.g., AI-enabled chatbots; Banks and van Ouytsel, 2020; AI-enabled holograms; Liu, 2021). Those software artifacts are not tangible but invite the user to engage in social, romantic and sexual interactions and relationships. The 2013 science fiction US-movie ‘‘Her’’ has illustrated how a man can fall in love with an intelligent chatbot that is only present via its voice. However, available sex chatbots are mostly not yet audio-based but purely text-based1.

Issues of consent arise when sexbots appear childlike or when users engage in aggressive and abusive interactions with virtual assistants (Laorden et al., 2015; Curry and Rieser, 2018). So far, the use of software sexbots in commercial sex has not been explored.



Sexual Interaction With Hardware Sex Robots

The fourth subtype addresses sexual interactions with hardware sex robots (see Table 6). Hardware sex robots differ from software sexbots in terms of their materiality. They are often described as AI-enhanced sex dolls (Döring et al., 2020; González-González et al., 2020). Hardware sex robots stand out from all other technologies discussed in this paper so far because of their high price of several thousand US Dollars. Even though the first sex robot models are on the market2, the community of pioneer users of sex robots seems to be fairly small and not very visible in the public (Döring et al., 2020).

That is why empirical research on sex robots so far often draws on sex dolls and sex doll owners as a proxy as this user group is larger and also more publicly visible and accessible via their sex doll owner online communities (Döring and Pöschl, 2018). Research on sex doll owners has revealed a diversity of use patterns that include sexual interaction (e.g., sexual intercourse with the doll) but also social interaction (e.g., dining and watching TV with the doll) as well as physical care work (e.g., washing, powdering, and dressing the doll). Another research strand explores attitudes toward sex robots, intentions to use and to buy a sex robot with the help of surveys and vignette experiments where the robot is described to the participants or pictures of the robot are shown (Szczuka and Krämer, 2017a,b; Appel et al., 2019; Nordmo et al., 2020; Oleksy and Wnuk, 2021). Even though first theoretical models of the psychological mechanisms of sex robot use have been presented (Szczuka et al., 2019), so far, no empirical data are available on sexual and social interactions with actual sex robots or about long-term sex robot users.

The emerging technology of sex robots has elicited a lot of ethical and legal concerns around issues of consent. Main objections are that male users assault and rape female sex robots as well as child-like robots and hence normalize and train sexually abusive and violent behaviors (Richardson, 2016; Danaher, 2017; Frank and Nyholm, 2017). Child-like sex dolls and sex robots are considered particularly dangerous, and their production and possession is already criminalized in some countries (Maras and Shapiro, 2017; Brown and Shelling, 2019). The idea that female or child-like sex dolls and sex robots could successfully be used in the therapy of sex offenders is met with skepticism by ethicists, therapists, and sex offenders (Zara et al., 2021).

Commercial use of sex robots is already being observed in the sense that selected brothels world-wide offer users the option to rent a sex doll/robot or to book a sex worker together with a sex doll/robot (Döring et al., 2020). Some authors speculate that the use of sex robots in commercial sex could be beneficial. When sex robots substitute female prostitutes (e.g., in the red light district of Amsterdam) related risks of sexual violence, sex trafficking and STI transmission become obsolete (Yeoman and Mars, 2012). Other authors, however, argue that using a female sex robots as prostitutes and sex slaves is already an act of symbolic violence against all women and will foster more sexual violence against women and children (Richardson, 2016).




Causes and Consequences

What causes people to get involved in sexual interaction with digital technology, i.e., to sexually interact with traditional or virtual reality pornography, with software sexbots or hardware sex robots? Taking into account bio-psycho-social push factors, research showed that men are more likely than women to interact with digital pornography and to engage in sexual interactions with sex robots (Döring et al., 2020). Such traits as sensation seeking, high sexual motivation, lower self-esteem and an overall positive attitude toward new technologies were also associated with the more eager engagement in sexual interaction with digital technologies (Laier and Brand, 2014; Stark et al., 2018; Szczuka and Krämer, 2019). Socio-cultural factors in terms of positive attitudes toward intimate interactions with technology play an important role (Aoki and Kimura, 2021). In terms of economic and technological pull factors, the wide spread of sexually explicit content on the web (Cooper et al., 2004) and the attractive human-like design, functionality and wide media representation of sex robots (Döring and Poeschl, 2019) are important motivations for their use.

Regarding consequences of sexual interaction with digital technology, previous research has pointed both to risks and opportunities for general and sexual health. It appears that some characteristics of the technology are ambivalent and might create positive and negative effects. For example, sexual interaction with novel digital technologies such as seemingly interactive media persona in immersive virtual pornography or tangible intelligent sex robots can enhance sexual arousal and satisfaction (Dekker et al., 2021) while, at the same time, this technology can increase risks of overuse and addiction (Laier and Brand, 2017; Brand et al., 2019, 2020). Customization of digital technologies can also be ambivalent. On the one hand, catering to the user’s sexual preferences in terms of a sex robot appearance, personality and behaviors might enhance their well-being and arousal, while on the other hand, customized pornography and sex robots might feed into objectification, exaggerated beauty standards and unrealistic expectations that, ultimately, endanger sexual satisfaction (Döring et al., 2020). Interaction with technological artifacts frees users from social rules of interpersonal interactions, which can improve well-being and satisfaction. At the same time, sexual interactions with human-like (mostly woman-like) artifacts violating usual social norms of sexual consent, are assumed to be linked with very negative psychological and social outcomes (Richardson, 2016). Furthermore, the design potentials of innovative digital technologies promise to fulfill sexual fantasies and, hence, foster well-being, while they also bring about risks of privacy violations (Kikerpill, 2020; Ratner, 2021).




DISCUSSION

The present paper introduces a new conceptual model of SIDC that is arousal-oriented and technology-inclusive. Considering that digital technologies can not only mediate interpersonal sexual interactions, but also act as an equal partner in it, the model differentiates between sexual interaction through, via and with digital technologies, depending on the role the technology plays in the interaction. Consent and commerce are identified as relevant mediators. Both causes and consequences of SIDC are described as multidimensional including bio-psycho-social as well as economic and technological factors.


Reflections on the Model and the State of Research

The core and most innovative aspect of our model is the distinction between the three types of sexual interactions: Those that occur through digital media, via digital media and with digital media. By introducing this systematization, we highlight that sexual interaction in the context of digital media is diverse and that digital media can take very different roles in sexual interactions. As the overview of current research indicates, first evidence that these different roles lead to different effects can be identified. Still, future research needs to scrutinize more systematically which interaction type entails which risks and benefits. So far, the summary of recent results clearly indicates that sexual interaction in digital contexts is not only related to risks but can also be accompanied by beneficial outcomes – contradicting early assumptions and publicly discussed fears (Döring, 2009). Future research, however, will need to more systematically assess the magnitude of risks and benefits and the specific boundary conditions which lead to each.

In this line, another important addition to current research and theorizing is that we plead to not only include bio-psycho-social causes and consequences as has been argued before (Shaeer et al., 2017; Leavitt et al., 2021) but to also consider economic and, specifically, technological causes and consequences. A further addition to current theorizing is the inclusion of the mediators consent and commerce. Here, the overview about first research that either focusses on (non)consensual and/or (non)commercial sexual interactions or even directly addresses their differences indicates that these mediators indeed affect the relationship between the digitalized sexual interaction and the consequences. Future research needs to scrutinize the boundary conditions. Therefore, altogether this contribution is meant to support future research by identifying variables that have so far been overlooked and that have not been sufficiently systematized. Still, the strength of the paper lies in its summary of relevant phenomena, variables and empirical findings. The model we present, however, is not yet a theoretical model. Future research and theorizing must clarify how the variables and conditions which we identified interact and what exact mechanisms lead to risks or benefits.



Limitations

Despite its universal approach, the presented conceptual analysis of sexual interaction in digital contexts has its limitations. The analysis has been conducted by an interdisciplinary research team with experts from psychology, medicine, and communication science. It was validated by discussions with further colleagues from these three fields and related social sciences (e.g., sociology). While all experts involved are familiar with relevant research in engineering (e.g., smartphone apps, virtual reality systems, robotics), genuine engineers or computer scientists did not participate. The conceptual analysis methodology involved searching for and analyzing a large body of interdisciplinary literature that is presented both in text and tables. However, it has not been the goal of this paper to provide a systematic literature review. As our literature search was limited to English-language academic sources and our research group is based in Germany, we need to admit that our perspective might have a bias toward the Western world and the Global North.

There is broad consensus that SIDC can have negative (e.g., sexual addiction, sexual violence, relationship breakup) as well as positive (e.g., sexual self-validation, sexual satisfaction, relationship building) consequences. Also, it is obvious that SIDC consequences on different dimensions influence each other: For example, using digital media to search for face-to-face sexual interactions can lead to infidelity among partnered and married participants. Infidelity as a social consequence of online dating can bring about relationship crisis and breakup, emotional stress and increased cortisol level as psychological and biological consequences, and even economic consequences such as loss of property and assets. All of this is covered by our SIDC model. However, we did not explicitly differentiate short-, medium-, and long-term consequences. In the case of a SIDC-induced relationship breakup or divorce, short- and medium-term consequences can be experienced as very negative, while long-term evaluations can be positive, for example in light of a happy and sexually fulfilling new relationship. This example illustrates that classifying SIDC consequences as positive or negative, as opportunities or challenges for sexual and overall health is often not straightforward. People involved in SIDC, external observers, and clinical experts alike can be ambivalent or unsure about the valence of consequences and might change their evaluation over time. The value-laden and even philosophical issue of evaluating complex SIDC consequences from a lifespan-perspective is beyond the scope of this analysis.



Conclusion and Outlook

The aim of the present paper was to identify relevant variables that so far have been overlooked or under-researched. By differentiating the three types of sexual interaction through, via and with technology and discussing them together with bio-psycho-social-economic-technological causes and consequences and with mediators such as consent and commerce, we lay the ground for future studies in this broad and emerging field.

It would, for instance, be helpful to design comparative studies, that contrast different (sub)types of SIDC, e.g., interactions with media personas in traditional 2D versus 3D digital pornography or interactions with software versus hardware sexbots. Those comparisons can be helpful to better understand experiences of social presence and para-sociality during sexual interactions with technology and their links to sexual arousal and satisfaction. Based on the current state of research it is expected, for example, that interaction with media personas in 3D porn are experienced as more intense in comparison to interactions with media personas in 2D porn. Furthermore, interaction with a hardware sexbot should provide more intense experiences than interactions with a software sexbot.

Also, acknowledging consent and commerce as meaningful mediators of SIDC, leads to questions of precise measurement: Using instruments that clearly distinguish between consensual and non-consensual as well as between commercial and non-commercial SIDC is an important first step. However, research points to the need to further differentiate between different qualities or degrees of consent and commerce (e.g., consensual but still unwanted sexting or unpaid but still incentivized sex). Here more research is needed to explore, for example, the different causes, characteristics and consequences of online sex dating that (a) involves no commercial benefit, (b) provides incentives such as invitations to dinners and events or other gifts, (c) includes the direct exchange of money. So far, no validated measures have been developed to collect data on different types of commercial sex in digital contexts such as regular sex dating apps and so-called “sugaring” apps.

Furthermore, we encourage studies that cover causes and consequences in a multi-dimensional way and measure both negative and positive consequences for sexual and overall health in a balanced way. For example, engaging in commercial sex in digital context can be both beneficial and detrimental to general and sexual health (e.g., relief from financial stress and related health issues but at the same time increased vulnerability to STI transmission and stigmatization and, hence, increase in related health issues).

A multi-dimensional analysis is also recommended, according to our SIDC model, when it comes to analyzing the causes or predictors of certain effects of sexual interaction in digital contexts. For example, factors contributing to successful online sex dating can be biological, psychological, social, technological, and economic.

The proposed new SIDC model is meant to help identify research gaps (see, e.g., the empty cells in Tables 4–6) and to provide a systematic framework that assists in incorporating the most relevant variables in future research. To put the model to research practice we suggest to design studies that incorporate those variables that have been neglected. For example, Tables 4–6 reveal that we don’t know much about the incorporation of technologies in commercial sex (e.g., use of pornography, sex dolls or sex robots during interactions with a sex worker).

Last not least we need to point out that much work still needs to be done: The systematization and theoretical framework we present here need to be transformed to a theoretical model which specifies causal mechanisms and processes. Moreover, a long-term or lifespan-perspective when investigating SIDC needs to be incorporated. Ever new and emerging technologies will make sure that the prospective model needs to be constantly checked for potential amendments (e.g., incorporation of new subtypes of SIDC) based on new socio-technical developments.
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FOOTNOTES

1 e.g., collection of adult sex bots, https://www.personalityforge.com/adult-chatbots.php

2 e.g., the AI driven robotic doll “Harmony-X” from the US company Real Doll: https://www.realdoll.com/product/harmony-x/


REFERENCES

ABC News In-depth (2020). “Tinder: Investigation Reveals the Dark Side of the Dating App | Four Corners.” YouTube video, 43:15. Available online at: https://www.youtube.com/watch?v=IFFTMfp5iQo (accessed October 12, 2020)

Açar, K. V. (2017). Webcam child prostitution: an exploration of current and futuristic methods of detection. Int. J. Cyber Criminol. 11, 98–109. doi: 10.5281/zenodo.495775

Anzani, A., Di Sarno, M., and Prunas, A. (2018). Using smartphone apps to find sexual partners: a review of the literature. Sexologies 27, e61–e65. doi: 10.1016/j.sexol.2018.05.001

Aoki, B. Y., and Kimura, T. (2021). Sexuality and affection in the time of technological innovation: artificial partners in the Japanese context. Religions 12:296. doi: 10.3390/rel12050296

Appel, M., Marker, C., and Mara, M. (2019). Otakuism and the appeal of sex robots. Front. Psychol. 10:569. doi: 10.3389/fpsyg.2019.00569

Aretz, W., Gansen-Ammann, D.-N., Mierke, K., and Musiol, A. (2017). Date me if you can: ein systematischer Überblick über den aktuellen Forschungsstand von Online-Dating. Z. Sex. Forsch. 30, 7–34. doi: 10.1055/s-0043-101465

Ashton, S., McDonald, K., and Kirkman, M. (2019). What does ‘pornography’ mean in the digital age? Revisiting a definition for social science researchers. Porn Stud. 6, 144–168. doi: 10.1080/23268743.2018.1544096

Banks, J., and van Ouytsel, J. (2020). Cybersex with human- and machine-cued partners: gratifications, shortcomings, and tensions. Technol. Mind Behav. 1. doi: 10.1037/tmb0000008

Baran, B., Kaptanoğlu, Ş. N., Esen, E., and Siyez, D. M. (2020). Reproductive system augmented reality application for sexual health classes. Int. J. Sex. Health 32, 408–420. doi: 10.1080/19317611.2020.1825028

Baudinette, T. (2017). Japanese gay men’s attitudes towards ‘gay manga’ and the problem of genre. EAJPC 3, 59–72. doi: 10.1386/eapc.3.1.59_1

Beckham, K., and Prohaska, A. (2012). Deviant men, prostitution, and the Internet: a qualitative analysis of men who killed prostitutes whom they met online. Int. J. Crim. Justice Sci. 7, 635–648.

Behm-Morawitz, E., and Schipper, S. (2016). Sexing the avatar: gender, sexualization, and cyber-harassment in a virtual world. J. Media Psychol. 28, 161–174. doi: 10.1027/1864-1105/a000152

Bell, M. (2008). Toward a definition of “virtual worlds”. J. Virtual Worlds Res. 1, 1–5. doi: 10.4101/JVWR.V1I1.283

Bernstein, E. (2007). Temporarily Yours: Intimacy, Authenticity, and the Commerce of Sex. Chicago, IL: University of Chicago Press.

Beyens, I., and Eggermont, S. (2014). Prevalence and predictors of text-based and visually explicit cybersex among adolescents. YOUNG 22, 43–65. doi: 10.1177/0973258613512923

Bleakley, P. (2014). “500 tokens to go private”: camgirls, cybersex and feminist entrepreneurship. Sex. Cult. 18, 892–910. doi: 10.1007/s12119-014-9228-3

Bonilla-Zorita, G., Griffiths, M. D., and Kuss, D. J. (2020). Online dating and problematic use: a systematic review. Int. J. Ment. Health Addict. doi: 10.1007/s11469-020-00318-9

Boyle, K. (2011). Producing abuse: selling the harms of pornography. Women’s Stud. Int. Forum 34, 593–602. doi: 10.1016/j.wsif.2011.09.002

Brand, M., Rumpf, H. J., Demetrovics, Z., Müller, A., Stark, R., King, D. L., et al. (2020). Which conditions should be considered as disorders in the International Classification of Diseases (ICD-11) designation of “other specified disorders due to addictive behaviors”? J. Behav. Addict. doi: 10.1556/2006.2020.00035 [Epub ahead of print].

Brand, M., Wegmann, E., Stark, R., Müller, A., Wölfling, K., Robbins, T. W., et al. (2019). The Interaction of Person-Affect-Cognition-Execution (I-PACE) model for addictive behaviors: update, generalization to addictive behaviors beyond internet-use disorders, and specification of the process character of addictive behaviors. Neurosci. Biobehav. Rev. 104, 1–10. doi: 10.1016/j.neubiorev.2019.06.032

Brennan, J. (2017). Cruising for cash: prostitution on Grindr. Discourse Context Media 17, 1–8. doi: 10.1016/j.dcm.2017.02.004

Bröder, J., Okan, O., Bollweg, T. M., Bruland, D., Pinheiro, P., and Bauer, U. (2019). Child and youth health literacy: a conceptual analysis and proposed target-group-centred definition. Int. J. Environ. Res. Public Health 16:3417. doi: 10.3390/ijerph16183417

Brown, R., and Shelling, J. (2019). Exploring the implications of child sex dolls. Trends Issues Crime Crim. Justice 570, 1–13.

Bull, S. S., and McFarlane, M. (2000). Soliciting sex on the Internet: what are the risks for sexually transmitted diseases and HIV? Sex. Transm. Dis. 27, 145–150. doi: 10.1097/00007435-200010000-00008

Carvalheira, A., and Gomes, F. A. (2003). Cybersex in Portuguese chatrooms: a study of sexual behaviors related to online sex. J. Sex Marital Ther. 29, 345–360. doi: 10.1080/00926230390224729

Choi, E. P. H., Wong, J. Y. H., and Fong, D. Y. T. (2017). The use of social networking applications of smartphone and associated sexual risks in lesbian, gay, bisexual, and transgender populations: a systematic review. AIDS Care 29, 145–155. doi: 10.1080/09540121.2016.1211606

Cooper, A., Delmonico, D. L., Griffin-Shelley, E., and Mathy, R. M. (2004). Online sexual activity: an examination of potentially problematic behaviors. Sex. Addict. Compulsivity 11, 129–143. doi: 10.1080/10720160490882642

Cooper, A., Griffin-Shelley, E., Delmonico, D. L., and Mathy, R. M. (2001). Online sexual problems: assessment and predictive variables. Sex. Addict. Compulsivity 8, 267–285. doi: 10.1080/107201601753459964

Couch, D., Liamputtong, P., and Pitts, M. (2012). What are the real and perceived risks and dangers of online dating? Perspectives from online daters. Health Risk Soc. 14, 697–714. doi: 10.1080/13698575.2012.720964

Courtice, E. L., and Shaughnessy, K. (2017). Technology-mediated sexual interaction and relationships: a systematic review of the literature. Sex. Relatsh. Ther. 32, 269–290. doi: 10.1080/14681994.2017.1397948

Courtice, E. L., Shaughnessy, K., Blom, K., Asrat, Y., Daneback, K., Döring, N., et al. (2021). Young adults’ qualitative self-reports of their outcomes of online sexual activities. Eur. J. Investig. Health Psychol. Educ. 11, 303–320. doi: 10.3390/ejihpe11020023

Craft, A. J. (2012). Love 2.0: a quantitative exploration of sex and relationships in the virtual world second Life. Arch. Sex. Behav. 41, 939–947. doi: 10.1007/s10508-012-9933-7

Cunningham, S., and Kendall, T. D. (2011). Prostitution 2.0: the changing face of sex work. J. Urban Econ. 69, 273–287. doi: 10.1016/j.jue.2010.12.001

Curry, A. C., and Rieser, V. (2018). “#MeToo Alexa: how conversational systems respond to sexual harassment,” in Proceedings of the Second ACL Workshop on Ethics in Natural Language Processing (New Orleans, LA: Association for Computational Linguistics), 7–14.

Danaher, J. (2017). Robotic rape and robotic child sexual abuse: should they be criminalised? Crim. Law Philos. 11, 71–95. doi: 10.1007/s11572-014-9362-x

Daneback, K., Cooper, A., and Månsson, S.-A. (2005). An Internet study of cybersex participants. Arch. Sex. Behav. 34, 321–328. doi: 10.1007/s10508-005-3120-z

Dekker, A., Wenzlaff, F., Biedermann, S. V., Briken, P., and Fuss, J. (2021). VR porn as “empathy machine”? Perception of self and others in virtual reality pornography. J. Sex Res. 58, 273–278. doi: 10.1080/00224499.2020.1856316

Delevi, R., and Weisskirch, R. S. (2013). Personality factors as predictors of sexting. Comput. Hum. Behav. 29, 2589–2594. doi: 10.1016/j.chb.2013.06.003

Dibble, J. L., Hartmann, T., and Rosaen, S. F. (2016). Parasocial interaction and parasocial relationship: conceptual clarification and a critical assessment of measures. Hum. Commun. Res. 42, 21–44. doi: 10.1111/hcre.12063

Diliberto, G. M., and Mattey, E. (2009). Sexting: just how much of a danger is it and what can school nurses do about it? NASN Sch. Nurse 24, 262–267. doi: 10.1177/1942602X09348652

Dir, A. L., and Cyders, M. A. (2015). Risks, risk factors, and outcomes associated with phone and internet sexting among university students in the United States. Arch. Sex. Behav. 44, 1675–1684. doi: 10.1007/s10508-014-0370-7

Döring, N. (2009). The Internet’s impact on sexuality: a critical review of 15 years of research. Comput. Hum. Behav. 25, 1089–1101. doi: 10.1016/j.chb.2009.04.003

Döring, N. (2014). Consensual sexting among adolescents: risk prevention through abstinence education or safer sexting? Cyberpsychology 8:9. doi: 10.5817/CP2014-1-9

Döring, N. (2021). “Erotic fan fiction,” in Encyclopedia of Sexuality and Gender, ed. A. Lykins (Cham: Springer), 1–8.

Döring, N., and Mohseni, M. R. (2018). Are online sexual activities and sexting good for adults’ sexual well-being? Results from a national online survey. Int. J. Sex. Health 30, 250–263. doi: 10.1080/19317611.2018.1491921

Döring, N., Mohseni, M. R., and Walter, R. (2020). Design, use, and effects of sex dolls and sex robots: scoping review. J. Med. Internet Res. 22:18551. doi: 10.2196/18551

Döring, N., and Poeschl, S. (2019). Love and sex with robots: a content analysis of media representations. Int. J. Soc. Robot. 11, 665–677. doi: 10.1007/s12369-019-00517-y

Döring, N., and Pöschl, S. (2018). Sex toys, sex dolls, sex robots: our under-researched bed-fellows. Sexologies 27, e51–e55. doi: 10.1016/j.sexol.2018.05.009

Dwyer, S. (2005). “Enter here – at your own risk: the moral dangers of cyberporn,” in The Impact of the Internet on Our Moral Lives, ed. R. J. Cavalier (Albany, NY: State University of New York Press), 69–94.

Eaton, A. A., Noori, S., Bonomi, A., Stephens, D. P., and Gillum, T. L. (2020). Nonconsensual porn as a form of intimate partner violence: using the power and control wheel to understand nonconsensual porn perpetration in intimate relationships. Trauma Violence Abuse. doi: 10.1177/1524838020906533 [Epub ahead of print].

Eggestein, J., and Knapp, K. (2014). Fighting child pornography: a review of legal and technological developments. JDFSL 9:3. doi: 10.15394/jdfsl.2014.1191

Elsey, J. W., van Andel, K., Kater, R. B., Reints, I. M., and Spiering, M. (2019). The impact of virtual reality versus 2D pornography on sexual arousal and presence. Comput. Hum. Behav. 97, 35–43. doi: 10.1016/j.chb.2019.02.031

Engel, G. L. (1977). The need for a new medical model: a challenge for biomedicine. Science 196, 129–136. doi: 10.1126/science.847460

Floegel, D. (2020). “Write the story you want to read”: world-queering through slash fanfiction creation. J. Doc. 76, 785–805. doi: 10.1108/JD-11-2019-0217

Flore, J., and Pienaar, K. (2020). Data-driven intimacy: emerging technologies in the (re)making of sexual subjects and ‘healthy’ sexuality. Health Sociol. Rev. 29, 279–293. doi: 10.1080/14461242.2020.1803101

Frank, L., and Nyholm, S. (2017). Robot sex and consent: is consent to sex between a robot and a human conceivable, possible, and desirable? Artif. Intell. Law 25, 305–323. doi: 10.1007/s10506-017-9212-y

Gilbert, R. L., Gonzalez, M. A., and Murphy, N. A. (2011). Sexuality in the 3D Internet and its relationship to real-life sexuality. Psychol. Sex. 2, 107–122. doi: 10.1080/19419899.2010.536987

Glascock, J., and LaRose, R. (1993). Dial-a-porn recordings: the role of the female participant in male sexual fantasies. J. Broadcast. Electron. Media 37, 313–324. doi: 10.1080/08838159309364224

Gomes, M. L., and Wu, R. (2018). User evaluation of the Neurodildo: a mind-controlled sex toy for people with disabilities and an exploration of its applications to sex robots. Robotics 7:46. doi: 10.3390/robotics7030046

González-González, C. S., Gil-Iranzo, R. M., and Paderewski-Rodríguez, P. (2020). Human-robot interaction and sexbots: a systematic literature review. Sensors 21:216. doi: 10.3390/s21010216

Gordon-Messer, D., Bauermeister, J. A., Grodzinski, A., and Zimmerman, M. (2013). Sexting among young adults. J. Adolesc. Health 52, 301–306. doi: 10.1016/j.jadohealth.2012.05.013

Gorissen, S. (2020). Thinking about the guy on the other side of the screen: contemporary rhetorical strategies for creating and maintaining an audience. Porn Stud. 7, 212–227. doi: 10.1080/23268743.2020.1749718

Greene-Colozzi, E. A., Winters, G. M., Blasko, B., and Jeglic, E. L. (2020). Experiences and perceptions of online sexual solicitation and grooming of minors: a retrospective report. J. Child Sex. Abuse 29, 836–854. doi: 10.1080/10538712.2020.1801938

Gregory, T. (2018). Colonising antinormative sex: the flexibility of post-porn heterosex in random webcam sex. Sexualities 21, 657–673. doi: 10.1177/1363460717737772

Griffiths, M. D. (2012). Internet sex addiction: a review of empirical research. Addict. Res. Theory 20, 111–124. doi: 10.3109/16066359.2011.588351

Hakim, C. (2015). Economies of desire: sexuality and the sex industry in the 21st century. Econ. Aff. 35, 329–348. doi: 10.1111/ecaf.12134

Harcourt, C., and Donovan, B. (2005). The many faces of sex work. Sex. Transm. Infect. 81, 201–206. doi: 10.1136/sti.2004.012468

Harris, D. A. (2019). Deepfakes: false pornography is here and the law cannot protect you. Duke Law Technol. Rev. 17, 99–127.

Henry, M. V., and Farvid, P. (2017). ‘Always hot, always live’: computer-mediated sex work in the era of ‘camming’. Women’s Studies J. 31, 113–128.

Henry, N., Flynn, A., and Powell, A. (2018). Policing image-based sexual abuse: stakeholder perspectives. Police Pract. Res. 19, 565–581. doi: 10.1080/15614263.2018.1507892

Henry, N., and Powell, A. (2018). Technology-facilitated sexual violence: a literature review of empirical research. Trauma Violence Abuse 19, 195–208. doi: 10.1177/1524838016650189

Henshaw, M., Ogloff, J. R. P., and Clough, J. A. (2017). Looking beyond the screen: a critical review of the literature on the online child pornography offender. Sex. Abuse 29, 416–445. doi: 10.1177/1079063215603690

Hester, H., Jones, B., and Taylor-Harman, S. (2015). Giffing a fuck: non-narrative pleasures in participatory porn cultures and female fandom. Porn Stud. 2, 356–366. doi: 10.1080/23268743.2015.1083883

Hobbs, M., Owen, S., and Gerber, L. (2017). Liquid love? Dating apps, sex, relationships and the digital transformation of intimacy. J. Sociol. 53, 271–284. doi: 10.1177/1440783316662718

Hofer, K. P. (2014). Pornographic domesticity: amateur couple porn, straight subjectivities, and sexual labour. Porn Stud. 1, 334–345. doi: 10.1080/23268743.2014.947735

Horton, D., and Wohl, R. R. (1956). Mass communication and para-social interaction. Observations on intimacy at a distance. Psychiatry 19, 215–229. doi: 10.1080/00332747.1956.11023049

Jabareen, Y. (2009). Building a conceptual framework: philosophy, definitions, and procedure. Int. J. Qual. Methods 8, 49–62. doi: 10.1177/160940690900800406

Jecker, N. S. (2021). Nothing to be ashamed of: sex robots for older adults with disabilities. J. Med. Ethics 47, 26–32. doi: 10.1136/medethics-2020-106645

Johnson, J. A., Ezzell, M. B., Bridges, A. J., and Sun, C. F. (2019). Pornography and heterosexual women’s intimate experiences with a partner. J. Women’s Health (Larchmt.) 28, 1254–1265. doi: 10.1089/jwh.2018.7006

Jones, A. (2015). Sex work in a digital era. Sociol. Compass 9, 558–570. doi: 10.1111/soc4.12282

Jones, A. (2016). “I get paid to have orgasms”: adult webcam models’ negotiation of pleasure and danger. Signs 42, 227–256. doi: 10.1086/686758

Jones, M. T. (2010). Mediated exhibitionism: the naked body in performance and virtual space. Sex. Cult. 14, 253–269. doi: 10.1007/s12119-010-9075-9

Jonsson, L. S., Svedin, C. G., and Hydén, M. (2014). “Without the Internet, I never would have sold sex”: young women selling sex online. Cyberpsychology 8:4. doi: 10.5817/CP2014-1-4

Jung, J., Bapna, R., Ramaprasad, J., and Umyarov, A. (2019). Love unshackled: identifying the effect of mobile app adoption in online dating. MISQ 43, 47–72. doi: 10.25300/MISQ/2019/14289

Kikerpill, K. (2020). Choose your stars and studs: the rise of deepfake designer porn. Porn Stud. 7, 352–356. doi: 10.1080/23268743.2020.1765851

Kingston, S., and Smith, N. (2020). Sex counts: an examination of sexual service advertisements in a UK online directory. Br. J. Sociol. 71, 328–348. doi: 10.1111/1468-4446.12727

Klettke, B., Hallford, D. J., and Mellor, D. J. (2014). Sexting prevalence and correlates: a systematic literature review. Clin. Psychol. Rev. 34, 44–53. doi: 10.1016/j.cpr.2013.10.007

Kohut, T., Balzarini, R. N., Fisher, W. A., and Campbell, L. (2018). Pornography’s associations with open sexual communication and relationship closeness vary as a function of dyadic patterns of pornography use within heterosexual relationships. J. Soc. Pers. Relatsh. 35, 655–676. doi: 10.1177/0265407517743096

Kopecký, K. (2015). Sexting among Slovak pubescents and adolescent children. Procedia Soc. Behav. Sci. 203, 244–250.

Krämer, N. C. (2008). Soziale Wirkungen virtueller Helfer: Gestaltung und Evaluation von Mensch-Computer-Interaktion. Stuttgart: Kohlhammer Verlag.

Kwok, I., and Wescott, A. B. (2020). Cyberintimacy: a scoping review of technology-mediated romance in the digital age. Cyberpsychol. Behav. Soc. Netw. 23, 657–666. doi: 10.1089/cyber.2019.0764

Laier, C., and Brand, M. (2014). Empirical evidence and theoretical considerations on factors contributing to cybersex addiction from a cognitive-behavioral view. Sex. Addict. Compulsivity 21, 305–321. doi: 10.1080/10720162.2014.970722

Laier, C., and Brand, M. (2017). Mood changes after watching pornography on the Internet are linked to tendencies towards Internet-pornography-viewing disorder. Addict. Behav. Rep. 5, 9–13. doi: 10.1016/j.abrep.2016.11.003

Langevin, R., and Curnoe, S. (2004). The use of pornography during the commission of sexual offenses. Int. J. Offender Ther. Comp. Criminol. 48, 572–586. doi: 10.1177/0306624X03262518

Laorden, C., Galan-Garcia, P., Santos, I., Sanz, B., Nieves, J., Bringas, P. G., et al. (2015). Negobot: detecting paedophile activity with a conversational agent based on game theory. Log. J. IGPL 23, 17–30. doi: 10.1093/jigpal/jzu034

Leavitt, C. E., Siedel, A. J., Yorgason, J. B., Millett, M. A., and Olsen, J. (2021). Little things mean a lot: using the biopsychosocial model for daily reports of sexual intimacy. J. Soc. Pers. Relatsh. 38, 1066–1084. doi: 10.1177/0265407520977665

Lefkowitz, E. S., and Vasilenko, S. A. (2014). Healthy sex and sexual health: new directions for studying outcomes of sexual health. New Dir. Child Adolesc. Dev. 2014, 87–98. doi: 10.1002/cad.20062

Lemke, R., and Merz, S. (2018). The prevalence and gratification of nude self-presentation of men who have sex with men in online-dating environments: attracting attention, empowerment, and self-verification. Cyberpsychol. Behav. Soc. Netw. 21, 16–24. doi: 10.1089/cyber.2016.0691

Liberati, N. (2017). Teledildonics and new ways of “being in touch”: a phenomenological analysis of the use of haptic devices for intimate relations. Sci. Eng. Ethics 23, 801–823. doi: 10.1007/s11948-016-9827-5

Lindau, S. T., Laumann, E. O., Levinson, W., and Waite, L. J. (2003). Synthesis of scientific disciplines in pursuit of health: the interactive biopsychosocial model. Perspect. Biol. Med. 46, S74–S86. doi: 10.1353/pbm.2003.0055

Liu, J. (2021). Social robots as the bride? Understanding the construction of gender in a Japanese social robot product. Hum. Mach. Commun. 2, 105–120. doi: 10.30658/hmc.2.5

Lombard, M., and Jones, M. T. (2013). Telepresence and sexuality: a review and a call to scholars. Hum. Technol. 9, 22–55. doi: 10.17011/ht/urn.201305211721

Lynch, M. J. (2010). Sex work in second life: scripts, presence, and bounded authenticity in a virtual environment. Soc. Thought Res. 31, 37–56.

Malesky, L. A. (2007). Predatory online behavior: modus operandi of convicted sex offenders in identifying potential victims and contacting minors over the Internet. J. Child Sex. Abuse 16, 23–32. doi: 10.1300/J070v16n02_02

Mandau, M. B. H. (2020). ‘Directly in your face’: a qualitative study on the sending and receiving of unsolicited ‘dick pics’ among young adults. Sex. Cult. 24, 72–93. doi: 10.1007/s12119-019-09626-2

Maras, M. H., and Shapiro, L. R. (2017). Child sex dolls and robots: more than just an uncanny valley. J. Internet Law 21, 3–21.

Martin, J. A. (2014). “(Re)embodiment of the digital self and first life body in a new social media environment: Paid sex work in Second Life,” in Symbolic Interaction and New Social Media, Vol. 43, eds M. D. Johns, S. S. Chen, and L. Terlip (Bingley: Emerald Group Publishing Limited), 143–171.

Martins, E. E. B. (2019). I’m the operator with my pocket vibrator: collective intimate relations on Chaturbate. Soc. Media Soc. 5, 1–10. doi: 10.1177/2056305119879989

McArthur, N., and Twist, M. L. C. (2017). The rise of digisexuality: therapeutic challenges and possibilities. Sex. Relatsh. Ther. 32, 334–344. doi: 10.1080/14681994.2017.1397950

Mckinlay, T., and Lavis, T. (2020). Why did she send it in the first place? Victim blame in the context of ‘revenge porn’. Psychiatry Psychol. Law 27, 386–396. doi: 10.1080/13218719.2020.1734977

McLelland, M. (2010). Australia’s proposed Internet filtering system: its implications for animation, comics and gaming (ACG) and slash fan communities. Media Int. Aust. 134, 7–19. doi: 10.1177/1329878X1013400103

Mello, M., Fusaro, M., Tieri, G., and Aglioti, S. M. (2021). Wearing same- and opposite-sex virtual bodies and seeing them caressed in intimate areas. Q. J. Exp. Psychol. doi: 10.1177/17470218211031557 [Epub ahead of print].

Mergenthaler, A., and Yasseri, T. (2021). Selling sex: what determines rates and popularity? An analysis of 11,500 online profiles. Cult. Health Sex. 1–18. doi: 10.1080/13691058.2021.1901145 [Epub ahead of print].

Mileham, B. L. A. (2007). Online infidelity in Internet chat rooms: an ethnographic exploration. Comput. Hum. Behav. 23, 11–31. doi: 10.1016/j.chb.2004.03.033

Minichiello, V., Scott, J., and Callander, D. (2013). New pleasures and old dangers: reinventing male sex work. J. Sex Res. 50, 263–275. doi: 10.1080/00224499.2012.760189

Morris, M. (2021). The limits of labelling: incidental sex work among gay, bisexual, and queer young men on social media. Sex. Res. Soc. Policy doi: 10.1007/s13178-021-00603-9

Naezer, M., and van Oosterhout, L. (2021). Only sluts love sexting: youth, sexual norms and non-consensual sharing of digital sexual images. J. Gend. Stud. 30, 79–90. doi: 10.1080/09589236.2020.1799767

Nordmo, M., Næss, J. Ø, Husøy, M. F., and Arnestad, M. N. (2020). Friends, lovers or nothing: men and women differ in their perceptions of sex robots and platonic love robots. Front. Psychol. 11:355. doi: 10.3389/fpsyg.2020.00355

O’Brien, J. E., and Li, W. (2020). The role of the Internet in the grooming, exploitation, and exit of United States domestic minor sex trafficking victims. J. Child. Media 14, 187–203. doi: 10.1080/17482798.2019.1688668

Oleksy, T., and Wnuk, A. (2021). Do women perceive sex robots as threatening? The role of political views and presenting the robot as a female-vs male-friendly product. Comput. Hum. Behav. 117:106664. doi: 10.1016/j.chb.2020.106664

O’Sullivan, L. F. (2014). Linking online sexual activities to health outcomes among teens. New Dir. Child Adolesc. Dev. 2014, 37–51. doi: 10.1002/cad.20059

Pajnik, M. (2015). Merchandizing sex on the web: bias in profiling actors and services. Gend. Technol. Dev. 19, 181–203. doi: 10.1177/0971852415578040

Peter, J., and Valkenburg, P. M. (2016). Adolescents and pornography: a review of 20 years of research. J. Sex Res. 53, 509–531. doi: 10.1080/00224499.2016.1143441

Podlas, K. (2000). Mistresses of their domain: how female entrepreneurs in cyberporn are initiating a gender power shift. Cyberpsychol. Behav. 3, 847–854. doi: 10.1089/10949310050191827

Procter, L. (2015). “Troubling the margins between intimacy and anonymity: queer(y)ing the virtual sex industry in Second Life,” in Queer Sex Work, eds M. Laing, K. Pilcher, and N. Smith (London: Routledge).

Ratner, C. (2021). When “sweetie” is not so sweet: artificial intelligence and its implications for child pornography. Fam. Court Rev. 59, 386–401. doi: 10.1111/fcre.12576

Reeves, B., and Nass, C. I. (1996). The Media Equation: How People Treat Computers, Television, and New Media Like Real People and Places. New York, NY: Cambridge University Press.

Reeves, C. (2018). The virtual simulation of child sexual abuse: online gameworld users’ views, understanding and responses to sexual ageplay. Ethics Inf. Technol. 20, 101–113. doi: 10.1007/s10676-018-9449-5

Rheingold, H. (1990). Teledildonics: reach out and touch someone. Mondo 2000, 52–54.

Richardson, K. (2016). Sex robot matters: slavery, the prostituted, and the rights of machines. IEEE Technol. Soc. Mag. 35, 46–53. doi: 10.1109/MTS.2016.2554421

Rimm, M. (1994). Marketing pornography on the information superhighway: a survey of 917,410 images, descriptions, short stories, and animations downloaded 8.5 million times by consumers in over 2000 cities in forty countries, provinces, and territories. Georget. Law J. 83:1849.

Riva, G., Baños, R. M., Botella, C., Wiederhold, B. K., and Gaggioli, A. (2012). Positive technology: using interactive technologies to promote positive functioning. Cyberpsychol. Behav. Soc. Netw. 15, 69–77. doi: 10.1089/cyber.2011.0139

Rodgers, B. L. (2000). “Concept analysis. An evolutionary view,” in Concept Development in Nursing: Foundation, Techniques and Applications, eds B. L. Rodgers and K. A. Knaf (Philadelphia: W-B Saunders Company), 77–102.

Ruberg, B. (2016). Doing it for free: digital labour and the fantasy of amateur online pornography. Porn Stud. 3, 147–159. doi: 10.1080/23268743.2016.1184477

Sanders, T., Scoular, J., Campbell, R., Pitcher, J., and Cunningham, S. (2018). Internet Sex Work: Beyond the Gaze. Cham: Palgrave Macmillan.

Saunders, R. (2019). Computer-generated pornography and convergence: animation and algorithms as new digital desire. Convergence 25, 241–259. doi: 10.1177/1354856519833591

Schulz, A., Bergen, E., Schuhmann, P., Hoyer, J., and Santtila, P. (2016). Online sexual solicitation of minors: how often and between whom does it occur? J. Res. Crime Delinq. 53, 165–188. doi: 10.1177/0022427815599426

Schwarz, O. (2010). Going to bed with a camera: on the visualization of sexuality and the production of knowledge. Int. J. Cult. Stud. 13, 637–656. doi: 10.1177/1367877910376581

Seligman, M. E. P., and Csikszentmihalyi, M. (2014). “Positive psychology: an introduction,” in Flow and the Foundations of Positive Psychology, ed. M. Csikszentmihalyi (Dordrecht: Springer Netherlands), 279–298. doi: 10.1007/978-94-017-9088-8_18

Selmi, G. (2014). “Dirty talks and gender cleanliness: an account of identity management practices in phone sex work,” in Dirty Work. Identity Studies in the Social Sciences, eds R. Simpson, N. Slutskaya, P. Lewis, and H. Höpfl (London: Palgrave Macmillan), 113–125.

Sevcikova, A., and Daneback, K. (2011). Anyone who wants sex? Seeking sex partners on sex-oriented contact websites. Sex. Relatsh. Ther. 26, 170–181. doi: 10.1080/14681994.2011.567260

Shaeer, O., Giraldi, A., Shaeer, K., Serefoglu, E., and Fode, M. (2017). 425 Bio-psycho-social risk factors for female sexual dysfunction. An online survey of women from the USA. J. Sex. Med. 14, S130–S131. doi: 10.1016/j.jsxm.2016.11.302

Shaughnessy, K., Byers, E. S., Clowater, S. L., and Kalinowski, A. (2014). Self-appraisals of arousal-oriented online sexual activities in university and community samples. Arch. Sex. Behav. 43, 1187–1197. doi: 10.1007/s10508-013-0115-z

Shaughnessy, K., Fudge, M., and Byers, E. S. (2017). An exploration of prevalence, variety, and frequency data to quantify online sexual activity experience. Can. J. Hum. Sex. 26, 60–75. doi: 10.3138/cjhs.261-A4

Simon, S. C., and Greitemeyer, T. (2019). The impact of immersion on the perception of pornography: a virtual reality study. Comput. Hum. Behav. 93, 141–148. doi: 10.1016/j.chb.2018.12.018

Smith, D. H. (2009). Disintegrating involvement in Second Life. InTensions 3, 1–39.

Sparrow, R., and Karas, L. (2020). Teledildonics and rape by deception. Law Innov. Technol. 12, 175–204. doi: 10.1080/17579961.2020.1727097

Stardust, Z. (2019). From amateur aesthetics to intelligible orgasms: pornographic authenticity and precarious labour in the gig economy. J. Gend. Stud. 8, 1–29. doi: 10.15167/2279-5057/AG2019.8.16.1115

Stark, R., Klucken, T., Potenza, M. N., Brand, M., and Strahler, J. (2018). A current understanding of the behavioral neuroscience of compulsive sexual behavior disorder and problematic pornography use. Curr. Behav. Neurosci. Rep. 5, 218–231. doi: 10.1007/s40473-018-0162-9

Strikwerda, L. (2015). Present and future instances of virtual rape in light of three categories of legal philosophical theories on rape. Phil. Tech. 28, 491–510. doi: 10.1007/s13347-014-0167-6

Sun, C., Bridges, A., Johnson, J. A., and Ezzell, M. B. (2016). Pornography and the male sexual script: an analysis of consumption and sexual relations. Arch. Sex. Behav. 45, 983–994. doi: 10.1007/s10508-014-0391-2

Sundén, J. (2020). Play, secrecy and consent: theorizing privacy breaches and sensitive data in the world of networked sex toys. Sexualities 0, 1–15. doi: 10.1177/1363460720957578

Szczuka, J. M., and Krämer, N. C. (2017b). “Influences on the intention to buy a sex robot,” in Love and Sex with Robots. LSR 2016. Lecture Notes in Computer Science, Vol. 10237, eds A. Cheok, K. Devlin, and D. Levy (Cham: Springer), 72–83. doi: 10.1007/978-3-319-57738-8_7

Szczuka, J., and Krämer, N. C. (2017a). Not only the lonely—how men explicitly and implicitly evaluate the attractiveness of sex robots in comparison to the attractiveness of women, and personal characteristics influencing this evaluation. Multimodal Technol. Interact. 1:3. doi: 10.3390/mti1010003

Szczuka, J. M., Hartmann, T., and Krämer, N. C. (2019). “Negative and positive influences on the sensations evoked by artificial sex partners: a review of relevant theories, recent findings, and introduction of the sexual interaction illusion model,” in AI Love You, eds Y. Zhou and M. Fischer (Cham: Springer), 3–19.

Szczuka, J. M., and Krämer, N. C. (2019). There’s more to humanity than meets the eye: differences in gaze behavior toward women and gynoid robots. Front. Psychol. 10:693. doi: 10.3389/fpsyg.2019.00693

Thompson, L. (2018). “I can be your Tinder nightmare”: harassment and misogyny in the online sexual marketplace. Fem. Psychol. 28, 69–89. doi: 10.1177/0959353517720226

Timmermans, E., and Courtois, C. (2018). From swiping to casual sex and/or committed relationships: exploring the experiences of Tinder users. Inf. Soc. 34, 59–70. doi: 10.1080/01972243.2017.1414093

Vaillancourt-Morel, M.-P., Blais-Lecours, S., Labadie, C., Bergeron, S., Sabourin, S., and Godbout, N. (2017). Profiles of cyberpornography use and sexual well-being in adults. J. Sex. Med. 14, 78–85. doi: 10.1016/j.jsxm.2016.10.016

Valkenburg, P. M., and Peter, J. (2013). The differential susceptibility to media effects model. J. Commun. 63, 221–243. doi: 10.1111/jcom.12024

van Ouytsel, J., Walrave, M., de Marez, L., Vanhaelewyn, B., and Ponnet, K. (2021). Sexting, pressured sexting and image-based sexual abuse among a weighted-sample of heterosexual and LGB-youth. Comput. Hum. Behav. 117:106630. doi: 10.1016/j.chb.2020.106630

van Ouytsel, J., Walrave, M., Ponnet, K., and Heirman, W. (2015). The association between adolescent sexting, psychosocial difficulties, and risk behavior: integrative review. J. Sch. Nurs. 31, 54–69. doi: 10.1177/1059840514541964

Vučurović, M. N. (2016). An ethnotaxonomic classification of cultural thought among internet porn users, interpreted in the context of Japanese animated pornography. EAP IEA 11:193. doi: 10.21301/EAP.V11I1.9

Wachs, S., Wright, M. F., Gámez-Guadix, M., and Döring, N. (2021). How are consensual, non-consensual, and pressured sexting linked to depression and self-harm? The moderating effects of demographic variables. Int. J. Environ. Res. Public Health 18:2597. doi: 10.3390/ijerph18052597

Wardle, P. F. (2018). Avatar sex – the joy of the not-real. J. Virtual Worlds Res. 11, 1–14. doi: 10.4101/jvwr.v11i1.7292

Weiss, B. R. (2018). Patterns of interaction in webcam sex work: a comparative analysis of female and male broadcasters. Deviant Behav. 39, 732–746. doi: 10.1080/01639625.2017.1304803

Williams, D. J., Thomas, J., Prior, E., and Walters, W. (2015). Introducing a multidisciplinary framework of positive sexuality. J. Posit. Sex. 1, 6–11. doi: 10.51681/1.112

Willoughby, B. J., and Leonhardt, N. D. (2020). Behind closed doors: individual and joint pornography use among romantic couples. J. Sex Res. 57, 77–91. doi: 10.1080/00224499.2018.1541440

Wood, M., Wood, G., and Balaam, M. (2017). ““They’re just tixel pits, man”: disputing the ‘reality’ of virtual reality pornography through the story completion method,” in CHI ‘17: Proceedings of the 2017 CHI Conference on Human Factors in Computing Systems, Denver, CO, 5439–5451.

Woodward, S. (2020). Digisexuality, erotobotics and the future of intimacy. N. Z. Sociol. 35, 99–119.

Wu, S., and Ward, J. (2018). The mediation of gay men’s lives: a review on gay dating app studies. Sociol. Compass 12:e12560. doi: 10.1111/soc4.12560

Wynn, M., Tillotson, K., Kao, R., Calderon, A., Murillo, A., Camargo, J., et al. (2017). “Sexual intimacy in the age of smart devices: are we practicing safe IoT?,” in IoTS&P ‘17: Proceedings of the 2017 Workshop on Internet of Things Security and Privacy, Dallas, TX, 25–30.

Xu, Y., and Yang, L. (2013). Forbidden love: incest, generational conflict, and the erotics of power in Chinese BL fiction. J. Graph. Nov. Comics 4, 30–43. doi: 10.1080/21504857.2013.771378

Yeoman, I., and Mars, M. (2012). Robots, men and sex tourism. Futures 44, 365–371. doi: 10.1016/J.FUTURES.2011.11.004

Zara, G., Veggi, S., and Farrington, D. P. (2021). Sexbots as synthetic companions: comparing attitudes of official sex offenders and non-offenders. Int. J. of Soc. Robotics doi: 10.1007/s12369-021-00797-3

Zhang, C. (2016). Loving boys twice as much: Chinese women’s paradoxical fandom of “Boys’ Love” fiction. Women’s Stud. Commun. 39, 249–267. doi: 10.1080/07491409.2016.1190806

Zytko, D., Furlo, N., Carlin, B., and Archer, M. (2021). Computer-mediated consent to sex: the context of Tinder. Proc. ACM. Hum. Comput. Interact. 5, 1–26. doi: 10.1145/3449288


Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Döring, Krämer, Mikhailova, Brand, Krüger and Vowe. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OPS/images/fpsyg-12-769732-t005.jpg
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(1) Technology-mediated sexual interactions  Digital technologies are used to create a mediated text-, + - Beyens and Eggermont (2014)
via digital media communication audio-, image-, photo- or video-based sexual interaction. Carvalheira and Gomes (2003)
Gregory (2018)

Milsham (2007)

- - Henry et al. (2018)
Mandau (2020)
Mckinlay and Lavis (2020)
Naezer and van Oosterhout
(2021)
+ + Bleakley (2014)
Jones (2016)
Selmi (2014)
Weiss (2018)
- + Acar (2017)
Jones (2016)
(2) Technology-mediated sexual interactions  Digital technologies are used to create a mediated + = Craft (2012)
via immersive virtual environments avatar-based sexual interaction in virtual worlds. Gilbert et al. (2011)
Mello et al. (2021)
Wardle (2018)
- - Behm-Morawitz and Schipper
(2016)
Reeves (2018)
Strikwerda (2015)
+ + Lynch (2010)
Martin (2014)
Procter (2015)
Smith (2009)
= + /
(8) Technology-mediated sexual interactions  Digital technologies are used to create a mediated sex + - Flore and Pienaar (2020)
via remote-controlled sex toys toy-facilitated sexual interaction. Gomes and Wu (2018)
Liberati (2017)
= # Sparrow and Karas (2020)
Sundén (2020)
Wynn et al. (2017)

+ + Martins (2019)
= + /
Consent: “ + ” — consensual sexual interactions, “—" — non-consensual sexual interactions. Commerce: “ + ” — commercial sexual interactions, “—" — non-commercial

sexual interactions.
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(1) Sexual interaction with media personas

in traditional digital pornography

(2) Sexual interaction with media personas

in virtual reality pornography

(8) Sexual interaction with software sexbots

(4) Sexual interaction with hardware sex

robots

Digital technologies are used to enable sexual interaction
between a person and media personas represented in
text-, audio-, image- or video-based 2-dimensional
pornographic content.

Digital technologies are used to enable sexual interaction
between a person and media personas represented in
virtual reality pornography.

Digital technologies are used to enable sexual interaction
between a person and software sexbots.

Digital technologies are used to enable sexual interaction
between a person and a physical Al-enabled sex robot.
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+

+ +

+
+

Ashton et al. (2019)
Baudinette (2017)

Déring (2021)

Floegel (2020)

Glascock and LaRose (1993)
Gorissen (2020)

Hester et al. (2015)

Saunders (2019)
Vaillancourt-Morel et al. (2017)
Vucurovi¢ (2016)

Zhang (2016)

Eggestein and Knapp (2014)
Harris (2019)

Henshaw et al. (2017)

Kikerpill (2020)

McLelland (2010)

Xu and Yang (2013)

See section “Producing Digital
Media Content during
Face-to-Face Sexual
Interactions”

See section “Producing Digital
Media Content during
Face-to-Face Sexual
Interactions”

Dekker et al. (2021)

Elsey et al. (2019)

Simon and Greitemeyer (2019)
/

/

/

Banks and van Ouytsel (2020)
Liu (2021)

Laorden et al. (2015)

Curry and Rieser (2018)

/

/

Appel et al. (2019)

Déring et al. (2020)
Gonzélez-Gonzélez et al. (2020)
Jecker (2021)

Nordmo et al. (2020)

Oleksy and Wnuk (2021)
Szczuka and Kramer (2017a)
Szczuka and Kramer (2017b)
Brown and Shelling (2019)
Danaher (2017)

Frank and Nyholm (2017)
Maras and Shapiro (2017)
Richardson (2016)

Zara et al. (2021)

Yeoman and Mars (2012)
Richardson (2016)
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Consent: “ + ” — consensual sexual interactions, “—" — non-consensual sexual interactions. Commerce: “ + ” — commercial sexual interactions, “—" — non-commercial

sexual interactions.
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Term Definition Face-to-face  Technology- Human- Technology Arousal

interaction mediated technology inclusiveness focus
interaction interaction

Internet sexuality Sexuality-related content and activities on the Internet + + - - -
(Ddring, 2009).

Online sexual activities  The use of the Internet for any type of activity that involves + + + = =

(OSA) human sexuality (Cooper et al., 2001).

Digisexuality Sexual experiences that are enabled or accompanied by + + + + -
digital technology (McArthur and Twist, 2017).

Cyberintimacy Technology-mediated communication between existing and - + - + -
potential sexual partners (Kwok and Wescott, 2020).

Cybersex A subcategory of OSA, a real-time online sexual interaction - - - - +
between two or more people (Daneback et al., 2005).

Sexting The use of mobile devices or computers to send or receive - + - - +
sexually explicit messages, photographs, or images (Klettke
etal., 2014).

Technology mediated  Interpersonal interaction with the use of digital technology = + - + +

sexual interaction that includes self-created sexually explicit content (Courtice

(TMSI) and Shaughnessy, 2017).

Sexual interaction in Interaction associated with sexual arousal that involves the + + + + +

digital contexts (SIDC)  use of digital media content or a digital artifact, or takes
place in an online or digital environment.

Aspects that are covered within each umbrella term are marked with “+”. Respectively, aspects that are not addressed within selected umbrella term are marked with “—*.
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Type of SIDC

Sexual interaction through
digital technologies

Sexual interaction via digital
technologies

Sexual interaction with digital
technologies

Definition

Interpersonal sexual interactions in face-to-face contexts that have
been started digitally or are accompanied by digital technology.

Interpersonal sexual interactions that take place in
computer-mediated contexts or within an interactive immersive
virtual reality system.

Sexual interactions between the person and the technological
artifact in the role of an interaction partner.

Example activities

People initiating their face-to-face sexual interactions through adult
dating apps.

People shaping their face-to-face sexual interactions though live
filming and streaming the act on the Internet.

People experiencing a computer-mediated interpersonal sexual
interaction via sexually explicit text-based, photo-based,
audio-based or video-based communication with each other.
People experiencing a computer-mediated interpersonal sexual
interaction via an immersive virtual reality system.

People interacting with 2D and 3D Internet pornography and their
respective sexual media personas.

People interaction with physical technological artifacts such as
Al-enhanced sex chatbots, sex dolls, or sex robots.
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Causes of SIDC

Biological causes

Psychological causes

Social causes

Economic causes

Technological causes

Example causes Consequences of SIDC

High level of testosterone and related increased sexual
desire push user to sexuality-related technology use (e.g.,
exploration of sex dating apps).

Biological consequences

High level of anxiety due to relationship trauma makes user Psychological consequences
turn to a seemingly safer artificial sex partner (e.g., sex
robot).
A sexual partner urges the user to sexual interaction in
digital contexts (e.g., engage in unwanted sexting with
them).

Social consequences

Lack of money pushes user to commercial sexual activities Economic consequences
in digital contexts (e.g., commercial camsex).
Technological affordances such as easy access and
perceived anonymity pull the user to becoming a member
of an online platform (e.g., online pornography platform).

Technological consequences

Example consequences

Use of sex dating apps enables face-to-face
encounters with multiple sexual partners
inaccessible before, leading to increased risk of STI
(sexually transmitted infections).

Use of a sex robot provides safe and satisfying
experiences leading to stress reduction, sexual
satisfaction, increased emotional stability.
Experiences of unwanted and non-consensual
sexual interactions in digital contexts cause, among
other things, social withdrawal and relationship
problems.

Providing services on a commercial camsex
platform secures a living.

Use of an online pornography platform motivates
user to try out additional technologies (e.g., better
headphones, remote controlled sex toys linked to
3D pornography).
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(1) Face-to-face sexual interactions enabled  People initiating their face-to-face sexual encounters + = Jung et al. (2019)

through digital technology through digital dating services. Sevcikova and Daneback
(2011)
Timmermans and Courtois
(2018)

Wu and Ward (2018)

- - Greene-Colozzi et al. (2020)
Malesky (2007)
Schulz et al. (2016)
Thompson (2018)

+ + Brennan (2017)
Kingston and Smith (2020)
Mergenthaler and Yasseri
(2021)
Morris (2021)

= + Beckham and Prohaska (2012)
Jonsson et al. (2014)
O’'Brien and Li (2020)

(2) Face-to-face sexual interactions People shaping their face-to-face sexual encounters + - Kohut et al. (2018)
accompanied by passive-receptive use of through joint pornography use. Willoughby and Leonhardt
digital technology (2020)
= = Langevin and Curnoe (2004)
+ -+ /
- + /
(3) Face-to-face sexual interactions People shaping their face-to-face sexual encounters + = Ruberg (2016)
accompanied by active-productive use of through live filming and streaming the act. Schwarz (2010)

digital technology
= — Eaton et al. (2020)

+ + Hofer (2014)
Stardust (2019)
- + Boyle (2011)
Consent: “ + ” — consensual sexual interactions, “—" — non-consensual sexual interactions. Commerce: “ + ” — commercial sexual interactions, “—" — non-commercial

sexual interactions.
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